B H 2 ik Acta Entomologica Sinica, September 2009, 52(9) : 994 - 999 ISSN 0454-6296

AEEAAAERETEESsRAaEREY
UL 7K IR Bk A 9 5 5 1 Y =2 Wi

RAEWED B &', ¥ F, Hmy

(1. A PHImYE B A ARk S EOR B, R REFH 4730615 2. Widb R4 arplaBe, I 430062)

WE: HTHRVESRESEXKIR Pirata subpiraticus W) FFHERIRZ ), ABF5TT 2008 487 H 7E7 R B FH X
SFMARFAESET , HoR4E 50 fy HHEREAHT 150 SLBUKRIREEA , SRAETFRBOEIEENE T 5 RO R A 5T #EIK
RURAN TSRS &, e TR 58 (AT IRAS T & N FRATRSE A A8 bR . SRR R R A
PARUESREESIEESRIBBEEMKX, 4 MESRBEX 5ERE AR X (Baotianman, BTM) 1]
KRR P Cd Cu Fl Zn F & B2 54 B3 (P <0.001) , Hil#a44" (Tongbai Tongkuang, TBTK) F1Rg FHH H ( Nanyang
Youtian, NYYT) ff) Pb # &5 BTM )22 34K B3 (P <0.001) , Eisr#rR W Cd. Cu Fl Zn BN EERIGHRM E
Biibr. EESBIAT, 4 MESEIGYRX SRS X E KR K M 58 M A & AT & % B M AR
25 HIRBIR B (P <0.001) HBEKF(P<0.05), FWA7HrRWIH M H 58 IR E R IR R B ALY ¥
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Heavy metal levels in soil and their effects on biological characteristics of
Pirata subpiraticus ( Araneae; Lycosidae) in different habitats in Nanyang,

Henan

ZHANG Zheng-Tian"" *, XIA Min', PENG Yu®, DU Rui-Qing' (1. Department of Life Sciences, Nanyang
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Abstract: In order to study the impact of heavy metals on Pirata subpiraticus, 50 soil samples and 150
individuals of P. subpiraticus were collected from 5 different habitats in Nanyang City, Henan Province in
July 2008. The contents of heavy metals (Cd, Pb, Cu and Zn) of soil and P. subpiraticus were measured
using atomic absorptions pectrometry. The carapace width, female weight, egg sac weight, the volume and
number of eggs were measured and counted. The results showed that the contents of Cd, Cu and Zn in P.
subpiraticus in varios habitats were positively correlated with those in soil, and significantly higher in 4
heavy metal polluted habitats (TBJK, TBTK, NYYT, and NYJG) than the control habitat ( BTM nature
reserve) ; the result for Pb content was same, but it was significantly higher in TBTK and NYYT than the
control habitat (BTM). Principal component analysis (PCA) results suggested that Cd, Cu and Zn could
be principal indicators of heavy metal pollution. Females from populations with high concentrations of heavy
metals showed a strongly reduced fecundity, indicating a high reduction in resource availability due to
detoxification processes. Egg size in contrast was negatively correlated with fecundity and as a consequence
positively related with internal metal burden. The conclusion is that changes of P. subpiraticus in the
relationship between offspring size and offspring fitness will result in an altered balance between offspring

