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Fish occurrence patterns and habitat characteristics of rivers discharging into
Lake Hinuma, a Ramsar-designated brackish lake in eastern Japan
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Abstract

Fish occurrence patterns and habitat characteristics in eight rivers discharging into Lake Hinuma, a
designated Ramsar wetland and the only natural brackish lake (9.35 km?) on the Kanto Plain, eastern Japan,
were investigated in April and May (spring) and July and August (summer) in both 2019 and 2020. A total of
69 fish species, including 16 red-listed taxa (e.g., threatened and near threatened), 7 exotic species and 9
introduced Japanese species, were collected during the study. Species that spent at least part of their life cycle
in brackish and/or marine habitats (i.e. estuarine, marine and diadromous fishes) accounted for approximately
52 % of all species. A cluster analysis conducted on species composition data for each river revealed that the
8 rivers fell into one of two groups, a large river (Hinuma River) group with high species richness, and small
river group with low species richness. The latter group also exhibited a distinctive fish fauna comprising a
variety of species, reflecting the salinity gradient within the lake. Generalized linear mixed model analyses
based on the occurrence patterns of 15 major fish species and environmental variables showed marked
interspecific differences in preferred habitat conditions. For example, some endangered species, such as
Japanese eel (Anguilla japonica), Japanese ricefish (Oryzias latipes) and the sculpin Cottus reinii, were
frequently found in areas with well-developed aquatic vegetation. In addition, upstream migration of several
species, including A. japonica, Japanese dace (Pseudaspius hakonensis), mullet (Mugil cephalus cephalus)
and two gobies (Gymnogobius urotaenia and Tridentiger brevispinis), were likely to be negatively influenced
by weirs. To appropriately conserve essential habitats for native fish species, including both red-list and
commercially important species, in rivers flowing into Lake Hinuma, it is desirable that river management
plans incorporate regular monitoring of the population status of each species, in addition to the protection
offered by natural riverbanks, including aquatic vegetation zones, restoration of artificial banks to semi-natural
conditions, connectivity maintained between rivers and the brackish lake via operation or improvement (e.g.,
installation of fishways) of weirs, and control of invasive exotic species [e.g., piscivorous smallmouth bass
(Micropterus dolomieu dolomieu)).

Key words: diadromous fish; threatened species; commercially important species; invasive exotic species;
habitat use; weir; aquatic vegetation; revetment
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Fig. 1. Map showing sampling sites (open circles) in 8 rivers flowing into Lake Hinuma, Ibaraki Prefecture,
eastern Japan. Lines perpendicular to each river indicate weirs.
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Table 1. Basic features of 8 rivers flowing into Lake Hinuma and total number of sampling sites in each

rver.
Site Riversborce Source elevation Length of river  Total n}lmbgr of
(m)* (km)* sampling sites

Hinuma River Low mountain 283.6 46.0 95
Shibu River Plateau escarpment 27.8 4.7 10
Wakamiya River Plateau escarpment 28.6 8.2 10
Atoya River Plateau escarpment 18.4 2.8 11
Ishikawa River Plateau escarpment 26.1 72 11
Ohya River Plateau escarpment 23.7 7.6 16
Sai River Plateau escarpment 20.9 24 7
Sakura River Plateau escarpment 22.6 35 11

*Data taken from satellite map, Geospatial Information Authority of Japan (2025).
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Table 2. Range and mean * standard deviation (SD) of each environmental variable at 171 sites in 8 rivers
flowing into Lake Hinuma in April and May (spring) and July and August (summer), 2019 and 2020.

2019 2020
Environ_mgmal variat_)le Spring A Spring a—
(abbreviation and unit)
Range  Mean = SD Range  Mean = SD Range Mean = SD Range Mean = SD

