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Abstract

The fish distribution patterns and environmental variables in 23 rivers flowing into Lake
Kitaura, a shallow inland-sea lake (7 m maximum depth, 36 km?) in Ibaraki Prefecture, eastern
Japan, were examined from mid-April to late May (spring) and from mid-September to mid-
October (autumn), 2016. A total of 33 fish species, representing 11 families, were recorded
during spring and autumn. A cluster analysis based on data for species composition in each river
revealed that the 23 rivers fell into one or other of two groups, a large river group with high
species richness and a small river group with low species richness. Several different threatened
species were found in each group. The relationships between the presence/absence of fish species
and environmental variables were analyzed by generalized linear mixed models, the results for
20 species being sufficient for predictability. The number of weirs from a river mouth was
negatively related to the occurrence of 10 species, including commercially important lacustrine
fishes (e.g., Hypomesus nipponensis and Tridentiger brevispinis), suggesting that upstream
movements of these species were negatively influenced by the weirs. In addition, river width,
flow velocity, and vegetation-cover ratio were also significant for the presence/absence of many
species. In particular, the vegetation-cover ratio positively influenced the occurrence of several
threatened species. River restoration programs, including installation of fishways adjacent to the
weirs, management of riparian vegetation, and improvement of revetment structures, are
necessary to effectively conserve the habitats of the native fishes, which included both
commercially important and threatened species in the basin of Lake Kitaura.

Key words: threatened species; commercially important species; introduced species; habitat
use; weir; vegetation cover
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Fig. 1. Map showing 130 collection sites (open circles) in 23 rivers (a—w) flowing into Lake Kitaura,
Ibaraki Prefecture, eastern Japan. a, Otobori R.; b, Ganzu R.; ¢, Kura R. ; d, Daienji R.; e, Yamada R.;
f, Takeda R.; g, Naganoe R.; h, Tomoe R.; i, Hokota R.; j, Nagamo R.; k, Tanaka R.; |, Futaezaku
Secondary Channel; m, Futaezaku Channel; n, Taiyosakai R.; o, Taiyo R.; p, Shiratori R.; q,
Kamihatagishizakisakai R.; r, Numari R.; s, Takei R.; t, lai Channel; u, Nakazato R.; v, Suizin R.; w,
Nagare R. Figures in parentheses indicate length of river or channel (km).
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Table 1. Range and mean * standard deviation (SD) of each environmental variable in 130 sites of 23
rivers flowing into Lake Kitaura from April to May (spring) and from September to October (autumn)

in 2016.

Environmental variable Spring Autumn

(abbreviation and unit) Range e a0 Range Mean + SD
Water temperature (WT, °C) 15.7-248 20.1£2.1 146240 188+£23
Dissolved oxygen (DO, mg/L) 58-11.7  83+1.0 3.6-11.5 8712
Electrical conductivity (EC, mS/cm) 0.15-0.54 0.28 =0.05 0.16-0.50 0.30=+0.05
Flow velocity (FV, cm/s) 1.1-79.7 244+£16.6 1.5-813 250+163
Water depth (WD, cm) 5.2-187.2 429+343 42-187.0 385+337
River width (RW, m) 0.8-25.0 37+£35 0.8-25.0 36+3.5
Vegetation-cover ratio (VCR, %) 0-100 30.2+288 0-100 28.5+29.1
Mﬁgiﬁ;ﬁggﬁgﬁ%meQ 0-4 0508 0-4 05+0.8
Nu(r;lll(:;:;:‘rN (;f weirs from river mouth 0-8 1116 0-8 1116
Elevation (EL, m) 3-31.7 9.5+6.1 3-31.7 95+6.1

2FETh o7, EIGFHRRNH D & | FlRK A
23 25 FE, VRKMAA 1 fE (TvimaE
Acanthogobius lactipes) . WEKHN 1 (K7
Mugil cephalus cephalus) . 8 L[lEf7S 6
(v Z DAY F, T2, AXFFT
fvav /R, Ux
= Gymnogobius urotaenia) T o7T-, B
SNIZRDRNTIE, by FY X ME#EFE T
bHAFTYY AIGE, FT7F, v FF
VA < Y B <
Acheilognathus tabira erythropterus, 7 b7 K
a2 U Lefua echigonia, X/°3F, I T I AKX
Oryzias latipes (Bghi4 2020) OFF 7 FENE E
NTW7z (Table2), 2B, 7B LXETIC
DWTIE LI T R T U VAR HER S L
RNERERRIUC S Y | o Z T T
WEINTWD X (JbA 2008; AR - 17
H 2022), ERBHIR A~ FFE A K —HBO
BIFRET L HEELIREIND 2D,
INAFFRAR L Lz, —5 T, BN REE
L5 2w v 7 Carassius cuvieri, 713t 7

Tridentiger brevispinis .

