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Revised

Kohji Mabuchi and Kazuya Nishida. 2026. Distribution of Carassius, Cyprinus, and
Gnathopogon eggs along vegetated lakeshores in an artificial inland-lake-type water
body: the Intermediate Channel of Yabase Kihan Island, Lake Biwa. Ichthy, Natural
History of Fishes of Japan, 63: 37-47.

We investigated spatial variation in cyprinid egg assemblag-

es along vegetated lakeshores bordering an artificial inland-
lake-type water body (“Intermediate Channel of Yabase Kihan
Island”) in Lake Biwa, Japan. Field sampling on 4-5 May 2020
collected 452 eggs (22 egg populations) from three shoreline
areas spanning 2.7 km of the original Lake Biwa shore that faces
the artificially reclaimed island: Area A (northern channel open-
ing; willow-lined, wave-exposed; 124 eggs), Area B (island-shel-
tered side; calm, willows and other trees at the water’s edge; 153
eggs), and Area C (southern channel opening; backed by a deep
reed belt with willows and other trees, low wave influence; 175
eggs). DNA-based genus identification of 176 randomly selected
eggs (eight per population) assigned 33 to Carassius, 46 to Cy-
prinus, and 77 to Gnathopogon (20 unresolved). Species-level
analysis identified Gnathopogon caerulescens (n = 63) and G.
elongatus (n = 3) among Gnathopogon eggs (11 unresolved),
predominantly from Area A. Carassius eggs, mainly from Areas
B and C, included Nigoro-buna (C. buergeri grandoculis, n =
3), Gin-buna (C. sp., n = 10), and Gengoro-buna (C. cuvieri, n =
15), with five unresolved. Cluster and non-metric multidimen-
sional scaling grouped egg populations into two compositionally
distinct clusters, one charactered by Gnathopogon and the other
by Gengoro-buna, roughly corresponding to Area A and Areas
B+C, respectively. Pairwise PERMANOVA showed significant
differences between Area A and Area C, and between Area A and
Area B. Wave exposure, interacting with shoreline vegetation,
was thought to be the primary driver of spatial segregation in
spawning taxa.

EEMOWREOMAER X, A#EAEORETH S =
d v 7 Carassius buergeri grandoculis Temminck and Sch-
legel, 1846, %> a1 7 Carassius cuvieri Temminck and
Schlegel, 1846, K€ 3 Gnathopogon caerulescens (Sau-
vage, 1883) %, FEEIC DB EMHE THRATET 5 AARTERR
D A Cyprinus sp. (Mabuchi et al., 2008) 7% & HY e I
e LTRIHLTWa. Thb o aA RHafEIE B AEED
HULTED, EMSHEOMEINAICR S LifE DTS T
B - NI KR I EA U, sk < I3 % 7kE -
FHTKAEYD D HE 220 F FFADAR IR EITI 2 FEA DT % (i
f, 2013). EEEWHITIE EDHFEE < H S OHRIENRT
HH 100 FLLEICDT B HIEROLEDH B, 7T HIE
1987 4EN D, FETIE 1996 FEM D, T 1F 1980 4
K, 19931994 4, 2004 -0 3 BRFE TR L CHAIEICE >
TWa (R, 2017 5 B3 - ARG, 2017). SO K S 7&K
W, BREHOL Y FUZ L (BREEE, 2020) 60T,
ArERI@GMHEHIAK (CR) I, =dn7rer Yy
dnu w7 FiEAEEEIR B (EN) 1C, E&EWIOMmkaA(
(BERIO 1) SO ND B 2 i@ kR (LP) 125
YITENTOS.

WEEN SR UK E UTIE, FEsfkEym ot 4
27 FINA Micropterus nigricans (Cuvier, 1828) & 7 )L —F )L
Lepomis macrochirus Rafinesque, 1819 IC X B fiEICHIA T,
BB EHTE (1972-1997 ) DOWIFEHRAERIC K > T
GUIGRRMIEE N, & I & It > TREIN ST &
A, N, KEANO7 72X GEA - #1) A
HEINTCCEDWRESTELIEEZALNTVS (I,
2013,2017 ; B - FIG5, 2017). HIERZEIE S 3720
IiE, YOREOERERICINA T, PESNVIRE/RIGIT L 2 2D
70w AR IR« BIE T B T EDRETEN, ZhkR
SRR PESIG T 2 BPRANC IR S « BIIE T 5 72oIcid, 9
EHBUEDRFEING T, fafiz Xp U CREdmikyl 2 it 4
5T EMNETHS. HEEWKRICEBI 2 aEZXE] LTz
FESHE A DRI (&, DNA R[5 2 - 7 BEAS IR O 53 A1
PHEDNENTHS GIHBRONE=ZZR). TNETIC,
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Fig. 1. Location of the study area. A) South Basin of Lake Biwa. B) Study area (the Intermediate Channel; dark light blue) examined
in this study, located between Yabase Kihan Island (orange) and the adjacent lakeshore of Lake Biwa, and the artificial inland lakes

(dark navy) shown for reference.