size and P. subpiraticus could be used as a very important bio-indicator for heavy metal pollution.
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BEE Tl & AL AL, HEMTsYH
w7 E, HRASENZIAARBEENESEIT S,
TIEE R E R IES Y AT, LRy
FAEH e R Z B EEm, HEESRHAR
AP RS AR i B — 5% Ak,
G ERARAEY == AG T, Sl eWEEai
& B NRBMERR . A REH 48 15 Y + M XU P4l
MEE WA BBk Z 1R, Lgib#Irk Rk
P4t I BRI VR B, AN REIR AL RS YRt
TEARRGE AN 2EE B (Kurakov e al.,
1998) , LHEESBE A5, BRIk
25T P BSOS R A TR AP T BB AR AE 1 AR B XU,
Hit, ELRT Y H A S A WIE 2X2E T
Hr B9 A8 R #b 7T F1 A0 B 55 4E ( Solomon and Sibley,
2002; Crouan and Moia, 2006) ., HEil, EWNIMNGH
AR EIS, RATRE LIESYIE AR E DB
AFXEELRE G A4S N (Kula and
Kokta, 1992; F #1455, 2002), fijan, +HELL R
(Bongers and Ferris, 1999 ; 7¥7k5E, 2004) | JR A4 5h
YI(RZ I, 2004 ) A1 i (BRE €45, 1992) %,
Wk VEA T IR AAENR N RE LIENAY, bER
YsER T, RAS Z B EE BRI Y, EMkE
R+ SR IS YR A Y R AR D HRGE . I
MNEYVHETRERT RENESRE, UHEETHZ
o, A TR E &, PURTEE =4 Ak i pL3E
DIRPTE S8 8 E , M im0 A KA A
E A T F%& (Hopkin and Martin, 1985)

TEAM SR FA A8 R IR A AT, &4
REWNESBIEY, X HERRIYE=EEEY

Mo (9 B X 55, 2005) o HUKIRER Pirata subpiraticus
S AR TR R F R R A A — R T O
WR(ZEEIIRAE, 2002) , A SCHEXT e BT AED™ AT Al
Hp SIS YL B oY B SR L, DARK AR IR S SE 504
B WTES BRI RN MR AE Y R A KR E
ASZNE, DA 2 B + 38 7 4 J 5 Y B BE TN AR 1) 3K
BE, AP R AR BT XA S R G A XS TER
A ZS IR AT RE PP R AR AR

1 #P5ETEZE

1.1 #HmRESHE

111 3 i R £ 5 40 0. 2008 4F 7 A F
GPS JENL, ILFRAESMEPLFER T (£ 1), 7S
MERK IR IE A R TFE B R AR 4R 0 ~ 20
em ZE AR IE T, RE SRR MR BUL
BHHEMEAMRT, TERENARNT . SR
YRR A, B G 120 B, fRAF TR
T, R ESRETRUER.

1.1.2 $UKIREREIREE O TR LEIRE, RE
P B MERR VR N SE B A B, T 2008 4F 7 A FIH
GPS JENL, ILFRAESMEPLFER T (£ 1), 7S
AR R HPFAT LB BRI T TR 48 30 L inaR
AR IR [ S0 %, LIFHERZEK A
R X B ARNERE R A X R . 2 b
LR AFRERIETEE (12 em x4 cm) 1, Sy T 5D
LIGPRE, WA 1 ~2 d, W™ Bk WA 0 1 &
HIEO, HIERIERTFALAENAR, B PR I02S BRAR 0™
HESR 2 ANBRAR . ARJE A BENLLEER 10 SL#EAF BRARAY
WEPERUK IR IR — 30°C VKA VKA R LA F

x1 REFURES
Table 1 The sampling site and habitat

#£ & Sampling site

2545 B Latitude/longitude

A= 3545 4F Habitat characteristics

HA#i4:H" Tongbai Jinkuang (TBJK)
HAMI4AH" Tongbai Tongkuang ( TBTK)
5 PH ¥ FH Nanyang Youtian (NYYT)
RIFHZE T/ Nanyang Jungong ( NYJG)

E K& Baotianman (BTM)

32°27"25"N, 113°19'50"E
32°32'49"N, 113°19'7"E
33°0'58"N, 112°27'10"E
33°124"N, 112°29'52"E

33°2'17"N, 111°56'22"E

BHORwL, #gd, UHFERE
BHORwL, #gd, UHFERE
BHEL, BEHi L, LIRIEM/NE RS
R L, Mg, DEREE
BB, MBERE, UHAREAE
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1.2 AYEHHanE

IR F RV (FEEFE L A7 BL310 ) FR i
WERKEEE , AEHRE) 0. 01 mg, BRI ONASHETE, K
0.1 mg, 7Ef#5)4% (UTHSCSA Image Tool version
2.0 ) T FH I ORI HY E kB R S RE, A A 2
0.01 mm, 3k R e S A7 55 2% o R A4 28U /N E
BAEbR . FIIFORAR TR ORI, T IR U R
&, MEIPR (L) FTE(L) , KHE) 0.01 mm, F)
M V=m/61,1," BHER, ERNIERFRAN, BB
LSF & R EOR OB 7R AR S e ok S50 1 8 4%,

