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Assessment of lake environment using dragonfly assemblage: A case study at Lake Takkobu, Kushiro Marsh,

northern Japan

Hidenori UBUKATA " and Yohei KURAUCHI -2

Abstract

A periodical census of mature dragonflies (Odonata) was conducted at 11 investigation sites along the shore of
Lake Takkobu, Kushiro Marsh, Hokkaido in 2004, resulting in a record of 2,572 individuals of 18 species belonging
to six families. Dragonfly abundance is analyzed in relation with the following five environmental factors: i.e.,
width of reed bed, water depth, coverage of aquatic macrophytes, ratios of gravels (= 2mm) and silt (=< 0.075mm).
The two-dimensional pattern in the dispositions of investigation sites observed on a detrended correspondence
analysis (DCA) diagram of dragonflies broadly coincided with that of an actual pattern on the map, whereas this
was not the case for that of a DCA diagram of the environmental factors. As the result of a canonical correspondence
analysis (CCA) using both dragonfly and environmental data, the investigation sites were separated into four
clusters: i.e., deep sites with rich aquatic macrophytes and wide reed beds; deep sites scarce in macrophytes; shallow
sites with poor macrophytes and narrow reed beds; and shallower sites with an abundance of macrophytes. Based on
the results of the CCA, most dragonfly species are selected as possible indicators of the environmental conditions
of the lake: e.g., Cercion calamorum (Ris), Enallagma circulatum Selys and six other species as those preferring
sites rich in aquatic macrophytes, E. circulatum, Epitheca bimaculata sibirica and five others as those favoring
wider reed beds and deeper water; Sympetrum striolatum imitoides Bartenef, Trigomphus melampus (Selys) and
three others as those preferring sites scarce in macrophytes; Orthetrum albistylum speciosum (Uhler) preferring the
shallowest water with the fewest macrophytes and reed beds; and T. melampus and Sympetrum croceolum (Selys)
favoring deeper water. Finally, some other factors that may influence the microdistribution of dragonflies in the lake
are discussed.

Key words: Kushiro Marsh, eutrophication, Odonata, bioindicator
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LEHIEITE, EHRBORBVO 11 HEX T M RNEORAR B O 22170, 6 F 18 ff
2572 fERD N VR B2 LTz, BEEKE LT, IVEORITE, KEOWE, AKERIOEZ
BELLE &2 REUF) ZafTic vz, BFERX O b ARREIC XD DCA OBAK LD/ E 2 — o (G
i _E ORI EBIMR) 1IN EOREX ORE Y — o LTIE—K L2, REZERICX S DCA T
ITHABER DR E Y — A3 EoZi b iE e A E—E L7z, CCA DFER, HBOKIIE, KEHR
%< AVFEDBIE L LREWEFT BOER), KERDREWNEFT (L), I VIR KER D72
SEWEFT GRS v v 78R, FREOERRBV) BIUOKERE S SORERWEIT Gl © 4 855
I iivic, KEOE LTS 7 a4 b MR 8F, 3V EOBEITE LAEICH LTHEYT S
NI A MR RRETHE, KELAOMBETLa =l 3, 3 VHOBITERBIOKEEADH
BETRTYA DT hoR, B2 Fied FoRRE2HATIZEL, ZhbORRERESLOFRE L
LCHRMEZES>Z L 2R L7z, $£72, DCA & CCA DR EDHE A ITIC, BIZBITS N R RO

RPT IS &L 9 5 LRRUSOBRFERICOVWTER LT,
F—0— R JIEEE, EXREl, bURHE, RERHE, LYIEER

(2005 4 11 A 21 HZ2fF; 2006 4 11 A 1 H22H#)

[T C&HIZ

b A H (Odonata) 1%, KHLDKAE B THIZCH
ENRGTHY, FESCREIRBIFMEDZ RS B EIC
KEZWZ &7 5 (Cannings and Cannings, 1987; Samways
et al., 1996; Corbet, 1999), ¢ 7K 4 58 5% D 1 45 % 37l
THIDODRNE=HF —THOOEELELTHEHLTE
Y (Wildermuth, 1994), EWATZ < OWFFEH A D D
(Osborn and Samways, 1996; Kinvig and Samways, 2000;
von Ellenrieder, 2000; Christofer, 2001; Kadoya et al., 2004;
Osborn, 2005) .