MEOI T (BRI, 2021, 2025) RiAREOYFF [%
JUINY F 3 Salix chaenomeloides 1325\ @ FBHIZ A (2020,
2023)] (LAR%, TiABEOYFF % TRy S F) k2o
NAETHWS), BIUKIKE (BHIZD, 2024) 13
JBIHEREDZENTVEH, WICBD 2 HERIE E
VAR

Wil & 1%, EBEMNO—BTH - ks, THFICK-

TEHEBMEWMTONTHN L LK E o728 DD, Bl
FEB KIS CTHEN BN > EF0/KETH S (1T,
2005). A& (2005) (%, EEEMOBIKD RGN 2B
HL, Frdow 7 eRryeEnai3Ehni-Hic Niliic
BErd 2 TEEW - MBER ] i<, —doarFearid
ZHERIC KB EN T 5 TEEESTH - PR - ZKEH R

WKL, chuckiI< e, Al hsEEHEE
O 4 FFENFEINGET & U CHIF S % Ak & 5T &
%. LAL, 1942 4EM5 1971 FEICHT T, Wil =7
JEHIE K DT DICRAZ I T E N, 1940 0 5 1995 0D
MICHRTEIRED 7 70D 6 DHA L, BIUETIEGFHARET 4.25
km® O 23 7 D> TV BICT Ex (FEEF, 2005,
2008).

—75T, FEUNGFTOBHEEL Y Vv ABEZ L5 LT

EBE MR EHFIC X 2 WFERO-ERE, 10 7 FTD NEW
M (GEmRE L1 km®) B4R L (P, 2005). %

DIRAKDE DM (Fig. 1A, B) OHFEOERTICH S
Lﬁm $(0.345 km®) (Fig. 1B) Tdb % (IR, 2013). X7z,

CEEMREHEREIC KD, 1973 05 1981 FEITHT T
Lﬂ%a¢$®%ﬁM®WEAIEF%ﬁﬁMEJﬁﬁ&
N, TNEITCOEEWR & ORISRk TH 2 [
M7kg) MEEAE U7z (Fig. 1B). ZOTWMIE, HHTLEZ
BZ, #90.6 km’ I 5. EEEWIEA O3 A R OREIE
Diedicid, chd NTIEKERS, < TR ENM
B LTEETHD, ThHICDWNTE, HEIGTE
LU COBURFHIiZ A THB L pENHS. Z T TARIHIET
W&, KBNS O HREZKER IS 35U T DNA IR 2 v 7z
FEEMNODREZITo 2. AT, ZOMREZRET
%.

M EAE

AEM KERILE (A%, WIS Ok (2L
B%, HPRTKER) &, I & e EEEMRICEE R Nk
T (Figs. 1B,2), /K&EEH 2m THS (JIFIEH, 1983).
CONLEIEHFR TIETERE N2, PRVKEBO S
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Fig. 2. Species/subspecies composition of the 22 egg populations marked on a Google aerial view (April 28, 2024) of the Intermediate
Channel of Yabase Kihan Island. Names of egg populations (Gxxxx) are listed near each pie chart. For the number and species/
subspecies identification of eggs analyzed in each egg population, see Tablel. The yellow dashed line with arrows at both ends
denotes the three study areas, A, B, and C. Area A is characterized by willow growth along the shoreline with high wave exposure
from Lake Biwa; Area B has willows and other trees along the shoreline but experiences relatively calm wave conditions; Area C
features a well-developed, deep reed bed and is subject to little wave influence.
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Fig. 3. Close-up views of each area in Fig. 2 and species/subspe-
cies composition of eggs in each area: A) Area A, B) Area B,
and C) Area C.

