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Horizontal distribution of chironomid larvae and genetic structure of Chironomus plumosus
population offshore in Lake Suwa, Central Japan
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Abstract

In the shallow and eutrophic Lake Suwa of Central Japan, water quality has been markedly restored since the
end of 1990s, and the chironomid larval community in the lake may have changed accordingly. The objectives
of this study were twofold: to clarify (1) the current horizontal distribution of two chironomids, Propsilocerus
akamusi and Chironomus plumosus, in Lake Suwa and (2) the genetic structure of C. plumosus in the lake. The
average larval densities of P. akamusi and C. plumosus offshore in the lake were 900 and 600 individuals per
', respectively. Relative to the findings of a 2001 survey, C. plumosus larvae increased. Eight haplotypes were
recognized in the cytochrome ¢ oxidase subunit I (COI) sequences of C. plumosus larvae offshore in Lake Suwa,
while more were found near the lake center. The phylogenetic tree based on the COI sequences suggests that C.
plumosus specimens in Lake Suwa were of the same single lineage as those in several other Japanese lakes, while

they diverged from the lineages of Russian specimens.
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7T, WOWHSIK TR BWEOSH L BEEZFT, £, WHCRTL2ELEEO—D>THS
FAZZY) BZONT, BEAFEEOMEHZ R AT, 2013 43 AT, A D 17 M TREEZ 1T - iR,
FAIRAY BT H LR T OEROEHFEEX, ZE4 600 EE m?, X000 @k m* TH-
Too HEHRICRB T ABEDO R Y B HOEBBEEL, WMOKENPLE LI DT 2000 FRHEHIC b
NDLRREML TS EHEE SNz, HTHLA AR ) DEROBIIHTEE CTh -7, Wl o
FAZAY BHBEIZONWT I b3 KU T COI (658bp) DOHEERIN & MEHE LI-FE, 8 oONTu X A
TR S, KEBRRNHSIEELL ONT a4 TR RN, TIFHEAA R Y B TORFI,

FIRRESEEWE 2 B0 Mo A ARED A2 ) I & I3 THEEL L TWe s,

VB EIIRESE R ->TV,

v TEOF AR

F—TO—R:FF2RY D, ~NTrFAT, BERREE, KT, ShREE

(2016 4= 3 H 29 HZAF 1 2016 46 A 27 H%ZH)

[FC&HIZ

EBEOWFHWITIE, 1990 FER DD 0 2 HAE R
wEL (BEFIR, 2015), ZhicfE-T, 7AaoRAg
BRI T 278, EMHEICRERBBBEINT
W2 (AR - Ak, 2005 5 RS, 2010 5 #h, 2009 5 =K
%, 2015 ; Hanazato et al., 2009 ; 7Kl - 4K, 2009), F
7z, 1990 ERAETHE £ THH 26 KEFAE L TV K8
22 A FEOARE~ DT 2 S WL L 72 (K H - FHf,
2009 ; Hirabayashi et al., 2003), IT4F DA TIL, s
B BIF R KE SR SN TWDIC b b b, T4
DFAERT RIS THEMEmICH Y, 22 ) B
OEHBRFEE D, WL THEIMERICS D (BN KRN
EMRAEBR 7V —7, RFEE ).

WMBRICRB T DEABYOFEHE=F ) LV IRET
X, WLoETHekErREIE TV IHEREZL<
( #1 Z.13 Jonasson, 1972; Iwakuma, 1986a; Iwakuma, 1986b;
Frank, 1982), TN E CHFHWICTHLRIETH -T2, —F,
WA TIX, EEOWAKBICHE - T, EABWEE,
B2 2 U BB O DI D /85— 0% D FEITKIF
MR b PRSI, RIFZE T, MHaiick
2R BHICESED T, TFEODNHETDBEES
HLNCTDZ E2HE LT,

WA CEET D22 A ) WEO—DOTH DA A
22D BIE, HEFENICGREOSZWHEETH D, hE
DA A=A Y H Chironomus plumosus (Linnaeus, 1758)
MMZ T, FEENSEET 2T, B2
TR SN AL HMESINTEY (Golygina et
al., 2003, 2007), ZHABHIT—EL T, EROA AT RY
# Chironomus plumosus, % 5%, F A3 AV B FEEE

(Chironomus plumosus group) & LTI 5 Z & B3% 0
(Moller Pillot, 2009) ,

AT, S OMERIRGLEARDIFFED B Chironomus
suwai Golygina and Martin, 2003 23 32 # < 4L T\ 5 23
(Golygina et al., 2003), & DR FEFHEFITIRPTHD
(Kondo et al., 2016; Moller Pillot, 2009) ., % Z TAF%E T,
Orendt and Spies (2012) DfFEFE T C. plumosus & [FE
NHEIDEFEE A AR Y L L (JEFED C. plumosus) ,
AT 2 BAEHIBED I EZHLNCT D &S
H OO EDE LTz,