N R ORI, B SFICHNT T, AFROA
THINFLT KL TIEE R R 4, FE LSO HGEH
M L AT —ZWENRS TH D, TDD,
PRFELFERLTWL, BTN 27 —4F b5
LMD, N TR, MURRBEEEICHREICEY
BREEO TR 2R S A BT, BURGFTOF R0 &
B9 5 (Wildermuth 1994; Corbet, 1999), Z OB - FEIP
GAmEROEATIC K - TRIIICR R 57201, AR
MW CTEIZF— RN THED LT R 5 2R E 4
RTZERFHITWS (Wildermuth 1994; Wildermuth
and Knapp, 1996). Z OMHE ZFIHTE, v
N URB R OEEEC M ERET D &Ik -T, B
VARDOHZIE LA RMOREFEZ1TZ 5 THA I,

FURBARERE LTV DEOKAREROHR T, IR
KEE, EE, KE, WA EOFMENEAIC XY B2 D
ZEREL, TNHORMER N URORFTHZE (RET
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A — MO EF A — NV OEREND) BEERSE (E
REIER) OZEBEIZKL TN D Z R FHEINS, b
LE—HEICB W TEALIC X D KEREE, eSS
DFENCKHIET 20372 6T, B7pHEED bV REEER
BEENA7D, @ADL ROREN S DEREE SR Z
WETDHZ X, FEDCBRRKERD D WITZILE DA
B E KT DN N U ROEEZIA LT 5 2
ERTED, ZOXMBEREEFICETIE, N UoREE
i LTl ER L OERIZR T 5 KE oA E DR
Tl T=F =T D52 LR TEDHRT TR, SH%OBR
BB OV TONL DD TF Y F DY & T kR
BEDLS B ERTILETHTLZ ELAEEERA
5, FAUTINA T, AKD b v REEEZHIT T 00
ETE SH 5 720 HARRE O LF A~ &
BLHZELTEDLIEAD,

ALHRE S, SRR ORZICIE, YERIH, 7 b
o\, EHREO=Z 200NN RH 5. 26 OEEIE,
WEIFEIEEDOMIC, FE L TERBEEICLEKE
DFACIKE, KAERBORERPEZ o TnD (AHDL,
1992 ; F fil &, 2002; Bt & , 2002a,b ; Takamura et al.,
2003 ; KIS, 2004) ., FOHTHELRE TIE, £k
BUC KHIBR ME R P FET D LR EHEREEZ S
NHEHELERELSEATEY (G, 2005), 1990
FERPFE E TIRHESBITHFE L TW IR ES RETE O
KB BT DBWRT D70 EDORERBABEZ > T
% (A%,2007). ZDX 5T, ERESREIHMLIC
72 2 8 OEBALIE A FFH 22 BREE e 0 LE W AR BRI &
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352 &Ik Y, EYHEIRORERO—imds T E
DIZENDTHAH, ZDXHRBLEND, BREE,
2003, 2004 OFEFEIC DT > TEER\ L2 T34 L LT
K, KE, EE, 707 Ny, KE, B KER
FHEFMY, BRSOV TORENRFETHD T4
PR BOES VA HARIR IR 2% L7z GRIEA AR
PREESR LB HL X B IR PREE TSP - B AR A P4
FT, 2005) . ARWFFEIEEDOREDO—R L L TEHRB D
FNURHEEGSRE L TITONELDTH S,

HESAT

EHRWE (Fig. D 1%, BB S km, RAKEER2m
DAL EZ LTETHY, EHRINEZIZT D 6 KD/h
T3 FEAVIA I, ALHES THIEE N HEH D /MR
DIRIND, \FIELEJENT T - T 3 ¥ Phragmites australis
(Cav.) Trin. ex Steud. Z Ff& & U7 KBIRIR AN HL Y BT,
EEEO—EICA— vV TEBH Y Z DS O
WITERAORM & 7e o TS, ElcFk ¥ v 7 oxt

FO—EICIEEEREY, a2 ) — bEFEEHS
T2 HHGERPEL TV, 2 O#ERERVICIEIKE DS
T TIVREESITAEZTND, KEE, HO
-0 1T - T & ¥ Trapa japonica Flerov, & v =%
Potamogeton maackianus A. Benn. % & & 3 5 /KEITE D
no (FHREDH,2005).

