g
PO 00 http://www.cquip.comy

826 8% 3 W 251 & ¥ # Vol.26,No.3
2006 £ 3 ACTA ECOLOGICA SINICA Mar. ,2006

KBRME XK FE RN HEEREFEITNH

AN YL 2

(1 BFREEMPEER, XR 300071; 2. BREMEREINHRS, BE  710062) i

ME-XREESE EFRIERELRREEFENBE 2 — REKBRSREFRBEN I EEFY LR EKE SHS
SHESAIRABFIH—ITBENERL, HTHREEXRIE R R AR 28R H SR8, 8 i s B TR T A R
& R THE ARE ACREAKE CCESENMMREAREENRBUREREEIWER N E, X RBRE AL
BEHRGTHR REBOTHR(DER2ERELARTRRBHRB N SR, BERRBHA R 22 F 186 | 259 #,
HPLERBB S8R5 M), MEMKZ(39R 60 F) , B (16 K 28 #) JTRBL (20 /R 23 #) KR (14 & 15 F) KF
RUBE AVEREEE. QFBERNRAHEENER, UIMEKN Excel AR HHEEE, #TREBFOH-SHML.
ERUBRE HOESERUBENXRURRABENRL(BEAR KKER)MEF(RAHFE E2RIT) SRR
W R RV BEN-C RS- 2R MR G BOERS4 MR, T I8 b 8 2K R0 2 50 6 K% B - Al 4
B (BB AR LR T T BB OB R, B 2E A5 7 AR 56 o5 BB . Shannon-Wiener £ ¥ (H) . R B NI (PIE) .
WRHEEE (InS)Hht BiE > B> M8 > L REBAKE > MM e, My EE) MY BE > M >ARE>Jt
KWK > MBI AH B, B8 IR ASFHE R A U] A B I8 A0 A0 UMK R D 1 BEL V8- T 0 o -0 D8 - 0 A ¥ K - O ) K
BE”, EARRANE LRSS MRS RIF AR, BABRAMNAY, FIRE J0RE K 0 K8 BB i
KRERTEBETE, FOMTERXEERMER, BE T SEBARFMFAHARN,

KGR R WA BEAETYE SR A HF

3 HEH = 11000-0933(2006)03-0629-00 HMAHKE:Q968.1 NMRIRE:A

Species richness and diversity of moth communities in Tianjin Wetlands;
implications for environmental management

YOU Ping" ?, LI Hou-Hun'" (1. College of Life Sciences, Nankai University , Tianjin 300071, China; 2. Institwte of Zoology, Sh i Normal
University , Xi’ an 710062, China) . Acta Ecologica Sinica ,2006,26(3) :629 ~ 637.

Abstract: Wetland ecosystems are a special soil resource that serve water eycling while maintaining specialized habitats for various
plants and animals. In such systems insects serve as an important food source for insectivores such as birds. Lower in altitude,
Tianjin has important wetlands, which are indispensable areas of the flyway for the Asia-Pacific migratory birds as well as a
témporary habitat for endangered migrating birds such as Grus vipio and G. japonensis . The present study of the wetlands of
Tianjin was done from June 2001 to October 2002 in order to document the species richness and diversitly of moth communities, to
gain insights into the dynamics of this community, and to provide information for protecting this region. Sample locations included

Yadian, Tuanbowa, North Dagang reservoir, Qilihai, and the Dagang reaches of Duliujian River, and involved sampling two
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nights per month with an ultraviolet-light trap. The results are as follows: A total of 259 moths belonging to 186 genera in 22
families have been identified, high in richness of biodiversity. Noctuidae is the major family in quantity. Crambidae, Tortricidae,
Pyralidae and Geometridae are also abundant year around. The moth communities of the wetlands in Tianjin have been analyzed,
by using the curve of the moth community species-abundance, the indices of diversity, the connection of the evenness and the
indices of diversity, the results of clustering ( coefficient of community and Eucldean distance) and ordination ( polar ordination
and principal components analysis) . The results reveal that the species rank abundance of moths of Qilihai and Yadian fits a log-
normal model. But in Tuanbowa, North Dagang reservoir and the Dagang reaches of Duliujian river the moth fit a niche-preemtion
model. The diversity indices ( H'), probability of interspecific eucounter ( PIE) and specific richness (InS) was Qilihai >
Tuanbowa > Yadian > North Dagang reservoir > Dagang reaches of Duliujian river. However, the evenness ( E) was Qilihai >
Yadian > Tuanbowa > North Dagang reservoir > Dagang reaches of Duliujian river. And the order that the results of clustering and
ordination was Qilihai - Yadian - Tuanbowa - North Dagang reservoir - Dagang reaches of Duliujian river. The conclusion is that
the environmental quality in Qilihai and Yadian is higher and more stable compared to those in Tuanbowa, North Dagang reservoir
and the Dagang reaches of Duliujian river, the latter being relatively unstable and under significant interference from human
activities. Recommendations with respect to protection and rational use of the wetlands are provided.