BEHAE RN E 10 3k,
1.3 EERSEMNNE
Z: M8 Tack (2000) J7 & M ekt o SR R 7 1R

Wk I 2 UK AR kR N EE 42 J& (Cd, Pb, Cu Al Zn)
W&, MEHET, F 1% HNO, L ERKE b
WEESE, RE T0OCHFE T4 48 h, TR
&, 52 0.1 mg, #RJ5H 5 mL 65% 4 HNO, 7£
130C¥f# 1 h, %A1 2 mL 20% H,0, %%, 30 min
JEFESIN 2 mL 20% H,0, WK B 58 LW M. H i
i 1% HNO, % 10 mL &, A5 HEF s
FeIEBE T ( H AR H 3z Z2-5000) % Cu £ Zn B &,

Cd 1 Pb W E e T AR IE N EB M ., A E
SREREELRNHK TERSHWER, B3
0.1 pg, HHSELNMAE 10 L, +EAGESLR
FRME LN L, HEEGESE SRR
mTEASHER, KT 0.1 mg, HHEMHEIN
#3 K, BUFE,
1.4 HiELE

B B E AL BER F SPSS15. 0 4T ¢ K56 . F K
Ay AR B IE 44 o

2 ZREH5MH

2.1 FEAHRTEEEENSE

MK 2 AJEH 4 NREH A (TBJK, TBIK,
NYYT, NYJG) +3%%E 4 )& (Cd, Pb, Cu Fl Zn) (&
HE5Z2HBY BIMELESEME, Z2FHEF
(P<0.01), FrAREAZ ) A0 5 2B 32 B LK R
BRIKNESJE (Cd, Pb, Cu 1 Zn) & &0 55 + 15
AN E 48 (Cd, Pb, Cu 1 Zn) & & W & 1EAH
¥(r=0.983, P<0.01;r=0.967, P <0.01;r =
0.946, P <0.01;r=0.924, P<0.01),

®2 TEAERTEESEAE(mg/kg) (L&
Table 2 The comparison of heavy metal content (mg/kg) in soil of different habitats

B 15 Sampling site cd Cu Zn
TBJK 141.07 +4.41* 183.02 £12.08 * 755.80 £24.50 ** 1514.02 +58.38*
TBTK 74.06 £3.31* 208.71 £9.28 ** 644.93 £19.86 ** 1 818.00 +39.98 **
NYYT 49.28 £3.09* 555.45 £30.12** 448.44 £19.66 ** 1353.30 £40.15*
NYJG 37.70 £1.01* 357.02 £32.52* 592.40 £31.58 ** 1 355.30 +36.68 **
BTM 5.94£0.43 98.51 +4.31 155.68 +7.27 717.00 +11.73

RPFHE R TFHE £ FrEZE (n=10), “ 1™ S35IFRA 53 RH BTM 23 BEMREE, THo Data (mean 5D, n=10) followed by * and

** in the same colunm show that there are significant difference (P <0.05) and very significant difference (P <0.01) as compared with control (BTM)

by ¢-test. The same below.

2.2 AEHEBUKRKENESENSE
m#E3, 4 MPAF M BKRKENE LB
(Cd, Pb, Cu il Zn) & &, 5 BTM HEK H AR
PRXERCREREAMLEL, Cd, Cu fl Zn WEHEE
B B2 (P<0.001), %tF Pb HA TBTK, NYYT
5 BTM 22 54% 82 (P <0.001), TBJK, TBTK 5
BTM #LL, ZRABE (P >0.05), 5 MbEIA
FEARFEAT RS T 45 SRR 5 — R STk
Y 55. 688%, B E R4 ME M TR