Water temperature (WT, °C) 15.4-273  203+3.0 19.1-33.7  24.7+3.1 14.1-27.0  20.5+3.2 17.9-323  243+£32
Dissolved oxygen (DO, mg/L) 2.7-18.5 89+1.5 3.1-13.9 78+14 4.0-14.0 93+1.5 3.9-14.1 82+1.2
Turbidity (TU, NTU) 2.1-1450 303 £30.7 0.3-95.7 19.0+18.5 3.6-113.0 284+£218 0.0-123.0 163=18.6
Salinity (SA) 0.0-20.2 08+29 0.0-5.1 0.2+0.7 0.1-3.0 0.3+0.6 0.045 03+0.5
Cover by emergent vegetation (CEV, %) 0-100  58.5+26.9 0-100 58.0+24.2 0-100 49.7£27.1 0-90 49.6+24.5
Cover by submerged vegetation (CSV, %) 0-80 3.3+10.7 0-90 47+142 0-60 47+114 0-90 6.5+149
River width (RW, m) 0.9-484 6376 1.2-484 63+78 1.4-52.0 9.6+11.1 1.3-52.0 7.5+95
Water depth (WD, cm) 74-110.6 38.8+22.1 7.4-110.6 38.6+223 10.2-1022 43.2+17.5 12.8-136.8 41.3+19.1
Current velocity (CV, cm/s) 0.1-100.0 27.1x21.1 0.1-100.0 27.5=21.1 0.1-101.9 299+253 0.1-96.0 284+21.2
Elevation (EL, m) 0.0-169.1 19.5+32.1 0.0-168.9 18.4+29.1 0.1-40.2 5.7+8.1 0.1-1722  19.2+283
Distance from river mouth (DRM, km) 0.0-47.7 8.6x10.0 0.0-47.7 85+99 0.0-29.1 44+68 0.0-44.7 102+£12.7
Number of weirs from river mouth (NW) 0-22 4.0=5.1 0-18 32+44 04 0.7+1.0 0-18 2339
Sl R SOt 0-3 04+07 0-3 04407 0-4 05408 0-2 0.5+0.6

sampling area (NIC)

JIDITC 3.8-18.8 %, KAJIT 7.3-20.9 % & =\ ME
MIZH Y, RAWNT, \RNE BB TIEENEN
0-4.6%% 0-7.5%ThH v, ¥, F)I, BT
0% Tholo, MAT HKEHEOFEEMEIL., £
JNEBRBINTENZI 0.6-1.8 KL 0.5-1.1 K&
ZUVMEIANCH D, RN T, EHEJ (0.5-0.6 K) &
TEVE (0.4-0.6 &) TH Y | 7% D 3 KOOI T
1% 0.1-0.4 KTh o7z, W AH5OEEDEED
BRI OV TIE, BRI EEIIITENZER 22
& 20 E %< RNT,RBITOETHY,
YOS5 KOWNTIL 23 TH-7=,

HBAREOHE

AR O FHA I P ICERAE Sh - L, BT
23 Bt 58 fl, HZEIT 25 B 64 FODFEE 26 £ 69 T
&7z (Table3), BHRIOFEHUIT = A Fiod 21 FE L
KbHEZL<, WNTHNERD 14, FUavkte
Yo7 wvaft BT IBOIFET, KV D 21
BTl 12 ThoTe, FIEGHMBNTHD & #l
WA B3 FEE b2 <. WV Til LIRLEFEMAD
15 fll, MK 14 Fl, UKD TRETH -7z,
BRSO RNTIE, by RU A MEDOFF
AFXY A =R UFX, ¥ T ) Carassius
buergeri subsp. 2 . & 7 = Acheilognathus
melanogaster (1 )1l 1 S DB D FAT/34 TH
V. BIFFRIC X DBREZD T DI I13FEA
B, ¥V ¥ ) = Tanakia lanceolata, & 773~

K a 7 Cobitis sp. BIWAE type C, s hr KU =
7 Lefua echigonia, % /NF Tachysurus tokiensis, <
2 A X B Oryzias latipes. 7 v A % =31
Hyporhamphus intermedius, 71371 Cottus pollux.
IR IATH, AwFY (TAT), =R
¥ Gymnogobius macrognathos, ¥ = X717 /~\E
F A3/ R YU Rhinogobius fluviatilis (FRIKIRE
TG BREEH B R BORRRAR 2016; BREEE 2020) OFf
16 Fi3 & 4T (Table3), —4 T, EHAML
KT ESNRAEMICIEES N T WD A A7 F
NA 3T FIRR Micropterus dolomieu dolomieu.,
7 )V —X v Lepomis macrochirus macrochirus O
. aA (BB Cyprinus carpio, %AV 7 /N
Z % F 3 Rhodeus ocellatus ocellatus, 717 R =
7 Misgurnus dabryanus, 77 )V F—Channa argus
OFt 7R ENIKFEIX S T e T 7T Carassius
cuvieri, 713t 7 Acheilognathus rhombeus, 71 7
LY X< LY X W 2 Grathopogon elongatus
elongatus, > 7 7 % Abbottina rivularis, A & 1
= Squalidus chankaensis biwae ., A4 K E 1 2
Squalidus gracilis gracilis, 7~ X Silurus asotus M
RO FEMNE E4L TV (Table 3),

R AN RO E D ST HEI X~ T F 7
Tridentiger brevispinis C 169 Hif (WD HFZF &
HEICBT 2HRAEMSE DGR D 425 %) TH
D, WNTRru I /ARY (165 HiA, 41.5 %),
7 % =3 U Gymnogobius urotaenia (144 #155,36.2 %) |
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Fig. 2. Dendrogram of cluster analysis showing dissimilarities of fish fauna based on occurrence
or non-occurrence of each fish species in 8 rivers flowing into Lake Hinuma.