I OMFIEENT U2 SFAR CIHENTE D, FEINGAT & 7%
ZIKEDER MR IZFE LR, Lieh > THEEIND
SRER, TTOEENRHITIT> 72 (Fig. 2). ZOillFE
fOUNOWOEE EH TR 2.7km) 13, EBENREETIC
K OHERRENIMFRE GIFIER © Fig. 1B R 1I<ih->
T2 DN, BUEOR LRSS b OPHROR AL
EICHDWTRD 3 DD 7HXATES (Figs. 2, 3).
b IUChEd 5T 77 A(Fig. 3A) DilfiiF (1) 0.62 km) (3,
EEETINCN U TR dEPEANRIAAY D I BT U 7oK D% EL
DESTHY, EEMNLORESXHEAL, HEN
WIFRCRICvEb N 2 Y FFHEF LT3 (Fig
4A). TV 7 B (Fig. 3B) DOifiE (F1.66 km) &, K
TOIKERICIFY FFRT I DY 3 Y Taxodium distichum 75
EDORBIARDER L TWED, EEEINON U TERmIED R
HICHIz5728, TUT A LBES> TAMOMIEDRE
ZIEE A EZITIT (Fig. 4B). TV 7 C (Fig. 3C) Difl
B (F0.42 km) &, MOV 7K, VFFHEOBAD
AEN3E00, FVEEIHECGERT (F50m) THE
LTV % (Fig. 4C). EEEWNCH U TR 72/KE TR H % 5,
TV ALHARTHOEBEHELS, 0wt I T

Fig. 4. Lakeshore landscape photographs of each area: A) Area
A, B) Area B, C) Area C. Photographs were taken from the
opposite shore at Yabase Kihan Island on 16 January 2026.

W, EEMOIRIEIY 7 AlZEITIEALRY. &,
FrEMNRAEYI DA A NF 2 X281 Ludwigia grandiflora
&, MNDECHEEREBGREZHBEENTVED
(Godfrey et al., 1981), TV 7 B & C TIX, BELUKIC L
KX SCEEMNRSNS BIAE, HPED (20200 DX 2
k4],

RAEBEEEDKUZEEILIEKE D3 DDOTY
TITEWT, 20204E5 H4 H &5 HICESINDORER LR
HziTole. WEH X TOKN EFEKEZHET 2729,
4H14HMS 5 H S5 HETOMBICDOWT, EEMI/KAL
DO HZE) & REFTOMERT (5 Fig. 1B) B3 % H
fkEZ T —ZX—ANEHIG L, 75 7k Uiz KhiT—
2%, IKOKBET—2N—X (H1z5@d, 2025) O [
RO A RMER ) D HEEED 20204 HE 5 HDT—
2 EHFF L, B HOD 24 RDfiZz 7 DOHONREMEE Lz DK
DXL E LT, BEINBITOFE MGG GEETE
NI S 77T A 84371 m) 25k & 9% B.S.L.(Biwako
Surface Level) WHWSENTWVWS]. HEE/KEIIDWTIE,
KETHR—LR=Y (KGT, 2025 O HEDKET—
AR MO RFHD 202044 AL 5 HOHZ L Ofiz
MR LT L.

EEIDORE /Kifnik < OREYIARICATE LTV ES
e HR TR UTHEFTEREL . SR - R Y = —
X —Jg X DOFEHTITV, INZFE R L 723501 Tld GPS bk
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GPSMAP64s (Garmin) THZEREE DR GHFE SR FT
AR 3m DIN) ZRlET B & L bic, TORERMENS
F O < HEPHT 8 HLL EDIIZEREE L, K2 AN7z 15 ml
DT FGAF v 7 Fa—T I ANTEREICRbR->7 (8
ZE>TWBINIIEII L HIW LERE L ah o 72). TDX
IS 1 i BAGTe—REDIRZ THRRE) LT, Fa—7
CTLICGZHELIERDHFSZE DR 7. GIOREIC
HIco T, WEIRORRIEHEF T Gl =58 31-87
=) ZHiT LTz,

SIS DNA M  SEE=RICH B> 7200, ZDOH
DS HBIC99.5% TR/ —)VCHEE L% QI -30°C TR
BL, %&H, AxAfE% DNA#hiF > b Ver2 (1%77)
Z VT 1509 D5 DNA Z#lith U7z, flitHoxg e L
TeOMESINEEY > TV B T >V B IS 8z A T2, 7535,
HHAEZED R D A T v 7 Tl Protease K (Promega) 7
WL TR N7 H O 2@ L, sl X/ —
JUTREE (Hily - P75, 1995) CHICHRIL /2.