BORRD LD FICHBEOKE WEERF 1S &H > T
BOBRSLEDREE S TNWDIED, EERFTANIITH
LEHRNFEIR CHEERTONATEY, Zhbid, v
VERIAEIC X B AR I OEIE)2 6 oWz X b
BRI bHLPT, HOBERBULOFEERFREL 2> TN
%5 (ZE5,2005),

NURBERROE Y ZHOKE L LT, KiZiZHh
TEZ10m, AZANCHE2 m DXE I OFHEX %,
DD 11 EETIchlE L7z (Fig. 1)

UTICEREXORER SICBITAEEBD,
St. 1~ 25 1% TEIEER AR B RBREBETE ) 281
HILBEBRAA VN EERT D,

D
-
-

Fig. 1. Lake Takkobu, showing 11 investigation sites (A1 ~ F2) and the reference points (1 ~ 25) common to all the researchers who
visited the lake during the study period. The main river (the Takkobu) flows into the lake at point 19 and out at point 8. The other

smaller rivers are inflowing.

1. EERBICRITS 11 OFER (Al ~F2) OALE. 1~ 250% [EIFEIEFEHEHE HARREFAL] o 2Lms iR
AN, FERJIITHLEHE)INTHGE 19 THRAL, 8 THRT 5. /N INET X THRARIINTH 5.
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Al HOBEEMA (St12 & 13 0/) 2dbbv, EEORE
ARG I O#EREPE>TWT, IVREIXSICEFTTS
2, MENRD I VEIRFEE LRV, KEIZIEE U0 F X
LIZEBLTWS,

A2 HOMAEMTI VEOREL TWDLEZ S (St13)
WZHY, FAERNITITAKEZRNTNWD,

B1: BOVER], #IEINCEA D HE)IE (St8) T,
IUFMAREL, KEICITE OB EITSICHEET S,
B2 : HOWEM (St9) ich b, IVIRBFEL, KD
L ER N DILTN D,

Cl: oIl (St6) ich v, I VRBFEL, KEIZ
EYMILK DI NTHDHETTHDH, EEF S (2005) I
FAVUTHIELL B33 72 0 0 S Th 5,

D1 : HOALHEA, MW HIVAT IR &4 — FF ¥
VTEIZIZEEN (Std), TFUIRERE, WRROE
WNRBIZ I U BREFT LTS, KEIFIEFEICEL, #
ERRT, AEr2x<,

D2 : HOILEM (St4 D 100m k) 1TH Y,
HEL, tVBEELITEEFTT D,

El : VHORM (St.23) 12H YV, M3 PRAvIA Tl
DIEL THDHT2, KETIEFITEY, FiTiEa VER
FEL, KEIWKFKELE LTy RIL<bTRIChsbE
FThD, EES (2005) 1T LAUTHIEELL EAIERICS
<, YIWVRUTBDRANHETH D,

E2 : O (St.24 & St25 D) 1Th v, I VIHEBIT
FETD, BUKERRY R VEE, eV RERLT
Wb, FES (2005) I XhiE, Zo—HiE, ZOERD
P TCRAEDOERDOLNEZATHD,

Fl: BO®MMA (St16 ® 100 m¥) 12hH v, I VIHEMNIE
WICHET D, KETE 272 L ORERHY C—micitb
o, BT OFRIKE S Lz, HH 5 (2005) 12 LU,
ZO—HE, ZOROPTIIAKEOERDLZ WL Z AT
»HD.