HAEMDOFE

WAL, REROPREICAEL, REfE: 133
km®, BeRK/KEE 165 m, FHEIKEE4 m DEVE R E ]
Thod. WEDE, Wi, THGET, Mafio21
WTIC B E 4L, W RO 40 f5ICH Y 975 5311 km® &\
SIRWEAKEEZF TS (HH, 1992). WIKDEALITHK
DLIEHEPETEL R NBEBRMBEO—>THD (B,
2009 ; M, 2009).

WEHNC I D 2 2 Y BAHDHIFEE, 1930 FH0 5
BECEDLET, WIRICBITIHBREES, WrL0
BRI AR PE D LICFREE STV D (Yamagishi and
Fukuhara, 1971 ; F-4k 5, 2001 ; Hirabayashi et al., 2003 ;
B %5, 2001 ; Nakazato and Hirabayashi, 1998 ; Nakazato
etal, 1998), 5 Ci¥, Lake Esrom (Jonasson, 1972) <°
Lake Balaton (Specziar and Voros, 2001) 72 £, & 23
Tb, #Er il (Iwakuma, 1986a) P9 13 (Hirabayashi
etal,2011) 2L, BHEFICLLoT2RY HHHED
BEPREINTWDMRIED 25, HAREE R
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IZhlzo TR ) WEOBRT — % B3FEMICiisk - &
BN TW DB TR 22, SR L ICERT 2
FRaRY HEL, AARY B, THLAV2RY A
Propsilocerus akamusi (Tokunaga, 1938), 7 AA & /11X
Y 71 Procladius choreus (Meigen, 1804) 72 & TH YV, 4m
DBROMIETIL, ARV DWEBIRT I LX) T
DME EFEIC 72 > TV % (Yamagishi and Fukuhara, 1971).

MEETHE

2013 £ 3 A 22 B & & LilGh & o4 T,
KA OBE L HGFREMD oI, WOFRFE M &
AL TN &5 17 #is (Fig. 1;St. 1-St. 17, /K 2.7 m
~62m, EHKES3 £ L0m:WLIE St 16) ZREL,
Ty =y e N—= VRS ( FERE 15 cm X 15 cm?) 2
W, 1HLEHT20 2 — 4 RIOBREEZTo T, FEELE
L7z 3 A L, A4=2 ) Bshhiz & > THEHD
JULDERT, T H LAY DEHRIT E > TIHHEERTO
RHlcHz v, WifE & LIAKEE COHFRED 1 F T
L EWIRICH 72D (Yamagishi and Fukuhara, 1972) ., 7
FH S ORERE L FREIX GPS 2RI L TR Lz, B
L7ZEJRIE, 1[EZ &ich—"—x v k (NGG66, A
Yath A X025m) TEDoH, BE=—VRITANT
WL, ERBICEHBR -7, HbR-oilBHIEbIC
FAARN D 4SRRIV L, FO—HEEET
TR O T E L, EVIX10% RV~ U THEE

i E138 40"

MEE" 3730

L7z, BEE LT, #%H, EEBEMEET TKERES
B, BB, XU BEOL I T TREEECE R
7o. AV BEIT- DOV TIL Andersen et al. (2013) DR
FKEHAWTHIEL, =AY BJ& Chironomus 122>V T,
Orendt and Spies (2012) DIRFRFKIC LT3 - THE %z [FE
L7z, Eo¥IEICE, WD (1976) OIENE TO¥E R
YEME & W 2,

FATRY I OBBIIHEEZHALPICT 52O,
A 2 OB UT2RE 26 R O (<4 m, 2 1H
5 4-5m, 8fEMK ; 5-6m, 128K ;6 m<, 418K )T
DWTIEIE I 24T o T2, BT IC WA, @
R LI12995% DT X ) — )V TIRAE LTctk, 3BaE
Z W TH A (Kondo et al., in press) b L < 1% Gentra
Puregene Tissue Kit (QIAGEN) % H\»T DNA flitti 217 -
7o #IH L7 DNAIZDOWT 2 b2y RV 7i#EfsT COI
DI EIRICFEAT D 77 A ~— LCO1490 & HCO2198
(Folmer et al., 1994) % Fi\»C PCR Hilig 217\, HIMgHT
Fr DOEEES) 658bp DY —r L A B (T/2vv 3
> &5 LCO50898 ~ 902, LC096179 ~ 80), X 52, =
T VR TEOFF A IR, B, Bl
B EDIRIRIENSSEEEMN, ALSCEOATN A HERE LT
FA AN B HROREOMEEE S LAY, £ 60 f#
RO EEHZ DOV T MEGA6 (Tamura et al., 2013) 7
TA VAV N BT, 2L OEFNI, SEATHIFED
DI % OISR 7 — 7T L7z b DT, DDBJ (DNA
Data Bank of Japan, http://www.ddbj.nig.ac.jp/index-j.html)