DNA f& (EEfE) B LdDOX 51U THREL N
DHICIE, 7 F )@k 31l - HEDIENIC, aAED
HALERR & RPEE AR, XERa@oXxEna
Gnathopogon elongatus (Temminck and Schlegel, 1846) & 3R>/
T3 G. caerulescens (Sauvage, 1883), X 5T X HJmD
YJ & 73 Ischikauia steenackeri (Sauvage, 1883) DIINEF E
TWBHEENEN S % (Mabuchi, 2016). ARWIETIE, 2
DT DK S BINTONTHRK fMEHHIT B 728, I b
OV RYUT DNAZZ—7y b & Uty o MRS 7
FAX—IC& B PCR 1 (J&) HIH (HEIEKFORS D&
WTHRD ZEEENICHW . &, —duyreFrT
FIEI P2 RFYU 7 DNA TEXBITEERWTED, TD2
FRROHBFNC DV TIL, Mishina et al. (2014) I L7z
A oaY T4 FERRINC K27/ LMEEEEE (=3
07 FE 2 A, FUTHIE 3B IKEDWTHEIL
Te. % AT v 70O PCR HIFICIX LifeECO (BioER) & 7z
(& Thermal Cycler Dice Touch (TaKaRa) ZfH\y, < b3V
RV 77 DNA Qg OB LkBIRNTIE 3% 7 Ha—
AT ET100V, 15 0ORMETITY, A XAY—A—I
& 100 bp DNA Ladder RTU (GeneDireX) Zfiffl L/z. %
o, 7O A 70T T 5 B ZRENICIE, ABI
PRISM 3130xI Genetic Analyzer (Applied Biosystems) % FH >,
P A X< — 771 —1C 1% GeneScan 500 LIZ dye Size Standard
(Thermo Fisher Scientific) Zffiff] L7=.

ERMOI) 7HAEHEN INHC L (HH0iIETY
7)) O E T DMz 5728, IO
(HifE) MBI OFEREE LIC/8 75 772 ERR L, HilK (f
S, 2024 424 H 28 Hilki) Licxwv ¥ F U7k
A7 5T DOEFE, F—OEFEZHCTITbNik
1T L DR EARGCT 2728, KiMEH (2019, 2021,

2024, 2025) ICHEHLU 7z, #EREET —XICHED v ¥
> 7 1E 312 1& Google Earth Pro (ver. 7.3.6.9796) (Google,
2024) Wz, v €V T R TEEmG LT, W
FEOBRBEICHDOWT Bl 3 DofEE, (=Y 77 A, B, ©)
DR ZRE U, B2 ) 7N 7)V—T70F Ui,

SPEEDELIEICED BRI SR D AT IR R
MO FRZ LT 5728, #HEY 7 FR (R Core
Team, 2019) ZHWT, 1) 75 AX—78ic X 2 BTEX
TERk L, 2) JEEFRZROTREMIE (NMDS) I X%
RN ZIT - T2, WfENTIC B T2 IR EER] O BREEFTH1)1& R
@ vegan /N /7 —3/ (Oksanen et al., 2019) D B% vegdist
ZHRWTER L, fafEH OB E R EUIC & Chao 155K
(Chao et al., 2005, 2006) Z{EH L 7z. LI DHIC Sz >
T, AFEHRID S22 WD DNEPETUNKII Lish >
TeONM—E R LTcTe®, fafihT 3V —DHHEZ1T-
z. £9,7FETIE, =du 7 (F2:MEHOfMMELIE,;
Fig. 2 DLFIZSHR) &F 27 F (F3) OHHINTE K->
7280 (FX) WY ED -T2, TNSZ—DDIAT
dV— (F23) iIck s, rrdav7F) (FG) Ld2 A
TAV—ICBH LU, a0@0 2R/ (KW LKD) (3,
MEDHFINTE A o720 (K) DH->Telzsd, 1 DD
A17d)— (KWD) Icx ez, ZEQIFDIHDS 5
METHRITEZEDODOARE IRV ERT (MH) O
Dz Tz, Z2F0 2 (MT) & DOHFIMN T EZh - 7280 (M)
LI ELE®, ThHEZ2 1 D047 dY— (MHT) IC
FeBl. BOYRINTEEN>TZINE AT TV —D5ERR
WD T, IREORALIEDRIEIC I, 7> dn Y 7T (FG),
Zh o7 (F23), 21§ (KWD), £ 2§ (MHT)
D 4773V —OHRICEDSN T e