F2: BOmMM (St16 D200 mH) 12hH v, T VIHEMNIE
WICHET D, KE, HAZXF EREETH D03, K
BELTEYOIENITE Y Y 7Y Nymphaea tetragona
Georgi b HEN TN D,

S5/

BEHE
R B O E R BGRAIE, 2004 4E 6 H 18 BB 11
ANBECT@HETIEER2E, 9 AL 11 HET
Xk, B, TROKRIT Li2@E) &5 37 BT .
Wb, BEIVEZIZEY OB OFET7H (9 A LI
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O G) PO I RFET (9 ALIBRIZ T4 3 RFE T)
FEhEL, FFHERNT, 10 20T TR % 72138
ELTWET_TO R AR ERBIZONT, 55,
RREVE, 1TEN, EAERECE RS L, RICE > THRER
ZRET 550 CEEY £ ERY) 1%, BERIE LT
ERTOFED S3hm e Lz, Ziud, RERMEEO
ZERICESHEXMO N ABEDORY 20725
T THD, RRFIEICE LTI, FRIE UTHE L
WCHIBI L, Fl o [R]E R 22— B O FE IV T ik i
THEL, FICE>TRE LD L 2 DB Tz Lz GR
B CRIEREEZ S OIERFLFo TREIC LV RELR).
I REL L, FROHBINRTE D57 H DI 2T
BEZIROA ZLE LTc, RAEICO N TS A
DLD (TxTFN) &, RAZZET L TEMIEEHDZH
AT ZE TS D (FREVEGE) OV v B Lz,
A A DL TIET R T EERITER D BE W2,

kAR A BAEG AT & L CGREBOFRDI D 1T,
FITKEDIELE, FEINEE OKE, AR LE) OFTE,
KiBEPFALHEADRKE SR TH D (Wildermuth, 1994;
Corbet, 1999), A EIOFE TIE, b Wik b SEABSFT
BIXOEINGFTZ2ERRTIBOFR2Y & L5 5 ENK
(b L<iFENICEREPPDD EEDRD L D) L LT,
IV (kI VRS, BIOELERE LFEE~y b
Roa VYR ORATE, KE (FREMEY & KEICEL
TWDILAKEY)) DOFEE (%), KEE, JRED S bk
PiE R 2.0 mm LA E) &3V RELF (RIfE 0.075 mm
DIF) oFnZnOMBEER ALz, 3V ROR
1T&EX, SHEXOAKIAZ A ezl & LIz R
Mica VEosMU (] : EREIEm, Bk AETL e &
DR L LTER LT, MEEE REEERRERK
e H AR IR B ES TR, 2003 4F 4 HiR 5 B E
20 cm) T3 VR LRI £ T IR & DR & R
L, #ER (12500 7@ 1 ; EL#EERE ,1994) ECTHHAI
LT, KEDHEE (%) FAEIE, 2004 F10H4H &S5
HiZ, ApHFRAEX & F U TIT o7, KigIE, 2004
12 A 14 BIZHERLBEFTEXDOKELS 50cm D& 25
ZHEATCHEY 20 B EZE LIAATHIEL, ZDF
WEEBRA L, KEOT—21%, EBFS (2005) 75
20034F7 H22~24 HIZAE SN b oo—F %5 AL,
EEOT—2 0w b UREERX (A1, B2, D2, E2,
Fl, F2) IZ2WVWTixb o & bhifVW =20 BEH A A
VENOEET =420, EHICE VT2 2B L
TPELZ & Tlze, 22 &M (DCA, CCA) 121X MIM
Software Design £1:¢> PCORD % M\ 7z,
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Table 1. Environmental parameters of eac!

h investigation site in Lake Takkobu.

F 1. EW TR OA TR K O BB E M.

Investigation site
Al A2 Bl B2 C1 D1 D2 El E2 Fl1 F2  Date of survey

Width of reed bed (m) ¥ 0 50 150 120 110 2 100 160 130 260 240 18 Apr, 2003
Water depth (cm) 50 60 42 53 84 7 49 18 45 69 51 14 Dec., 2004
Coverage of aquatic macrophytes (%) 22.5 0 225 65 2.5 0 163 1.3 100 87.5 80  4-50ct., 2004
Gravels or larger (%) 1.1 283 05 1.62 9.8 098 095 38.08 141 176 232  22-24]ul., 2003

Silt or smaller ¥ (%) 54 47 58 55

58 38 44 10 71 75 74 22-24 Jul., 2003

1) Measured from aerial photographs and map (1/25000) of the lake.
2) Particle size = 2 mm; Cited from Ueno et al. (2005) .
3) Particle size = 0.075 mm; Cited from Ueno et al. (2005) .