26.133% , Wi BE R 81.822% , H— WA
FF, = -0.179y, - 0. 029y, - 0. 360y, + 1. 259y,
(31 Y2, ¥s My, 5351483 Cd, Pb, Cu M1 Zn), 5§
TERASHRF, =1.300 y, +0. 154y, 0. 401y, —
0. 1833’4(}’1 s Y25 X3 il Y4 B ) o MNEE—ERSTT
BHRECRE, Cu MZIn WERRFEFWEAR,
MEZFERAHAREBORE Cd M Cu 2 FEE 0
HE. MHXMRE, Cd fl Cu.Zn tHEF IR K
(P<0.001), HAMEZmE/N(P>0.05),
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x3 FREETREARKESERE(peg/g) bR
Table 3 The comparison of heavy metal content ( pg/g) of Pirata subpiraticus in different habitats

#£ /5 Sampling site Cd Pb Cu Zn
TBJK 64.67 +3.84 ™ 79.43 +8.89 329.47 +23.31* 916.18 +31.20**
TBTK 31.92 +1.62* 80.56 +8.64 254.13 +18.77* 1144.40 +54.59 **
NYYT 24.10 £2.38** 275.28 +£20.68 ** 204.18 £16.63 ** 720.87 £28.81*
NYJG 21.50 £0.71* 189.21 +18.05** 278.78 +10.94 ** 995.00 +44.34**
BTM 3.23 £0.27 65.14 +£8.11 75.52 +2.47 424.61 +16.51

2.3 FEHAMKIRERA L K A E A EE. P
REE.PHBMIPER
GERNF 4, 5SHA BTM L, HAbh 4 b
PR RS B F 5 R T i R4S E i PR H
BRI 2E R ¥R Bk B 3 (P <0.001) =% 2 K
F(P<0.05), ERTAHIERFN H—FH
OTRERE N 72.99% , F _ FRH BBHTERER
17.507% , Wi BFRFEHK 90.497% , FH—FEWAT
FF, = -0.321x, —0.218x, — 0. 231x, + 1. 482x, —
0. 139x5(%,, x,, x5, x, Fl x5 3BT B H 55 M
IR & OPANEE & OB AR, B E S

J7#2 F, = 1. 631x, 0. 049, — 0. 350z, — 0. 386, +
0.3%xs, WNE—EWAMAREBORE, WHHEMNE
J6y R G B AE M F e AR NS — A RECRE
TR SE RN IR AR R R B AR Y AR RS, DR
HXRE, B4 NMEVRHERERE, HEEmK(P <
0.001), ZZARIME2ALEY, ELREEER
b AR R T M B S/, MEME AR EE (R4S
HEFMIE BB/, UHESEER N T ki
¥77, BERMAEBRNIGHER, EE&RSERAH
7 IERFE R

R4 FAEERTRUKIREEYFHFESEENBER

Table 4 The comparison of biological traits and fecundity of Pirata subpiraticus in different habitats

FER 9 5 (mm) WEVEAREE (mg) AR E B (mg) L1k FIRAR (mm )
Sampling site Carapace width Female weight Cocoon weight Egg number Egg volume
TBJK 2.07 £0.04* 23.61£0.22* 17.35+0.13* 55.4x1.4* 0.3220.01*
TBTK 2.17 £0.04* 24.11£0.26* 19.38 £0.20* 64.0x1.5* 0.33£0.01*
NYYT 2.14£0.03* 25.20 £0.26 ** 21.44 £0.25* 67.9+1.9* 0.35+0.01*
NYJG 2.28£0.03* 26.60 £0.31** 22.70 £0.31* 72.5+1.4% 0.35+0.01*
BTM 2.68 £0.05 31.64 £0.42* 26.63 £0.35 80.5£1.1 0.28 +0.01