VSR Z—4h LEITR S NIIRER O FEE T A
5, R D cluster 73—’ (Maechler et al., 2019) DRHE
helust Z2 VT, BRI ORALIBI R 2 2 S B X Z /R L
. TORICHEEDW TR E NIRRT )V— T IO
T, LR 5457 dY —7% IndVal 7 (Dufrene and
Legendre, 1997; Baker and King, 2010) THiH L7z, C Ofi#
#rid labdsv 73w Zr—37 (Roberts, 2019) D44 indval 7%
WTATYY, #EHNZRERKEER 0.05 & LTk,

NMDS JEIC L BT RT&EN LAl HIc AT,
R @ vegan /N - — T ORI metaMDS 7 T, SUNEE
e ZOOe T BICEE L, 51, RonEIc BT %
VTEEDDEETZET stress i (0-1 OFIFADIHZELD,
INEWVIEEETIEE ODBEY 5 42, 2007) 72 BHE stress T
FE U Fiz, BEienvit Z WT, RINEEE S AFE
Ch7dV—) oMz, Z2oe i B2 Bb
ELTHE LI (NI Z—fikfr). X7 FILD A&
FERFOZROEIEEN RO KE G AMZERL, EXIE
FINFEOEREE OO E S 2K 9. WO 7 RTH
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Fig. 5. Daily precipitation in Otsu City and Daily fluctuation of Lake Biwa water level from April 14 to May 5, 2020. The water level
for each day is the value observed at 24:00. The Lake Biwa water level was calculated by averaging the values observed at 5 re-
mote points in the lake (Katayama, Hikone, Ohmizo, Katata and Mihogaseki). The Lake Biwa water level data at 24:00 every night
was from Water Information System (Ministry of Land, Infrastructure, Transport and Tourism, 2025), and the daily precipitation
data at Otsu City was from Japan Meteorological Agency website (Japan Meteorological Agency, 2025).

REDFFEIH A R 75 5 D 2 WGIE S B a5 fi#fTid, R D
pairwiseAdonis 73 77—/ (Arbizu, 2020) DRHEY pairwise.
adonis % >, pairwisePERMANOVA (PERmutational Mul-
tivariate ANalysis Of VAriance) IC X Df1o7z. A ETXRT
DfEHENTIC BN THEUKAEX 0.05 & L.

#w =R

AEBE TOKN - FEKE FHAEHLATO 20 HEOEE
Bk & BRI Fig. S OO T, HEHD 2 E7
Wi E CHEE AR AL, TOM—ELUTKMIIET Uk
I}, BS.L.T{20ecm H5 10em LU FICE CTEFLTZ.

SREEODIFEE - JREM S 27 HSIC BV TIIDOHERET
W, 9B 22 M TONREZ R L, 1 IS 1 ONREE
PRE LTz, B OREERE PR H 13 Table 1 O3 D.
TVU7 AT 6HLZHRR L2 TOHEITINEE (G1992,
1993, 2007-10) %, TV 7 B Tl& 10 M TIELR L 7 Mgk
THIEE (G1994-2000) 7%, TV 7 C Tl 11 i CHEL
9 M TUNEE (G1989-91,2001-6) ZEREEL Tz,

EENOAEEAR FELZ 2 DIIFHCEENZ IO
BEHE 452 72 5 72 (Table 1). 5 B 176 fHDOHIIC DN
T DNA fifric K28 (Hiff) Hhlzirofcc s, =3
17 (F2) A3l (1.7%), F>7F (F3) AV 10 i (5.7%),
HZEDOWT NDHRITE D> 7200 (FX) A5 i (2.8%),
Frduw 7 (FG) M 15{H (8.5%), =1 D HARTENR
R (KW) BV 15 (8.5%), KBEE AR (KD) A 26

(14.8%), WHEDWTNNHRITE a7 (K) A
58 (2.8%), krETI (MH) A 631H (35.8%), XE
7 (MT) 23348 (1.7%), W& DUV R T E 5>
72un (M) AV 1LfE (6.3%) CHIES N, EO¥HIE TE
o7z (UN) D201l (11.4%) Ho iz,

TV A TERESNIING 124 AT, 55 48 &k
HRI U765, Fo 7R 28 (42%), KrEmah 32
(66.7%), ZETIAM2MH (42%), WHEDOVTNHR
BHAY 7 i (14.6%), J& & AIHZRIIAY 5 1 (10.4%) 725 7.