Italicized: Interpolated value from the values of nearest two points reported by Ueno et al. (2005).

HREEER

FHREXDREBEER
EREXOBRREERN BIHT—4%, BT —4»
LM L7 2 &) % Table 1 {TRT, ZORPD,
IVRORITE LAREPERRESERL, KFELIERE
bR OEEEZ T, ZHRRRER PR LR T
WoHZ Enbhrd,

BRIEERMEADHEE

B SLNAR B OFEBIRE S Table 2 127" T (fERER  #:
P <0.2; % p <0.1; **: p <0.05; ***: p <0.01 ; t- FE, d.f.=9;
AT _TCRER) . EOFHBEDEmWIEIC, KEREE L
v R ELF (r=0.75%%), KEHEE L 3V FORITE (r
=0.63%%), KL IV RELF (r=0.62%*), = JRORLT
XLV RUUT (r=0414) 2 ¥ L7 > Tz, ADOFE
DEWIEIS, MBEELLE LSV FUTF (r=-0.73%%),
HELL L L OKELWEE (r = -0.34), MIBELL L EKE (r=
-0.33) tleoTniz,

BEER D DCA 27

AEE Y BT 72 BREEERIC OV T ORRERIS 28
(DCA) DfER % Fig. 2 lTRd. WEFL, F—lhick
WT 82.8 %, FHEHNIRNTS3 % Thole, FEREE
KO8 —fih3 X Ol 2 2 i xt4 5 FHBI R %k

(LIE, ThFEhveETEmicr, r, TRTI EITT5H)
X, FUROEATE (0.72%%; 0.73%%), MEELLE (0.68%*
-0.13), KE (0.12; 0.90%), 7K (0.12; 0.02), v
FUTF (-0.21;0.524) TH o7z,

FVRORTERDHY, KEBIOV NV NATOEE
72 Fl, F2, B2 B XU B2 B EHic, 3V RDOELT
XEH DR, KERDRL, ML ERZ OV BT
DY VGAEKX Bl BRI, T VRPETTTKRED
I DL & Al BRETIZ, I VFITE D BAKEND
WA2, Cl PRETFIZEEINTZ, EOBERIZONTD
PR TH -7 D2 & BLIZIFIEFRICEE S Lz, K
ITMIIC TV DI & Bl A EA IR E S 5k 5%
LY, —HERARE RS R o7,

BRIZIEKIC X % DCA DAL F O Fi A K O fid & /3
Z— (P EoMExtfiERMR) TR EOFHEX O
BUENZ — L B E A E—BE LR ole, 2D LD,
Bl TR N AR BRI RS SRR ER DM A A D
EREFGICET D0 L b, BERERENEY
A Z7RICHESNTWS LWz b, Zhicix, Bk
JETHESHETENEWS L &L LIS, A, Fil
TN X DTV M ELTF OHBGITOEREDRY (&%
5 ,2005) <2, ZAUT &b 7R O KA DR Tentn (&
D ,2005) BREPEELTNWDIDOTHA I,

Table 2. Correlation coefficients among environmental factors.

# 2. REEERAE OMBIREK

Silt or smaller (%)  Gravels or larger (%) Coverage of aquatic macrophytes (%) Water depth (cm)

Width of reed bed (m) 0.41 0.16
Water depth (cm) 0.627%% -0.33
Coverage of aquatic macrophytes (%) 0.75%#% -0.34
Gravels or larger (%) -0.73%*

0.63%* 0.29
0.25

#:p<0.2; % p<0.1; ¥ p <0.05; #¥*: p < 0.01 (t-test, d.f.=9)
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Axis 1

Fig. 2. Result of detrended correspondence analysis (DCA) of the environmental factors of Lake Takkobu. Reed bed: width of reed bed (m);
Macrophytes: Coverage of aquatic macrophytes (%); Depth: water depth (cm); Gravel: percentage of particles 2 mm or larger; Silt: %

particles 0.075 mm or smaller.