E138° 807

Fig. 1. Maps showing location of Lake Suwa, isopleths of depth (m), and sampling stations.
1. AEHHNC B 1) D AT (St 1-St.17) OHEEE.
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D EERER AT — Z R— 2T - AR ST
% (AB740253 ~ 59, AB740262 ~ 3, AB838648)., 7T
TA A NDOFER, 658 bp BEEIC—F LIE A &
FMUANTaZAfFLL, 1bp CHERDIEAITELRD
NTaB AT L, e, @7 ay A ITONT,
MEGAG6 (Tamura et al., 2013) | X > TET VRN Z1TV,
T92+G Tl AL EZ W TRIB 2 /Epk L 7e, SRR
Y~ k= & U 1 Chironomus nipponensis Tokunaga, 1940
(AB740246) %AW Tz,

FAAEEIC I, AN LT, KEGE, EIREE 3em
OEEYEE (NEWEIL & UM ), ERIE (MT,
Mg 3 cm), EIRE LAKFOEFRFERE (DO), /K
(WT), BEX=EE (EC) BLUpH ZHIE LTz, £)E
REERE EAKORECIEAR TV 77— (BEA
) &2 MWz B EAKFOEC & pHIZEC/pH A —# (TOA
DKK;WM-22EP) T, /Kift & JEIR (X1 % & (Water Proof
Digital Thermometer; -50 to 300°C ; CE) % F W\ Tl L
Too E 70, dH% OE _EKIE, A 7+ THEMICE L,
AV T IETRFBER LY I Lz, EIROHEY
EROPEL, BEDLOFICANTRERZ 450C, 3
Wifd], BRI THEE, WEYIE L LCTHEIN LT,

RN & EABYREDOEE (ALTIE, VHIME
TEEREREEEL ) & OMEBBEKROAF EM %, Kendal
DONELTFABIRE (MEaF Y 7 b NAP Ver. 4, E%ER) %
AW TR,

BREER

ELBYREHEDOTIK LFRE
AR 31T D BRIE IR ORIEFE R Z Table 11278

Table 1. Mean values and standard deviations (SD) of
environmental factors and benthic macroinvertebrate densities
for survey with 17 sampling points on March 22, 2013.

F 1217 HEHEICB T2 EREERT L EEBYRED
AR FE (344l + YR 72) OBEZL (2013 4E3 H 22 H).

Environmental facctors mean * SD
Depth (m) 54 £ 07
Dissolved Oxygen (DO mg/L) 80 £ 05
pH 73 = 02
Water Temperature (WT C ) 84 * 06
Mud Temperature (MT C ) 8.1 * 02
Electric Conductivity (EC mS/m) 159 £ 07
Ignition Loss (IL %) 136 = 13

Bentic macroinvertebrates (Ind. No./ nt )

Total Oligochaetes 5236.6 £  3708.0
Total Nematoda 53981.7 £ 402725
Total Chironomidae 16549 = 614.1
Chironomus plumosus 5935 £ 164.0
Propsilocerus akamusi 888.9 =+ 595.0
Procladous choreus 1464 =* 137.7

L7z, 7Ki&, DO, pH, EC, EJEiRIL, EOH L TDH
FER—DOMEER LT, EREE 3 cm OXEEIL,
112 (St. 15) ~15.7 (St. 7) % O#iHEZ RL, £ 17#
JOWHEIX 13.6 £ 12% CThH -7z (Fig. 2). EIRE
TXIWIRE R S EE AN 23T TOKEE 6 m (32T 15% LA
ElEmnroi,

I 2RI I 1T 5 A BV REEE D L L, KA
BABHA 5236.6 £ 3708.0 fEl{k m?, HREFEA 53981.7 £
40272.5 fAA m?, =2V B (Shi L) 25 1654.9 +
6141 A m”> ThH-o7z, =2 ) WEOFEERE TIX, =

® v
[ BE
®:

(%)

Fig. 2. Horizontal distribution of ignition loss of the sediments in Lake Suwa.
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Fig. 3-1
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Fig. 3-2
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Fig. 3. Horizontal distribution of densities of two large chironomid larvae, Chironomus plumosus (Fig. 3-1)

and Propsilocerus akamusi (Fig. 3-2), in Lake Suwa on March 22, 2013.