TV 7 B THESNLING 13T, 5B 56 %Mk
HRIUTEAS R, Fo 7 A2 G6%), che=—da”
FOWTNDAIAD 2 i (3.6%), 7>dayr7Fh 5
(8.9%), IADHARTERRMM 40 (7.1%), KFEEAR
A 10 (17.9%), WEDWT MR 4 (7.1%),
RUETD AN 23 (41.1%), ZET AN 1H (1.8%),
JEAREADY 5 (8.9%) 72-7z.

TU7 CTHRESNTZINE 75T, 55 2%k
R U 724558, = dua 703 @ @2%), ¥ 77
M6l (83%), Wi#EDWTNMNAHMN3IME (42%), 7
ydaw 7 104E (13.9%), T4 DOHARERRHD 1
il (153%), KFEEARMSED 16 i (22.2%), WHDWT
NN T (1.4%), " EQaAMn s (11.1%), <
NeEZEOQIADOWT NN 4 (5.6%), JEAIAD 10
@ (13.9%) 7z2-7z.

SPEDELIEICE DB AREHROBLUZICED
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Cyprinid egg distribution in an artificial Lake Biwa channel

Mabuchi and Nishida
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Fig. 6. Dendrogram of 22 egg populations based on the simi-
larity of species composition. The similarity was calculated
using the Chao index, based on the following four species
categories: Nigoro-buna or Gin-buna (F2+F3+FX in Table
1); Gengoro-buna (FG: Carassius cuvieri); Cyprinus spp.
(KW+KD+K); and Gnathopogon spp. (G. caerulescens or
G. elongatus; MH+MT+M). These categories are indicated
by F23, FG, KWD and MHT in Fig. 7. The labels under the
names of the egg populations (Gxxxx) indicate the collection
areas: solid triangles, Area A; crosses, Area B; and open cir-
cles, Area C. Groups 1 and 2 were clearly recognized in the
dendrogram.

SHIBED 7 5 AR =M1 Tl B 2 7 )V— T HVGRak &
N7 (Fig. 6). Z)IV—71IZET V7 A TREINEE
TOUNEE (G1992, 1993, 2007-10) £ U7 B£7ZC T
REINTZ4DDINRE (ZNZ N G1998, 1999 & G1990,
2001) MEEN, V)I—721l3 V7 BEHIXC T
BEINTERD D RIFENEGEN TV ZhEND T )L—
TR BT % faffi % IndVal £ TR & T 3,
I—7 1icidZ€Eaajg (MHT) (IndVal = 0.89, p < 0.05)
M, ZI—7212iFa+4 (KWD) (IndVal = 0.83, p < 0.05)
LAy dr w7 F (FG) (IndVal = 0.41, p < 0.05) A5t
e LTI ns.

TIN50 2 7 )—T1C)E LIZBifEE NMDS T8 Z T
LW PEICECE Nz (Fig. 7). stress fiEld 0.01 725 7z,
SRREORLE & fafdi 7 3 — DM R T Z—fifk TR
el h, BRICHEOSZ2fEHTI)— LT, 7
V=T 1O miciEZEnalg (MHT) 2, ZiL—72

I 61990
oo S o
o G1993
o Group-2  Gzo0s KWD
o
/
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/ X
S 71
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Fig. 7. Ordination plots resulting from non-metric multidimen-
sional scaling (NMDS) of 22 egg populations based on the
similarity of species composition. The index and species
categories used to calculate similarity were the same as those
used in the cluster analysis (see legend to Fig. 6). Each plot
is indicated by the collection area markings with the name
of the egg population. Species categories [F23 (F2+F3+FX),
FG, KWD (KW+KD+K), and MHT(MH+MT+M)] are plot-
ted as centroids with respect to site scores. Vectors indicate
directions of increasing species gradient and strength of
their correlations with site scores, all the four vectors having
significant (P < 0.05) relationships with site scores based on
random permutation tests (999 iterations).