Key words: wetland; moth; ecological community; diversity; clustering; ordination

B3 (wetland) B A TREBAKEMNEHAS RS RREX A4S EEYRBEFNERRDIFHEER
o BRFHERBRIOANR, AN BB ESRENANRAS, FREL™E, ARER, BSRTE,
REERE, BHEAL, ESXITRMEFEENERM, E+E2EK, BWAERNEOEY™E, &8
B Aol KA R RERITWABE ST BMFHAT
{ERBT MRS, A RIS LA o W
FRPMBEMABERENEIRER. BEUERB P
WESZ, e bEDEYHRPEEREA. BRB%E
P 5 ) P B A5 I 2% B T I o A 3 2 B 0B b BR 8 A8 4
U, ALENBHEUFHEBEFRRWAEHRR, £iE
BHERNATSHAR, RHSEBFETUNLE, R
B IO A T B 0 R A R ), 7E 6 L R R AN GR 18
WWR G EEEEA.

Fk, T 2001 £ 6 A 12 HE 10 A 14 HF 2002 48
4 12HE 1030 HRGHERR T RETEE M
R, BAEE ST R BB R A BRI, W
RBBHBR ML RIS . FHEATIBMAA T
FAMEE.
1 XEBMHMARBEANERE
1.1 XEBHEN

KREBHMFHRIEREMRIE, BT HE T %, R
W B, AL S R, K& 5 WA A 4R, #abdb
45 38°34' ~ 40°15' FI K 22 116°43’ ~ 118°04' [ , 2T 44
ER 11305 km’ ., WM HEYBRER TRELEHEY
BERA, FTEREME L5 ZE (Sugeda saldsa ) 7 i fﬁfﬁiﬁiﬁiﬂ
% ( Phragnires communis ) . 58,38 ( Tripolium vulgare ) \ J& & Fig.1 Main wetlands in Tianjin
(Aeluropu.s listoralis ) % . ¥ KEFNE S EIEM A FFEHH Sample area of the investigation
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BAEREFEHE KEHRRH LR E E (Cares spp.) & B3 ( Ceratophyllum demersum ) %I K Y #E 7% .
SERBRFEEBHAEAEZERNE. RARNELHA FE2TREEN  EEZRALTW . UEHHSH, &S
ERTH. FTFHKB T, FEHETNE0 mmEH, REBEHTEMBREL, HH8) . BN 1717.8
k', i 2T BHERE 15.2% . H P EHE 580.9 km®, § 2 B B ERW 33.9%, 405 8% k8 210.7
ke’ ; 34 (B YR VR G HE 370.2 ke’ o VA RIB ML 551.2 km', o5 32% o WIVHIR b 503.9 k', 5 29.4% , LKA ¥
KW 123.3 km® ;7K FE 380.6 k'’ . BEMBEALEGEH 1.8 k', 54.7%" . AREEFRLELEH A
ARFPEMIABERARRPEITEANES KX AARPRAEAWHEREPRE 4 M B ARG
PR,
1.2 BESNES
X R AR E A AR IR AT IR, R L B R B IA i b K K R M I R T K
BEXNRES(E L), EH#TREMNFE,
1.3 HESEE
FEFMERUBENERENE, CEKARE S EHRE EE T8 SXRFERE, NE
R CER BERE KETHE L ARNERE T E BERE BNRESHL T, HENRIUR ,
ERERHHALITA, LR BERFE. SHBHEESIHFLE L