N a U Misgurnus anguillicaudatus (131 Hiz,

329 %), BULY (119 M5, 299 %), A4 H
U Opsariichthys platypus (117 #1531, 29.4 %), U
74 (13 /iR, 284 %), vV EIATH (112
Mg, 28.1%), #Em 3 (99 Him, 249%). R
7 Mugil cephalus cephalus (92 Him, 23.1%). <
T AL (83 ML, 209 %), TV A
Pseudorasbora parva (82 #:. 20.6 %), 7 =
Plecoglossus altivelis altivelis (82 Hi, 20.6 %) .
=R U TF (79 #RL 19.9%), =B (79 H#E
ML 19.9%) Tholz, T T, 2ib 15z
FEMafEE LTI,

A1) 11 ) C O FEMLER D Ll

A TERAE S T fE O A Rk O SR
IZHEANWTT FRAZ =& {7072 2 A HE
N (T n—7"1) oWl (Fv—7"2) 1Tk
X miu, ZAU D O] R CRSEFE S BRI B
725 Tz (Fig. 2). ) & oI & DT
OB E I Lz & 2 A, TR 54 F
T, oo 26-40 fE () 32.7 i) LV b
Z\MEA A BT (Table 4), TDOWNFRZHT
KDL, FERFEE Ly KU R MEITFEITIE
38FE L 14 BT, fthooil)I[od 22-32 F (5744 27.0
f) & 3-9f (CFH63fE) L bEhol,
7o, ESMI KRR & ENASREERILIEE)IIC T/ E 9
i, LoD T 14 Ff (F%) 2.4 f) & 2-5FE (OF

Table 4. Range and mean + standard deviation of number
of fish species in each category, and indicator species in
each group, determined by cluster analysis.

Group 1 Group 2
(Hinuma River) (Other small rivers)
Number of species
Native and introduced species
Native species 38 22-32(27.0+3.1)
Red-list species 14 3-9(6.3+1.8)
Introduced species
Introduced exotic species 7 1424+1.2)
Introduced Japanese species 9 2-5(3.3+1.0)
All species 54 26-40 (32.7+4.2)
Life cycle category
Freshwater species 32 9-17 (13.6 £2.7)
Estuarine species 6 3-6(44+1.2)
Marine species -+ 3-7(4.7+1.3)
Diadromous species 12 8-12(10.0+1.2)
Kp, Am, Pla, Hs,
Tndicatorspecies Ppo, Ar, Sg, Rl, Pls, Ci, N{l, As,
Co, Al, Md, Cp Ro, Eo, Sj, Gp,
Gm, Fg, Ta

See Fig. 2 for cluster analysis; Table 3 for each category and species
code.

%133 fH) ThH O, JE)ITIIA KRS 2\ ME R
DAHBITZ, WIT, ATESERIFE L 3 5 & |
TR Ttk s 32 i, KA 6 fll, ¥
KA 4 FE, W LENELNS 12FETH D DT L
T, MOFTITME AR 9-17 B (FH 13.6
) . VUKSDS 3-6 FlE (%) 4.4 FE) | VigKEAaDS 3
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Table 5. Information-theory statistics and coefficients for the top models explaining fluctuations in occurrence/non-
occurrence of 6 freshwater fishes in rivers flowing into Lake Hinuma.

Species  Model?

Estimate (Standard error)

Do AlC RT? ST9
type Ifercept ~ WT DO TU SA CEV CSV  RW WD cv EL  DRM NW NIC
c b c
o EL o708 446*t 01070 -0011 N -0.009 0.034* 07691 1.626*** -0.011' 0.395*
P 0B os3)  (0038) (0.007) (0.005) ©0017) ©441)  (0446)  (0.006) (0.185)
N 5 3 1 4 4 0 5 5 5 5
. 4700%%*  0.102* 0023* 1090 0667  1475% 0.156%+*
N DRM 31253 (13500 (0.047) (0010)  (0.982) 0.507)  (0.509) (0.025)
N 5 5 3 0 1 2 s s 5
- = -0.305 00204 -155 -0028%* 0011 -0.000 0.308
Ge EL 374.57 (0.960) (0.010) (1.369) (0.009) (0.007) (0.006) (0.198)
N 0 5 4 0 0 0 5 4 0 0 3 4
-1.905** -0.032% 0962 1104°*  -0011f 03731
: 3 365
Ppa EL 36533 (g 680 (0.011) (0451)  (0459)  (0.007) (0.190)
N 0 s 0 1 1 0 5 s 4 4
1.200% -0.000 0.020* 0.052%%* 0.030°
M 435, = 24
Ma:  “DRM 43538 [5458) (0.007) (0.009) (0.009) (©.017)
N 2 2 0 0 0 5 5 0 1 1 5
-0.9991 0.023%%* -0.037%% -0.068%* 0.438*
ol DRM 36376 (0 (0.007) 0.009) (0.025) (0.204)
N 5 2 5 a 3