2.4 BUKIRERES Bl B 22 M ME R E N EE N 4RIR S
HENESRAES TAMERAS T

5 bR BT A HEA HEAT 22 Jn 2 P B A 2 B R
B WS Cd, Pb S REZFAMRK, 57Zn &

BEEFIEMRK, HEAES Cd, Pb, Zn FHEH
AR, BARE RS Cd, Cu, Zn FREBETAMX,
SR%E S Cd BE AR, AR Cd BEHMHER
(£5),

RS HWUKRKEMPRE EEAENEENERSEFNESRESES TR AL

Table 5 Multivariate linear regression analysis of carapace width, female weight and

fecundity of Pirata subpiraticus to heavy metals

£ TR )9 F7F2 Line regression equation F P

519 3 Carapace width y =2.832 -0. 007y, 0. 001y, +0. 0004y, 43.425 <0.0001
HEHEAR T Female weight y =33.541 -0. 082y, —0. 007 y, —0. 005y, 51.635 <0.0001
B4 Tt Cocoon weight y =27. 804 —0. 094y, —0. 007y; —0. 002y, 66.607 <0.0001
Y% H Egg number ¥ =78.363 -0. 354y, 80.388 <0.0001
BIAAFR Egg volume y =0.248 +0. 0004y, +6.09E - Sy, +0. 354y, 25. 666 <0.0001

Yis Y2, ¥3 Ml ys B4R Cd, Pb, Cu# Zn &H. ¥, 72, 3 and y, indicate the contents of Cd, Pb, Cu and Zn, respectively.
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2.5 WAKRGKERPAESEENERZERT
S

MR RN B 45 R R B UK R R I 98 5
A E R B EIEAMA SR, BIHFEN ¥y =11. 225 +
2.962x,(r =0. 843, P <0. 0001 ) ; 25 g I 55 5 B %
HEBEIEAX, FEAFEA y =3. 893 +28. 300x, (r
=0.738, P <0.0001) ; 35} F 95 55 B AAFH B3 1 A0
3, EIHFHFER y =0.493 0. 073x (r = - 0. 509,
P <0.0001)

3 itig

A W IR IR B U A RGEAE, BT LA E UL
TR AR AE MG S i AR B . A Bk
AR EFRRVFZEYERTEREY), AT LI+
i R oAt AR 2 R G A7 WS I FEAS (Odsjo et al.,
2004) , B FTRZGHE PR N B E 4 J8 KA L
TR XGRS RE PR, KX
MTFREEFRFNHEERNESEEEFRENR
H 25 % BB ¥ ( Turle and Collins, 1993; Pain et al,
2003 ; Prfg = 45E, 2003; Von Storch and Hangner,
2004) , WKIENAESRETWEEHEE, IR
WREEEBEME THAEYFIT AR EEERN
=

AFREREN, ARG HEESBESEA
[m, PUKRKANESE S BOARRE, 5/FEASHR
WA XA, T X &R XA MY
X BB E TR X, BEBE TS s R L AR
R ENESEIGY, JHES ML
BBk H S EERN, X5 Heikens 45 (2001) 1
Maelfait(1996) 5 451038 —3, BNEERBIS
YLRBIE L — & WAV BN, 8T FE AR
W, 7E4 MESBITET, Cd.Zn fl Cu BISHME
By, Pb RIKE MY

AFBENESBISET, BUKREAERR
HIEE 2R M A T SRS . FERVR B I E &R e
T, SUKRSAMEE BT ZH, MEB/N, ZIRET
KE, (HRE IR ER, X5 Sibly 45 (1988) K&
Tamate FI Maekawa (2000 ) B 8 3R 38 # AE 15 s Tl
A3, BIERRENESBINAT, SIE
PR S R R B B EME R R E A, X
LU A S YA TS IR TR, S IR S
ST NAZWERT , BRI/ 5 5 H )
SRR, BUAEN B RIZEALH B 8o X b R

AL EIE S 7E HoAt Bt A 3B ( Caley et al., 2001)

ABFRGRFWRKIRRFEEERBPHE T, U
FKRERE T R 58 R4S EE RO AR S SR
SEREEFMR, FIX iRl N EERAY)
R, RS E R Z BN ESRITE Y, Rt
FKREKAT MEA — N EE W ESRIERIERNED.
PUKTRIRAE R — B, IRIRBL A BRR MR £
HABF IR W RTE SR sk, EEER
HTSHE T, AR B H A ) ) BE 50 SR 2 4 )5
RWITEZ—o FFh, kx5 )8 5= £ A4E
R DL LR AN 5T B 5 R T ) S B LBt R
ARSI E Ao
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