®1 BERHMEENIE
Table 1 The vegetation of the samples

MR Vegetation QLH YD TBW NDR DDR
BEEEBYE Phragmites australis C ity 4+ 4 ot o+ +
IK B BETE Scripus validus Community + + ¥ ¥

P F MBS Phragmites australis . Typha angustifolia Community + + - + -
WER. SR . DRRTRHEE Myriophyllum spicatum. . Vallisneria asiatica . Potamoget lai

Community + + + + +
MRE. AR . BRBYE Mriophylium spicatum . Ceratophyllum demersum . Hydrilla verticillata

Community + + + + _
KT BEE Echinochloa crusgalli C ity + + F o+ +
WA WHETE Suaeda gl Suaeda corniculata Community + - - + o+
PR BEBEE Phragmites australis | Suaeda glauca Community + - + + o+ + o+ o+
EHIBE Tamarix chinensis Community - - + o+ + +

* QLH; - B ¥ Qilihai; YD: ¥83F Yadian; TBW; 11 Tuanbowa; NDR: 3t # 7K BE North Dagang reservoir; DDR: ¥ 3 % ¥ Dagang reaches of
Duliujian River. + + +:>50%: + +: 10% ~50%; +:<10%
2 MRAE
2.1 AEHFYE AENEF2001FcH12BE10A 14 HR2002E4 A 12HE10A 300, BAERH
WERAE 2R, MEFERITE, BENO R 250W R, BHEH 2.0mx 1.5 mWBELETH., EEBMAN%
1.5 km R BB O X BEVLE B, T FIERAETERNEF S o b, ERBFEAEEA4~5 m B RE,
REFEETRAMEEMKE, FEEHE, APREIFRE, KBBKAHR, NERXAEEE,H
ZRZBEENERA, RFENRIE TRIURE(E) P, REBARY, FHLXEENBESIT. FRENEN
4h BAEERE2~4 K,
2.2 BRSO
2.2.1 BHEM SHEEMIHRAUTSHEY.

Y15 3£ B B (specific richness, S) 1M & &3 (individual number, N),7E ZREYEAT & 40 BIR A H B R34
(InS # 1InN),

KSR LRI H(SGF) = H(F) + H(G) + H(S) , X B ,H(F) .H(G) .H(S) A FAREK . BREM

Fh R i ZREME IS M, ZREYEST A Shannon- Wiener BRI H = - 2 P,InP;, P, 5 i FpAMEK 5 MK B8
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tb%o
R A8 B HLE ( PIE )R A Hurlbert 3R PIE = D) (N/N)((N - N)I(N - 1)), R¥ N, A i Fiy
MEEG N AR P EAMEY

14 B (Evenness, J')3H Pielou A : J/ = H'/InS ,H H’ 2} Shannon-Wiener ZHEYETREL, S R BETE
MFhE .
2.2.2 BHEMLMEIER B R (coefficient of community, C) : % F Sorensen BY, Zekanovski R¥{, C =2W/(a
+0), R CHBEREG W AR A M BIAMAFE ;o A A WETRE; b A B LW,

BK FGBE # (Eucldean distance, d;): dy = SQRT[ D) (X, - X,)*], ¥ 4, i BES j BEZ W HEKIKEE
B X, K Bk NMEIREOME; X, N BEE E MERRED .
22.3 BENHF R A AHFE (polar ordination, PO) 1 ¥ 4 & 4 #F (principal components analysis,
PCA)! ' ST B B E BT HF o
3 BELARREHINITE
3.1 RBRIEBHBKAMERSH

SHFENFRE, RBEIERM A NA BRI 22 7 186 /& 259 f(F 2). HF-LE% 195 153 & 198 F,
5 76.5% ;WS 3E 17 B 107 & 136 F, o5 52.5% ; AT 17 B 123 /B 160 F, &5 61.8% ;b KK E 16 B 94 /&
115 F, dy 44.4 % ; SR KB 12 8 73 /& 88 F, 15 34.0%,

R EREFDHBHENMESR
Table 2 The moth from main wetlands in Tianjin

kWA BEABE .