B2, # i REOKREXICR T 2 BREENOREMNISOH (DCA) DOFERE. Reed bed:

3 VJRDOFEATE (m) ; Macrophytes:

IKELDOHEE (%); Depth: 7K (cm); Gravel: JEE H OHIHEELL E (2 mm LA E) ODFEE% ; Silt: JEEH D v FELF (0.075 m LLF)

DOEREY .

bURBBROERS L MEKK LBEER

BREXICRITD bR B R O 218 L 7ol
B e FRAE AR % Table 3 1”7, 2FAEXOAF To6F
18 F 2,572 fAED b REBHERS N, 72720, VY
RV = Aeshna juncea (Linne) & 44NV ) Ry o~
A. nigroflava Martin 132N Z BRI L2, ZOFRD
kU ART B2 T TREEARROEEBEFEICZ o
TeDT, S TIEHMOY o~ RO RERREREE L G
T Trvr=f) LLTHERYES.

HFA (2005) XA U 2004 4122 w78 O 76 RO —E
H GAEX AL OV LIE» L@ S A A 12 £ T
DHEERFE200mDTA L DEHF3ImM) T6H1DH 10 A
ETI17HM N REROEEREZITV, 17 7 530 E
BEREL TS, ZORKRIE, SEIOFAEX AL &

136

AN EMRTeT—F L BRBEPIC—HLTWD R, EF
BUELRICETOMER LONT, Z OMED TR EIT
A L AEEOERETH D LD, B, A
(2005) V&, AW TIHER SN2 P oAV A b b
7R Cercion hieroglyphicum (Brauer), &Y I EVY kR
Somatochlora arctica (Zetterstedt) 33 X OV A% |k R
Pantala flavescens (Fabricius) % Z 1L VD EERE LT
Do THEMAD E, 2004 FFITIEELHE T 21 O b
VARRBBHERINTZZ &ITR D,
SEOFERERZ AN TRERFREZ KT 5 L,
EETIEMEEDOF L RBLOREDE2 THrb£<,
TED AL LRED DI TRY Thole, BEICEH E
DIERRP ST, BEEOFI LR TI4EE£L, 1t
FEOCI TOMERDThoTe, MMORERITIEEAL
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Table 3. Number of individuals of mature dragonflies observed at each investigation site in Lake Takkobu, 2004.

# 3. bR H R R ORERRE AR O IR B AE R

Quadrat
Species Al A2 Bl B2 Cl D1 D2 El E2 F1 F2 Total

Cercion calamorum (Ris) 29 40 37 80 9 35 61 34 152 139 122 738
7muA hbMUR

Somatochlora viridiaenea Selys 34 54 49 73 96 76 75 90 71 51 68 737
=Y kR

Enallagma circulatum Selys 8 40 23 23 0 5 2 17 17 71 85 291
VYA NRUR

Sympetrum croceolum (Selys) 11 34 37 34 31 0 10 10 3 20 14 204
SN

Sympetrum striolatum imitoides Bartenef 9 24 21 33 31 14 11 17 7 7 5 179
AAV T T AR