OFMICEFEICT yduawT7F (FG) MifiEni (Fig
THONY ML), TV 7 [E TR O R A 2 %
7% pairwisePERMANOVA Tt L7z & T%, TU 7 D A-
ClL A-BMITZNETNEEZEVHMRIIE NIz (Table
2).

zE E

SREICHBITBREEE SHgEZIT o METIE,
—duaJJ, FrIF, Frdaw ), aAf, kUER
O, ZEQaOmSRiEn. Fr7FexEnakzR
Wiz 4 fafEE, M (2005) AVERRR L - EEEA KD
RN TEEE - NillEnERy ) (> dav 74, Ry
Too) & TEEE - i - kA (=dva 7 g, ao1)
I ENTAMIETH D, NIERE TORER R L

Table 2. Pairwise permutational multivariate analysis of variance (PERMANOVA) for the difference in species composition of egg

populations among lake shore areas.

pairs Df Sums Of Sqs F.Model R’ p.value p.adjusted
Area-C vs Area-A 1 1.581 7.008 0.350 0.006 0.018*
Area-C vs Area-B 1 0.290 0.979 0.065 0.407 1
Area-A vs Area-B 1 0.721 6.113 0.357 0.013 0.039*

P-values on the right are Bonferroni corrected values. *P<0.05.
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LTI, CORBEBRENEST.

ZEBICDNTIE, Ml (2005) T T - 7kH
B ICHBEEINTOT—EBAENTED, T8hEHICES L
IKENCHEN T 2] OKHTEINYT %) ELTWaDT, T
DEFERSFHONR LI —HLE». —7, ZED Iy
WERITDEIE S A Ut OEEWF TRIlE Ty
% (BHNZEAH, 2020,2023). HFHiOMRETXED IIPN
e & K B E NA BB OMETHE, RrEOa L O
DOREEME S FH THHROBRENETH 5.

FUTFIZOVTIE, My (2005) THHF A [alEkE
DEAT IR ENTOIEND, KHTESET Sfafis L
Tidid LD [P (2008) TldxEra k(6 URhlEZ
A TEHFEINTVB], INEZXEOIMRE, 5RO
WEIBEL AW, LML, Fr7-ommg, iz
BEINETOWREFATERBINTE Y (BN
2020,2021,2023,2025), TH 5 &KLY Gl T
PEINT 2 THZEEATIVEAS.

SRR - REDRAAZI VT ShBH SN fafEo
BEEMCB 20N, —da7+r»s5H, r>d
a7 Fms-6H, RrEQas4 H Eahnd e H A,
Zeruah4 A s 6 H EATH O (A, 1969),
CNEOHIED ST 2 &, ThEDMFIC OV TIEA
W O R 7R FEON R AN DI T2 o T 8 5 X B,
=77, FrTFOEINER GEEREE N THWEY) &
4 A By, BEEWORIRO A DOFEIHIZ ST HESh
TW5DT (HF, 1969), F2TFITDNTIEHENK
PEUNEEH OO, T IOV TR ZOYIHOFR TH >z &
5A5.

Ko, BEWICEIT 2T YO A OENTENE,
WBIcEL, A vyday 7L afidkmBoHik
BICBVEEINTVASD (B, 1969), SEEHEZIT>
TeHSCEFEH O 14 Hai (4 H20 H) £THlSARne
EBRIFHFEKED 2 mm & ER% HAEh -7z (Fig. 5). JE
I SRMEE cORKIX, Frduay T Frh 46 H CKH
(2024) :7Kk{ik 20°C fi13k], = dw 7 F A 3-10 HIF E (%R,
2024), FrT M5 H R (1969) 5 A, a4
H [fie (1989):7kik 20°C], sk £ ab¥#y 12-15 H [
W& (2016) OZHKE FORIFAK D 5 HWJD O],
ZETIAN5-8 H (Hh, 1969) LW SHIED ST 3
&, SREELIIOS b7 HERP A BT ZERID
G, B & IEBIRR VR A 2 VT THEAFT SNz &)
WiTEs. Lch-> T, KINEBEOEHMICHE LB,
Ty adn 7 a4 OIS n & O EEE TRt
SNBZAEND DS, —J5, FERICDOVTIFEE
TOHEMDNEWY, 14 HEiORKENKICEATITF 5N
FIEEENTWIATRENED D 5.