LaR " Hin North Dagang ~ Dagang reaches of il
Qilihai Yadian Tuanbowa - A Total

3 Bt Group reservoir Dulivjian river

R i .} P R #p R E R o y | E

Genus  Species  Genus  Species  Genus  Species  Genus  Species  Genus  Species  Genus Species

1 AERE Cossidae 2 2 2 2 3 4
2 BB Lyonetiidae 1 1 1 1 1 1
3 R Al Heliodinidae 1 1 1 1 1 1 1 1 1 1 1 1
4 FF Gelechiidae 3- 3 3 4 2 3 2 2 1 1 4 5
5 FEBH Plutellidae 1 1 1 1 1 1 1 1 1 1
6 S B Cosmopterygidae 1 1 1 1 2 2
7 B F Tineidae 2 2 1 1 2 2
8 # BB Tortricidae 13 18 12 16 10 15 9 10 1 1 16 28
9 ¥R %} Prerophoridae 1 2 2 2 1 1 1 2 1 3 2 4
10 BB} Pyralidae 17 21 16 17 14 17 14 14 11 12 20 23
11 B4 B} Crambidae 35 49 27 38 29 42 2 29 21 25 39 60
12 JIR B Limacodidae 2 2 1 1 2 2
13 R¥F Geometridae 12 13 8 8 10 10 10 10 8 8 14 15
14 5198} Notodontidae 5 5 1 1 2 2 1 1 5 5
15 BB Lymantriidae 1 1 1 3 3 1 1 2 2 3 3
16 HRH Lithosiidae 1 1 1 1 1 1
17 §TR Bl Arctiidae 1 3 1 1 2 3 1 1 1 1 2 4
18 S IR B} Nolidae 1 1 1 1 1 2
19 TR F Noctuidae 48 66 29 41 39 52 26 38 22 30 58 85
20 KA Sphingidae 6 6 4 5 2 2 3 3 7 9
21 &R H Bombycidae 1 1 1 1 1 1
22 KZE QA Saturniidae 1 1 X 1 1 1 1 1 1
4 it Total 153 198 107 136 123 160 94 115 73 88 186 259

3.2 REBHBBBFHNTR
3.2.1 M-ZEXRR AERBRENH-ZEHRX(E )T, ELNRE. FHLEBAERE A HESS
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HHBRBRAZIARSH 3 M PFER S BREACESERANMNRES S HEE, R BB ARBEHERD,
Mt FHEMYHES ., FEXHABHRESRTARRGRR, YHETEROBES ., HEBEAL
B RIS B S5 AR AR, BN R DR AL B ot O BRSO e 4T . D9 3 6 KM K FE R AR
WA RBENH-ZEHRLE AENERLREL T REHER, MAESMRESTABE, HX—8
VLBEETYHEROSE - RIENTHE: B 1 AHREHRESAETRERO—E ], 8 2 k&
PG BUBTAR T RIRE —EMA, KUK BETIHEBMF -2 EXREHDEE 0K KERMT
BRI K BRERENARRA LTS WD MREHEDTANER MMEBBRE . XMRMEE ,
REHEMCREKEKRRR, STH, MR KO8 B W, kB, 5l md, DR M
RERBEH K.

45 . 40
ol — W Yedim L b H¥:% Tusnbowa :,
g 3L N . \
30 + s L ‘
325 ,Z 20
% 20 |- .
Ll 15 |
" 10 - 10 |- :
LIRS s i
0 o ) ;
1 2 3 4 56 7 8 9 1 23 45617809 ;
%8 Octaves %% Octaves !

30 -

35 J MK sor L E ¥ Qilihai - BRRFABER
E 30 [ North Dagang reservoir o i - 25 | Dagang reaches of Duliujian river |
i /| aN

L 0F sl
E I 0 0}
i [ 10} 5
I l J 0 ] 0 J
1 2 3 4 567 8 9 1 23 4567 89 1 23 45 67 8 9
%82 Octaves %18 Octaves 87 Octaves

B2 Xpigwf-FHEMK

Fig.2 The curve of species-abundance for moths from the wetlands in Tianjin
A. P83 Yadian; B. {1 # Tuanbowa; C. Jt K #57K B North Dagang reservoir; D. -t B ¥ Qilihai; E. % ¥ 3 1 X ¥ Bt Dagang reaches of Duliujian