Sympetrum eroticum eroticum (Selys) 9 16 11 14 8 9 4 5 9 6 4 95
YALTTAF

Libellula quadrimaculata asahinai Schmidt 1 2 4 1 4 3 5 13 12 8 3 56
IYRY R

Aeshnidae* gen. spp. 3 2 6 4 2 2 6 5 1 13 9 53
Yo~#, FEAEEE

Trigomphus melampus (Selys) 1 0 9 7 18 2 9 1 5 0 0 52
=yl e

Epitheca bimaculata sibirica Selys 1 4 2 5 2 0 1 8 3 7 6 39
izl N Al NV

Coenagrion lanceolatum (Selys) 9 1 0 0 0 2 2 0 2 13 4 33
VA b hUR

Corduliidae gen. spp. 2 2 2 1 5 1 2 4 3 1 8 31
=V b ARE, RERRREGR

Libellulidae gen. spp. 0 4 4 2 3 1 0 0 0 4 2 20
b AwEL,  FEAREfEA

Erythromma humerale Selys 0 0 0 0 0 0 0 3 0 6 0 9
THAA RN BUR

Coenagrionidae gen. spp. 0 0 0 0 3 0 2 3 0 0 0 8
A & FURE, FEAEEE

Coenagrion ecornutum (Selys) 0 0 0 0 0 0 0 0 2 4 2 8
¥HA b RUR

Cordulia aenea amurensis Selys 0 0 0 0 0 0 0 0 0 4 3 7
P SNV

Orthetrum albistylum speciosum (Uhler) 0 0 0 0 0 4 2 0 0 0 0 6
TANT FUR

Somatochlora graeseri aureola Oguma 0 0 0 0 0 0 0 0 0 3 1 4
FAXEY bR

Sympecma paedisca (Brauer) 0 0 0 0 0 0 0 0 0 0 2 2
TR U

Total number of individuals 117 223 205 277 212 154 192 210 287 357 338 2572

Total number of species* 11 10 10 10 9 10 12 11 12 14 14 17

*Though both Aeshna nigroflava and A. juncea were recorded in the census, they are incorporated into Aeshnidae in the Table because most of the
aeshnid species observed could not be identified to the species level. As the latter species was only observed once, the data of Aeshnidae are dealt with
as a single ‘species’ when the number of species is counted in the Table, while the data of Coenagrionidae, Corduliidae and Libellulidae, which were
not identified to the species level, are not incorporated into the number of species to avoid double counting of identified species.
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EEE (192 ~277), Ff (10 ~ 12 f#) &b K[F/D
HThole, b RO EEEE L DM OFEIFREIE
0.67* T, EFEIDL W IHERX TITEE LA RIS WME
mZzEazR LTz,

BREEZERIC DWW T D DCA OFE R LBE-ST 5 &, 8
B (F1 & F2 0350 ) i b £\ E2, F1 B L UVF2 13,
I VEBNIELS KEHERBNVRHEX ThoTz, £, @
EEDD 2N AL & DL IE I VAP AKRE R D72 &
WO B OBM A F > Tz, —J7, e Clig,
3 VFUEFE L TV D BKER DR WHFTTh Tz,

oz D, EHERETIEI VEBREEL, KES

BT (R EIC S\ ) I BV TS, fif & b £ <,

2
=

W 3 VIR ETBKER Y WGET (ERIZZ V) Tk
AEE, FEBDRNENSHMRH D EBRRRIS
2,

RFEMLEENRZ  OREX

TR 2 RAEXHE CHEZELRT D &, W D04
BobosMEXBRH NS, MEDFL, F2 T2
v A ~ k¥R Cercion calamorum (Ris), T Y k > &R
Somatochlora viridiaenea Selys |ZR\NT/L U A k b &R
Enallagma circulatum Selys 238 5FEIZ 72 2 olzxt L, db
FOCI TRZY FRBRES L2, KNTZAY
7 T H 3 Sympetrum striolatum imitoides Bartenef, & bk

* Ortalbi
N
R
é * Coenagrionidae + Coe.lanc
Som.viri 4 Ery.hume
+ + Lib.quad
D 1a "
D2 AZ Cgrgzludae 4 Cer.cala Som.grae
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Fig. 3. Result of the DCA of dragonfly assemblages (data of number of individuals of each species at each investigation site) in Lake

Takkobu.
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Cl AR B ENTEFANICIT Y F = (0.74%%; -0.13)
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L2 A0 7T A x (0734 -048%) 7%, D1, D2 ¥
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Z LTBI, A2BXUB2 "EE SN FRTHEICF
koA (-0.30; -0.93%%*%) L < 24 7 T B % Sympetrum
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BERBEER & OO X A 71Tk > T M RO ALE
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VR, KEBIOVNVNUTEIEOHBE : 773
Ry, FAXEY bUR, ¥4 FMUR, VYA R
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< AV, ML EEIEOHB c AA N T T R UR, 2
YARY N UR

VR EIEDOHE T AL R UR

@ _LFLSCARE & IEOMB &R

< KEL, SOV RLURNDIEDFER] - =4 b bR

@3 VIR & ADMHBE Z R fE
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- MEELL | & TEOFEES 1 = b VR

FMAERXD b o ROEEREIL, fE#~ OBEREEER~DK
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Table 4. Correlation coefficients among the numbers of dragonfly individuals and environmental parameters at each investigation site.