For abbreviations of environmental variables, see Table 2. RT: Riverbank type. ST: Sediment type. N: Total number of selections by top 5 models. *** P <
0.001, ** P < 0.01, * P < 0.05, ' P < 0.1. YModel type: Results of pattern analysis including each environmental variable (EL, DRM, NW). ?Riverbank
characteristic of sampling sites: shown as selectivity of (b) revetments with partial consideration for organisms inhabiting banks (both concrete revetment
and natural riverbank, or stone revetments) or (c) natural riverbanks, with respect to (a) revetments lacking consideration for organisms inhabiting banks
(riverbanks and riverbed completely covered by concrete structures). ®Predominant sediment type covering sampling area: shown as selectivity of (b) sand
or (c) granule, pebble and cobble, with respect to (a) mud and sandy mud.

78 (CFEY 4.7 %), i@ LInEfaAs 8-12 F (S
10.0 f) TH Y | EE)NFAOWT)I L D & MoK
FOFEEDNR LA KSR KL, 38 LRl
OFEFUTIFIFFEDOKEETH 5 & iz ST,
BN OHHBL L - flL 8 FE (R 7T~
A YFT7FR A MERA TTINY, LAY
v~ RV a v, ¥F X Acanthopagrus latus, =7
FNAL TV A) . MOWIINC D B L - FE I
15 F (= 7 v v Konosirus punctatus, %=, &
AR, %3 Y Hyporhamphus sajori, ~ 2
Platycephalus sp.2. 2@ 7 =27 ¥ Caranx ignobilis.
v A 7 ¥ Nuchequula nuchalis ., 7 7 % A
D G B
Rhynchopelates oxyrhynchus, 71U 7 F 3 Eleotris

Acanthopagrus  schlegelii
oxycephala, 7 X/~ Sicyopterus japonicus, *
X U =2 U Gymnogobius petschiliensis, = K/~E |
t A N8 Favonigobius gymnauchen, 7 %7 7)) T
7= (Tables 3, 4), &V D 46 Fi|Xm 7/ L—7
WL THILZD, 2D ) bXvaye=o
ANZOWTIHFEENIT, £lo, FLXR TPV AR
RE7rRYav, <X, TA—F /oL

TEAE ) &AW D —F D AT L < BT 2
737 Bz (Table 3), 7Zeds, MLOWJID 727
TH—EOMTHMITREY 23H 0, BlzIE, BA
TX, T RANE, IV T TEIBBINOHR, AV
K7, vy=v7Y, AT FIFTANINOI,
VAP R ZIARER/NNOR, 2 e,
A VIEFNOHBTHELL, =2 XH B
BV TAT DT L < HBL U228 (4R
ZEH O B S BT 1 & BEICRE 11 HiR) |
AHEIZHMAT DN TIEH E 0 HBLL 220
7o CEENNERE)NTEH 2 #A, oF)ITIEo
Hi470) (Table 3),

FEABOLOM L EEMITONIRELE
FEMRE 15 MOSFEOS (E/RE) 1T
BEHZ TODAREEND ZBRBELRZHHE
Bl LT T LT GLMM fifffr 24T » 7 B %
ik f & VKA - KAl - LIRS 31T C
Table 5 & Table 6 (Z/R L7z, KON NET L
TEREINAELMHEPRBDOONEREL &
(TR L I 2 BR <) 122\ TiE, BFEDIE
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2. R R g 7IzHoW 195041 THE
AW & TN THEDHER SN =% OME T
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F L FAOFEMETIX, EIRAETH L~
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Lo THIAAENRELRLZ ZERMLNATWND
(Bruno et al. 2013), JEVEAM] TILIEE ) 23 A
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PRI B DA IS AEB L BE S U < TRV
WZEEBN 2 (KBF 5 1958; A H 1961; Kurawaka
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