River

ZUSBHBENL EBRAEMH-BEHEARNTFIH S(R) = 36exp - [0.30(R - 2) P # S(R) = 46exp
- [0.25(R - 2)1*, & May i i BE 5 SRV B AR S, = S,SQRT(x)/a, 5 H B8 AL B IR A B/ 84 31
S 212 #1326
3.2.2 BABRERZHEHNYSHE

(EZHE BHENREFE WEAGREBENSHEEER (7). . SRMHBIE(PIE) HSE
(E).WIHEFTE (InS) MMEBE(InN)HTGEH  ERIE 3. NBEEXRE, RABENZHEERSHE
MBYLEMNYFHETERMBR -3, E X5 EESF, 70, A Shannon-Wiener 2 #1418 HUHHAR 8K
BENEEEENASE. MEME N4 608 10 A6, LEBHNBRASHEEREERE, BRI, Bk
WA R BE L KK BE AN BV B MRS B R IE O K, BB K. MBS ERIE R KERE LA 4 iRk
BWHRBREHAGEES, SRR HLBEFR,

MNEERE, EHERE () FRIABIR(PIE) WHEEE (InS)WALEE > HRE>ME >
KK > WA AHE, MBS B (E)NA-LEE > M3 > A > L REKE > Ml BE KSR, A
R EE BEARAEREN SRR, DMRBEFHIFERT,
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(2) BHME SBHERMT BHRBBHENZHEZERRTMSZGE A, N 4 A 462 10 A4
MREBRERMSBREFENEA, B, FRNEBREASBRGOEHARTETEAMRERNZHYE
BRMBEAERMLGASKEANTFINA B (E 3), X—FEIRHBHARMRRBEORRE, S —TE
F U T R WORE B X MR R R B R, X 5N XS A Kremen™ M 451 —3o
B R R R IR AR LT R A W R AT

10 - 12 ~ 12
kgt W10 10
» b 3 Ry B B
® 6l \ g 0.8 g 0.8 %
¢ W 06 - 0.6 -
# 4L : g
M g 04 | ® o4l
% 2r o2l 02 -
0 1 1 1 1 1 1 1 J 0 i 1 1 1 i 1 1 | 0 i | i | | 1 J
0 4 5 6 7 8 9 10 0 4 5 6 7 8 9 10 0 4 5 6 7 8 9 10
A4} Month A4} Month A4} Month
6 8-
E r 6 - —+ B Yadian
4r E - H##E Tuanbowa
% 3 w4 —a— JtA#7K PR North Dagang reservoir
# a1 f wtewe L LY Qilihai
- 2| —~— WERFAEE
1+ Dagang reaches of Duliujian River
0 i 1 | 1 1 1 0 i 1 1 1 [l 1 1 ]
0 4 5 6 7 8 9 10 0 4 5 6 7 8 9 10
A4 Month A4} Month

B3 BESHERE(E) FEEEILEPE) HSEE) DR EZE(S) - FE 0N K R 35
Fig.3 The month pattern of the diversity indices ( H'), probability of interspecific eucounter ( PIE) ,evenness (E), specific richness (In$) and individual
number (InN)

FEMBYLE (PIE) B#ABEEHS KT TREESMEXRNER AEAKXE, ES Simpson ZH
RSB RN, R T KBB4 PIE # Shannon-Wiener ZHEMHEH (H), 4 RBER -
(FBXFE¥ r = 0.7833 ~ 0.9707, p < 0.01) .8 H' MRS EEF(E 3),H I, i Shannon-Wiener & FEHETEEL
WARBMBHENEHEEERNSE.