K4, FHFEXO b B DML & BRBEER O OFE B R

Environmental parameters

Species name Width of reed  Coverage of z}quatic Silt or smaller Gravels or larger Water depth
bed (m) macrophytes (%) (%) (%) cm)

Cordulia aenea amurensis Selys 0.76%** 0.60* 0.56%* -0.16 0.30
NITAHF R

Epitheca bimaculata sibirica Selys 0.75%** 0.39 -0.03 0.55% 0.09
FARNT T RUR

Enallagma circulatum Selys 0.73%* 0.59% 0.52# -0.14 0.24
MU ANRUR

Coenagrion ecornutum (Selys) 0.72% 080 0.66%* -0.20 0.29
¥HA b RUR

Somatochlora graeseri aureola Oguma 0.70%* 0.55% 0.50# -0.14 0.33
FAXEY bR

Cercion calamorum (Ris) 0.64%* 0.95%x 0.65%* -0.29 0.14
saA kbR

Erythromma humerale Selys 0.59% 0.27 0.01 0.35 0.09
THAANDBMUR

Sympecma paedisca (Brauer) 0.47# 0.37 0.37 -0.10 0.05
FY Ry UR

Libellula quadrimaculata asahinai Schmidt 0.42# 0.25 -0.22 0.61%%* -0.24
IYRY R

Coenagrion lanceolatum (Selys) 0.25 0.42# 0.45# -0.28 0.25
YA~ PUR

Sympetrum croceolum (Selys) 0.16 -0.13 0.19 -0.13 0.58*
EN

Somatochlora viridiaenea Selys 0.11 -0.20 -0.39 0.52# -0.11
=Y kR

Trigomphus melampus (Selys) -0.08 -0.23 0.08 -0.08 0.43#
aYJ =

Sympetrum striolatum imitoides Bartenef -0.24 -0.43# -0.26 0.13 0.25
AV T T xR

Sympetrum eroticum eroticum (Selys) -0.46# -0.16 0.03 -0.31 0.12
~ALTT IR

Orthetrum albistylum speciosum (Uhler) -0.47# -0.37 -0.32 -0.19 -0.59*
TANT RUR

#:p<0.2; % p <0.1; %% p < 0.05; ***: p < 0.01 (t-test, d.f.=9)
Pl

EHHAD MR RBE LRIEERO CCA

BEHREO N ARRBEEDT —# & Table 1 1T/ L
TCBRIRERN (I VRORATE, KEORE, KB, W
PAE%, YV EEATF%) OF—ZIZX Y CCA 7o
(Fig. 4), PoERE, H—HNcRB W T 223 %, FHfilic
BNTI3%ThHoT,

CCA IZBITHBE~DEESRGEOFEZRAD L (1§
ML r BE r, OfF), KE (0.94%%0.04) &L
NELF (0.63%%; -0.28) 388 —#hICif > CTAHFFI~, =
VIROBEATE (0.74%%5; 0.58%) BNAHETHIEI~, LT
KB (0.04; -0.69%%) HEE _WIICIH > T FHMA~FE L
TWB R, FEELLE (-0.26; -0.04) (Xl & & FHBI 2355
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ZOFER, CCA DEAMKDAELRLTIC, KENS
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KR D72 < TRV CL BERE S, R
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FITKEL R 2 < TROREW B2 BEE S VD /3 Z — 08
B o BN EORERX O R E ¥ — 1T,
BRETEE OO EET AL & A2 BREFICE &0
Hil, B2, D2 BEXWElI BHFRFY TAVIRL » THEE
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BLEfH AT DWW TR~ % FEINE, r B LU r, DfF) .
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Fig. 4. Result of Canonical Correspondence Analysis (CCA) of the dragonfly assemblage, and environmental factors of Lake Takkobu.

For definition of each data set, see the captions of Figs. 2.
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