3. RN RBIF 2 2 D KT 2 ) hEhd (A A =&Y B Chironomus plumosus
X 3-2) OAEBBEEDAKFEHAG (201343 A 22 H).

LYz A 3 Propsilocerus akamusi

Fa Y BHHRIE 5935 £ 164.0 fEE m?, 7TH LT LR
D 7% Hi 888.9 £ 595.0 fE{EA m?, Y AA wH 2R A
ik 146.4 = 137.7 f@{A m” ToH -7 (Table 1). Fig. 3
WCAFZR) B ETH AR O EOKEDTG %
BT A RIOFEIL, A4 =22 ) OPULHERNIC H Tz >
Tele®d, AR BT E 4 RO 5D 5E &8
Nole, MSEICEEICELOEIEHH 00, il
SRIIFEY oL TWe, —F, Thohay=2R)Y
DT 3 E 4RO EDLEENEL, EBBEX
St.5 & St 16(#IL ) TwEL, WMODORITHEHE (St 7,8, 17)
AR (St. 1) TIRDr o Tz, KIEBELS DI Lizhi-
T, KAEBFHE LK BEOMEREEEEITABICHED Lz
75, BUHGE L X ) WO E L ORICH B2 BRI
WO BN o T2 (Table 2),

K 3-1&770

JKYE 4m DIEOHE OKZE2.7m O 1 G2 ER< 16 #
R &, ARV BB ET I AR YR O
ERBEORWIEMN TAERD &, WOLMHIE, ZhEh
3%FHE (T1L1EA M) BEIO1EHE (24444 81K m>)
WCALiES 5, AEHSLE LIEYEREER, 2t h
594.4 = 169.3 fE/A m™ B X 902.8£611.7 f#{E m> TH
LDT, THAYZRY BRI, WOAE CRICEE
BENWZ &b,

BRI TN R OFETER L LT, T
B (1987) 1%, 1986 4F 3 HITHIND 57 S TIT -7z
FAET, THLAYZ R BYRDOFEEDL 0 — 9946 fE{EK
m” DFEPH T, 2500 E1E m™ D LALLM S 23 4 S 4
DWW EZ EDTWZ LETHELTWD, £,
JKEE 4m PUED 32 WS TOAF 2 ) J1 5 D145
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Table 2. Correlation matrix for the environmental variables and densities of benthic macroinvertebrates.

2. BARBREIAF L EABYREE & OFEITTA.

Ignittion loss C. plumosus P. akamusi Total chironomids Oligochaetes Nematoda
Water depth 0.009 0.004 0.322 0.100 -0.939 -0.654 **
Ignittion loss - 0.100 0.243 0.219 0.127 0.256
C. plumosus - 0.229 0.507 * -0.135 0.006
P. akamusi - 0.922 #* -0.272 -0.435
Total chironomid - -0.123 -0.333
Oligochaetes - 0.615 **
Nematoda -

# p < 0.01 * p < 0.05

& 566 + 265 fAfE m? LEsk LTS, SEIOFER U RO E A 3 A m® (0 — 60 fE{E m” D%

K% 1986 FEORER LT D L, AA XY ISl
FIERIBETHDIN, THLAYZRY BHEOBEED
IB3UTIRBDLTWDZ EBbrs,

% 7z, Hirabayashi et al. (2003) 1% 2001 4% 3 HIZ 60

BH), 7L RY WL ROFEEEE 75 EE m® (0
— 200 fE{A m? O#PH) LFEEELTWD, SREIOFER
Bix, ZUCHART, A2 RY B T2004R, 7hLY
22N A TI2MEE N, U LDz Lnb, BEDOLRY

mO(CE¥KEE AL £ 1.5m) TITolifi&E T, 42 FEES B DA BEEL, 1986 FDOBEITIEE > TWAR

CpluL LS
CpluQ —— LS
CpluS — LS
CpluM —— LS
CpluT —— LS
CpluN LB, LS
CpluO — LS
CpluP LS
+ CpluF LB
I CpluG LB
CpluA LK, NP, OdF, OhP
- CpluH KL
CpluR LO, NP, TL
Bl cpluc LK
— CpluD LK
CpluB —— LK
o ClDIUJI Russia (Siberia)
Cplul
CnipnA
Chironomus nipponensis (outgroup)
T

Fig. 4. Maximum likelihood tree of Chironomus plumosus. Only > 80 % bootstrap value is
shown at a node. Abbreviated name of each collection site is shown next to the name of
the haplotype. KL: Kushu Lake, Rebun Island, Hokkaido; LB: Lake Biwa; LK: Lake
Kasumigaura, Ibaraki; LO: Lake Onuma (Konuma), Hokkaido; LS: Lake Suwa; NP:
experimental pond of National Institute for Environmental Studies, Ibaraki; OdP: Odashin’
ike Pond, Ibaraki; OhP: Ohgataoike Pond, Ibaraki; TL: Teganuma Lake, Chiba.