BEEMFEEWAHBOES EHEERENRANFH NS, RERHBRENEEERRSHYE
F—BHE RS r= ~0.4413~ —0.3309, p>0.05),EMBM AR (HAERM r= -0.5703) (FWHE).
MEFEEE—B(HXRER r=0.7021 ~0.9656, p <0.01)(F3), XREFFREENARERERFK ., K
BEREUAANMEEFARABEN SRR SHER SN, RVIRESWEREN. T AESE"H
RYFHERBENFEERREY, SRERBSHOER -8 NXEE " HRORREEOELRE
EHERUSHOERA B HEARHTH-ZEXRRANESMML L SMEIR. R CHRARBNHEM
JEREKERLEEHENRERAZHNELWRATH-ZEXRBO TAESMRE STRE, MK EEST
BERM G, RATHEHREMILREBKERERFERARE, BESWELR. MERBERWM-ZEH
KEMRESSHN, —RFLTESEERESHOE T ", MAEXE, b 50k s fh -2 5l
BEREXBESA, BEREEHA S ER—B, AN R B TH-B BRI ERE, ABEE/NY
ik, MBEETRAMEEINES KRR FL M- EFXAKBRAMEEHHE, #A-LRENFE
BRKEY HEHABAMER. BMRETKERREANESEEEESHAERANTEX(HXEL
r=0.6544) B M TILFEREET R, MM BN K, B KEE, T HBUL  FERARE, IFREBERSREN
%
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3.3 RBBHBABRENEESX

3.3.1 KEBHBRBENRRSNT RARERBARREERNISHE AREEREATER LR N
B4, MBERRRXERMAMU M-CEBNAEETERI X REHFAMWRRE—E ;LXK ERH T
B RKBERERE—E, FAREIFBEX, UA-CEE BRE WENRKBEAMN EMNAEKE 2R
B SR IS T VA AR K MR, AL U K o OB K B RS T I R DR, T AT 3 R 2

HHEMMECEERR, TR, L BB FIAHE RXE IR R AR AR 5 b o 7K e 0 20 0 088 170 A B 1 3R 3 S ‘

HIE
£ REFEBIZAMAERRY
Table 3 The correlation coefficients (r) of the indices of diversity
HREMEE B Diversity index
Sampl
R Samples PIE E InS InV
LB % Qilihai H 0.9663 -0.4413 0.9418 0.8540
PIE — -0.2353 0.8452 0.7693
E -0.2353 — -0.7145 -0.7702 ;
I Yadian H 0.7833 ~0.3309 0.7021 0.8527 ;
PIE - 0.2443 0.3449 0.4249
E 0.2443 — -0.7849 -0.7584
JH1 2 Tuanbowa H 0.8993 -0.5703 0.9656 0.8993
PIE — - 0.5450 0.8716 0.8294
E -0,5450 — -0.7483 -0.7186
b A# 7K FE North Dagang reservoir H 0.9707 ~0.3530 0.8869 0.8478
PIE — -0.2816 0.8403 0.8019
E -0.2816 — -0.7371 -0.7524
i 342 988 J7 K 75 BY Dagang reaches of Duliujian River H 0.9294 0.6544 0.9229 0.7783
PIE — 0.8568 0.7370 0.5264
E 0.8568 — 0.3142 0.0503 «
¢ Ul & :
2 067
g 8 20 [
g 0.69 |- 5
2 &
s _g 16 |
g
5 0.7 [ E
E R
3 "
& 073 @
o ® gl
o]
® o5 |
Q T Y B D Q T Y B D

a4 REBHWERERM(COMMKER(d)REHE

Fig.4 Cluster analysis of the coefficient of community (C) and Eucldean distanc (dy) of moths from the wetlands in Tianjin

Q: & B Qilihais T: FIHEE Tuanbowa; Y: ¥ 3 Yadian; B: 3t K 7K North Dagang reservoir; D: 78 i 877 K # Bt Dagang reaches of Duliujian

River; T [F] the same below

3.3.2 KBEBHBAENTEF BREHRREE(E OBE AT % (polar ordination, PO) HE M RE (R 5)#1T
HEF . R BN Excel HHHEINBER S SAS iHH 84K ¥ E 4 8 4 (principal components analysis, PCA) #8

FRAR T ES BN, ERIE S,
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MHEFSER (B 5)TTLLE b, £ B M H 0 B UE B0 RIS VR B0 300, T 556 K M 7K B A0 2 o el ) K
WERAERT

B4 XMELHBABENERRY
Table 4 The coefficient of dissimilarity of moths from the wetlands in Tianjin