= Tanakia lanceolata .

Acheilognathus rhombeus . /> A Opsariichthys

uncirostris uncirostris, Y'Yt HA  Sarco-

cheilichthys variegatus variegatus, % & & =2
Gnathopogon elongatus elongathus. Y 7 7 %
Abbottina rivularis , A 2 & ° 2 Squalidus
chankaensis biwae D71 7 i, [EFRAEITH
KAWL TREESSRAEM IR ES N TV DT
¥ XNV F ¥ v N7 o v a letalurus punctatus.,
F A FNA L T I —F )b Lepomis
macrochirus macrochilus DI1Z7>, 24 (FAEM)
Cyprinus carpio, # A Y 27 /37 %) = Rhodeus
ocellatus ocellatus. 717 K3 a 7 Misgurnus
dabryanus DFF 6 TR G TV,

BHLSE N R b S oL 3 v
AT 162 R (FFE L HFICBIT DA
REDOEFD 623 %) THY, WNTKRY =
7 Misgurnus anguillicaudatus (148 H#fi & -
56.9%), #Eu= (86 HisN :33.1%), X~F
F7 (85 HU :32.6%) . XY (84 Hii ¢
32.3%) ., & = Pseudorasbora parva (59 #is5
227%) FA YV 73T 2T Q29 MR 11.2%) .
ZF Y AT (26 Hir:10.0%) . R T (22
HiAi 0 8.5%), A Q1 HiAL :8.1%), ¥ 7
T (17 #158:6.5%) . 7 7B (16 M :6.2 %)
VF7x (ISHE 58%) . Frany T,
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& o
8 ~ E E o i mggg (10 Hup @ 3.8 %) . FA HY
Opsariichthys platypus (10 #1,5:3.8 %)
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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 23 rivers (a—w) flowing into Lake Kitaura.
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Table 3. Mean + SD of number of species and length of river or channel and indicator species

in each group divided by cluster analysis.

Group 1 Group 2
Number of species 17.7+2.6 62+25
Length of river or channel (km) 10.2+9.5 28+1.1
Indicator species Cb, Cc, Hn, Lm, Md, At, Tl

0Ol, Ou, Pa, Sc, Sv, Tt

See Fig. 2 for cluster analysis and Table 1 for species code.
. _______________________________________________________________________________________________________________________________________________|
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Table 5. Mean * SD of each environmental variable in occurrence (O)/non-occurrence (N) of each
fish species in 130 sites of 23 rivers flowing into Lake Kitaura during this study.

Environmental variable*

Species

WT (°C) FV(envs) WD (cm) RW (m) VCR (%) NOC NOwW
Lenthenteron sp. N. O 181+15 40.0+294
N 196+23 28.1 +28.8
Cyprinus carpio 0] 04+0.7
N 12+17
Carassius cuvieri (0] 1.8+1.1 02+04
N 0.4+0.8 12+1.6
Tanakia lanceolata o} 67.5+238
N 28.1 £284
Rhodeus ocellatus ocellatus 0 206+24 166+145 09+1.0 03+05
N 193+23 258+164 0.4+0.8 12+1.7
Opsariichthys platypus o} 353+£19.7
N 2434162
Pseudorasbora parva 0 53.7+347 08+1.1 04+0.7
N 36.9+329 04+0.7 1.4+1.7
Gnathopogon elongatus elongatus O 29.1+ 189 47+38 07+14
N 226+ 14.7 3.1+32 1.3+1.7
Abbottina riviularis (0] 6.7+4.0 14.7+19.2
N 35+34  302+293
Hemibarbus barbus (0] 14+1.5
N 04+0.8
Misgurnus anguillicaudatus 0 28.1+13.0 238+140 23+13  36.5+309 1.7+1.8
N 20,1 +£195 645+393 55+46 19.34+229 04+1.0
Hypomesus nipponensis (0] 85+78 11.1+£6.2 0.0
N 258+ 163 32+26 12+1.6
Mugil cephalus cephalus 0 21.0+2.0 8.5+33 12.7+13.2 0.0
N 193+23 32+32 30.84+29.7 12+1.7
Micropterus nigricans (0] 70+7.6
N 35+33
Acanthogobius lactipes 0O 226+1.1 7724355 8.1+42 0.0
N 193+£23 39.2+£332 35+£32 12+1.6
Tridentiger brevispinis (0] 36+27 04+08
N 37+38 1.5+ 1.8
Rhinogobius sp. OR 0 302+ 146 264+163 28+20
N 158+ 154 644+417 50+49
Gymnogobiiis urotaenia 0] 302+17.1 342+258 38.1 +28.7 0.7+0.9
N 213+ 150 438+37.0 25.1+284 14+18

*For abbreviation of each environmental variable see Table 1. Only major variables selected for the best

models in Table 4 are shown.
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