SR REEROTY) 7RIOM@ER IV & O K

BV U Figs. 2,32 %E, VU7 A (Fig. 3A)
TIE AR ERINMNE LT RIREOAN SN, 5
Mpic, VU7 C (Fig. 3C) TR 7 F & aA ORI
ZH&HTWe. VU7 B (Fig. 3B) Tl&, WO A
& CTHH U AR DOINEEN E I 2 DT DHBIL
CRyET PN 5755 G998, 1999 & 7 F « TALHIH 5
7% G1997,2000), HORETIGIE IAGIH 572500
T (G1994-6) & HHN, 2L LTIUTALCLED
AR 2 R > T Tz,

FafEH RO L TD Y 5 X Z—0H1 (Fig. 6)
T, WBRICH R 2 D07 )V =T n, Jv—
TUIEFEICTY T ADINEE, J)V—7 213 FIczY 7 C
DOUIFEN S0, TV T BOUIRHE 7 IV—T 112 DD
GEEE (G1998, 1999), % )L—7" 21T 5 DOYIEE (G1994-7,
2000) AR D 3 SN Tz, IndVal B K O I U7z 20—
TOfEEAE (7 dV =) XV —T 1 zEndg Ok
ok reEnaa), Zv=J2haqserrdav >
THo, TORRZLETHABLISA TS TDIYEV T
FEHR (Figs. 2,3) LXK —HE LTV

SUREREAHLRL OO NMDS fi#hft (Fig. 7) TH 7T A X =347
EFRED 2 DOBULLT IV —T NG E N, N7 BV D
KR, Wi 70— T ORI B fafdiify 7 31 — B [ARET,
TN —T1HnE2ETIE (MHT), Y)V—T2W7 3
o 7F (FG) 2oz, TV 7 R CHIRE ORI A ix
% 7% pairwisePERMANOVA THEEHICRIT LTz L T 5,
RUETQONNMELET TV T AZ, TF - TAINE
HEIT5TU7CE, EHICTT « OA A LR B
$5TY7 B ELOMTHEREVDREE N,

DEO#MRZXR DB EROKHITED - SR O
BICE T 7 IS D, ZVU 7 ATIEERERO
DI, TU7 CTRET7F - aqHhELL, =UT7 B
TIEHINEHER (PP 7 CHD) TThoaED
IMHEI L7z, V)7 B & C TEZWINREZ RN % A
M3y yduay7rTths.

BIVT7ONBLEEREZRODIFRRTER LINTIE,
SIRFORFHI DR 2, &1V 7 OBRESEMF L I LT
RERCE

TV AlZ, EEMISOIRNKHEAL, FEER
IIFARTTA IS TE b N By FF 02 < (Fig. 4A), K
VEOOAMES Uk (Fig. 3A). hiE, R ETal,
EEEE TSR Db NS IIEY F FOIRIC K < PEIS %
W (EMIED, 2020,2023,2025) & —H LT\, TV
7 A GHRIKER D —ERTEM, PHREE O L TIEWNIMINT
<, RN EENRIOGIWVERBEZ LM T X 5.

TV CR, BITDH %I 4L AR T
HBT ENFHYT (Fig. 40), 7F a1 5ihME 5 L7z (Fig.
3C). I OHIH OBIARDIRITIC a1 R ER DN
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(G1990, 2001, 2002, 2004, 2005), BARUKIEICY > da DT
FBE (G1989, 1991, 2003), I v#ilic=du 7, F
TFE (G2006) MZ L HBILIA, BfaFEDOIIO HBIER
B, BERO BRI Ia0iiEk 3 o, BRI UMY -+
I BEEEE (BHIEH, 2020, 2021, 2023, 2025) & &
{—,d%. L, Frdaw7Fiik, BROXS 7k
FEAEA NEROBIROK T Cld7e <, E@OMlFE Th NI WD
15385 AR O] TR Nz, AR OH
WISFBUKHZEF S GEHIEH, 2025), =VU7 CIEA
HEIRIC D O, BEDEN IRz DFEINGFT L Ro Tz & E 2
5N%.

TU7 B, mEEFHNEIY T TKEICHARNZ
< (Fig. 4B), SPHFOFEMHAK GO ) 7 DA E
D 72> 7z (Fig. 3B). KERDEIARIC A EORIR A DY
MEZNDIE, BRI THICBI ZEEROFAE GHHIEH,
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(G1997, 2000) D& Ntz IHIIC I O FF D 7l kA
Yisisy, RO & L TEIENZEEZ 5N,
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ZHEIR T 2B, WRKERD & DATIEIC £ OREL 72 %
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TR EE L. TU 7 B« COMFICT VHEERT
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FEINC R % L AT E NS, 272 L, TV T A ORI
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HER) ] CEEIOKES) &, #RINZ R LTHS
IERHEFOF N 2002 FFICRRAE L/ D THD T L
ME (B, 2024), ZOHERIERIC K D &R SR
ICHERT 8N DDH 5.

WEEIR O TR Y 3 ) GEEIR, 2013) T,
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LTI TV A, HRKERIENIE L TRbh Thian
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