B Hb Samples Wi Y HinET dbk#KEB LEEQ T H T K HE B D
M

B 27,9461

KRR E 35.1779 31.8841

tH® 32.9341 21.6106 37,3802

180 39 8 T K s B 44,2478 42,9719 27.8048 50.3497

Bs KIRE N R A0 HE R HHROK
Table 5 The Indices of ordination of moths from the wetlands in Tianjin

B%

Community Da Db X=(L®+ Da®+ Dh*)/12L  h = SQRT( Da? - X?) Da’ Db’ Y=(L?+ Da’? + Db'*) 2L
Q 0 50.3497 0 0 32.9341  50.3497 5.7340
Y 32,9341 44,2478 16.4990 28.4986 0 44,2478 0
T 21.6106 42.9719 13,8708 22.7089 27.9461 42,9719 10.0826
B 37.3802 27.8049 31.3703 20.3265 35.1779  27.8049 27.3713
D 50,3497 0 50.3497 0 44,2478 0 44,2478

Q: -LHE ¥ Qilihai; T: FJHHE Tuanbowa; Y: MIF Yadian; B: It K # K FE North Dagang reservoir; D: X 3 i /il X %5 B& Dagang reaches of Dulivjian

River

Y

s0 L Fo 6 pca
0 A . A
40 -

- 2 -
30 A
20 | L 1 1 1 6 i i 1 i J X

2 6 M 2 2 4 6 8 4p

10 | L+ 2+

¢ .
0 L 9L I I ! ' X s

0 10 20 30 40 50 60 -

B 5 KA bR B AR S HER (PO R 4 B 47 (PCA)
Fig.5 Polar ordination (PO) and principal components analysis (PCA) of moths from the wetlands in Tianjin

&: CE¥# Qilihai; O: H A Tuanbowa; @: B Yadian; & b K #5 K Norh Dagang reservoir; & 3R ¥ ¥ 7 K # Dagang reaches of

Duliujian River

4 N

(NEFRB/BE, RBBHARISC I 22 £ 186 /8 259 fk, HHURBA MR L (58 B 85 Fk), HIEFIK
Z (39 JR 60 Ff) , BB (16 J& 28 F) EMRAL (20 B 23 #) RBB (14 B 5 MFA LR E, £ EHHE
=¥ 48 ‘

QEHERFIRZALTEIE JGHHE WHED 2WE . 28E YRS, BB NHERL, 5N
KRB . RXLUTTRICHFIRNR W R RB MR I BRI, M HREREES LR
Xof Y o PR R BT R EE EEN IS LR E

(OAHABRKBRFERF-ZEHR ZHEEER WIS SHERENXRAURREHENRR(BREER
KRR MR (RSHE E0BRSWGERIIESF T REBHAEORA, ZH L ERS0E BT
SERERY, HAERANBEE . EHEJLREKE MRRTAERNBRIFERRE, BATE, B8
HEERBTIEFEREETR , MBROERMEK, N2 I0A KRR & W WA KERR, 2 ¥E R
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BAK FEKBREKEEKETEAR, B THEEBA, EAMNEBAREHP LR, NEBH . RLEE
3, T RAEAR SRR AT, URAGEYMAEFEHERERN . Bk, 2FXF AT SH
FRERELEMHREEBRFOER KR, RIEKEZEKBREEE 0% L L, MRA LHEBHB . REEAN
T FEBPOLXMERRRBUKE AYREBTRE, ATWHEMEHIFRHTFHE,

(ODEBFREBREHHFENERENRS, EEARREFHEERE. SHETUFHREBRENHEEE
—ERAXE, XAMHABHSEEEEENL, AXARRHEBESREBECROMRE, AF TE#H
— B3R,

S)BMAFEFEFEHRAE HBRERNER, EMNEBBESREPYHBEENEEHRTS,
ERBAFENYRMERAD SR AEFEFEATEANER . FENBRFREAGBROERNZ 2B H
&P AR SE I B B AEAT , R LR B RAUURR T AER R, 52 MM IFHE MK ¥
KA B R A B R B 43 A R A B R R B B A ET AR 4 3 R BB S R UL, T B TR E MG, W AR AR e R
BIFr MR RN SRAT . BIRP R, FBREF AR, BRI #0578 P4 F030 50 B U o B0 38 R B A
MIERERER R TH PR
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