4. F A=A Y 3 Chironomus plumosus 1D I k2> K1 7 COI(658 bp) DRk (B
B, ML 7—FA KT v 7E< 80% 134 RE).
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WH DD, HOKENRKE S EDLYIXL H7 2000 F1X4
MBI LT3 AN H 5 LRI S D,
A ZZ R Y BHBIZONTITENMBEE ThDH Z &0
RRIND, A ) AL B O RO & 72 5 EJE
KJE OB E L, WHEEROFLEHE T 1980 F£RIC 14.3
+ 2.5%( FEfEi% 17.5%, Hirabayashi et.al., 1987), 2000
481 12.0 £ 2.8%( H = 1E 1% 15.6%, Hirabayashi et.al.,
2003) DFLFR STV D, RFEDOME (13.611.3 5 K
B 15.7%) 1EMEHCIR DTV D 72 D (2 BATIC I el ©
X223, 2000 RS ] & D DR E B IE e v EHEH]
SNz, AR Y HEHDOERDBERICHOWTIIRATH Y,
Sk LIZHENLETH D,

FEHM=B T 24 F 1R HEKRBEOERHEE
WREEIBFE DR -T2 1R Z B < 25 [JE 0K
BHMIEA A2 A ) B TH LTI b2 KU 7 COl
(658 bp) DILILELHI 2 fFMT LTAER, 8§ DDOANT m A
T ST, b HBBE R R o T DIXL ¥ A 7T,
FE LT 25 kD 5 b, 15 B TER S iz (ko
60.0%) . RWTHIBE DRI > TZDIEN Z A 7 (4 ik,
160%) Tholz, YV DM, O, P, Q, S, T D#HZ A 73,
L EER$D (% 4%) RSNz, LY A 71E3 5%
< & TOHE TR I N, —F, NZA 7130 F
P (KB S5.7 —59m) ICE D oTz, NTuZAFDK
BEOMBEIE, KE4mETIE1LI XA, 4m~5
mTE2%A47, 5m~6mTlX74%47, LV
HTIE 1 #A S Thole, WAHAEERTRS &, Wk
HDOKGES ~6m TEHL DONT a2 A FRFERINT,
Fig. 412, Rk ( KoLk ) 2o Lic. WGHAO A A4
22 ) AEEEICEA MBI R ST, TR oA
22 ) BITEEFE (C. suwai & C. plumosus) 3&EIND
LW ETREME I S e o T, Eiz, IREIHIES A
IR HIE, RIEOECRE ROEER, JtimEo
WO AF AN I LIFRIDO 7 V— REFER LT,
T — MR NT v AEMENTZD, IREHHEE D BB
Wb LT D Eidfsm T R oTe, 272 L, AR
THWz COlVTEEE R EN D, AR BT
TR FERE DR B D 72 DITIIIHG EE MRS E 5 ATREME R B
D, A%, MOBEFEIREZE ST PMLETH D
(Polukonova et al., 2009; Kondo et al., in press), —J5, Z
NWOBAREAA TR D En v T - OXRYTEOF A
2N ALk, BEMICRELS LD Z ERTRBIN,
FA TR WFEREONEHIE 2 L, 28R ELE
RET iz, 4, RSO F A+ =22

EXRRICLT, EUHEDORLR D S % S E0B 1R
THERINZ BT 2 Z LI X - TRHBERE#MIAT 5
Ll b, HERSOMIBEEFRERICE>T, I
TRH S NIRRT & O G 6T 52 &
PHETHD.

AR

AWk, BEMERERFRAHBEESES
24241078 WFZERFEH  EAME=) [DNA N—=a—F ¢
VU EREA LR B RR B ONKEIREMN & LMD
e OB EZ T CiThhiz, K227+ 21CdH
720, EEMOREZRME L T nie It ESSH,
IO B 2R L T2 e/ MR E IO X 0
BHLETD, E, BEHPRAEDOEIEICONT, 7 1 —
VR EREATHR— b2 LT EEWZREEBEK
WBILER L EF 5,

i

5| AR
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