5535 B 12 1) *E &~ 2 Eild Vol.35,No.12
20154F 6 A ACTA ECOLOGICA SINICA Jun.,2015

DOI:; 10.5846/stxb201309042209
B, W, 2SR, MR AR T Zn® WX AR B A S IR RS K SRR 42 25441, 2015, 35 (12) :4026-4033.

Zhao Q Q, Xi Y L, Li Z C, Pan L.Effects of Zn>" concentration on population growth parameters of Brachionus calyciflorus under different Scenedesmus
obliquus densities. Acta Ecologica Sinica,2015,35(12) :4026-4033.

ARRERZFET In” RENZELEEL RLIFEEK
SH R I

RE A, /%Dlé‘i&*, FER,E B

TR KPR 22, RS RN S AR LR R ELLRE, Jul 241000

FEE N T AR B B T 15 Yok B 0T A2 AR W 18 P BRI 1 8 1 LA O A2 A X K SR v Zn™ 3 YA T e 11
HUBHE R , 7R 1R 1A= M ( Scenedesmus obliquus ) B8 (1.0x10° 2.0x10° H1 4.0x10°>/mL) T A [R¥#E (0.0.1,0.3.0.5.0.7.0.9
mg/L) i) Zn® X AERE R %6 B ( Brachionus calyciflorus) SEIFMHF R SRR, S5 KH,25°C LA K 1.0x10°,2.0x 10° il 4.0
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Effects of Zn’* concentration on population growth parameters of Brachionus

calyciflorus under different Scenedesmus obliquus densities
ZHAO Qingging, XI Yilong™ , LI Zhichao, PAN Ling
College of Life Sciences, Anhui Normal University, Provincial Key Laboratory of Biotic Environment and Ecological Safety, Wuhu 241000, China

Abstract: As a result of industrial activities, aquatic ecosystems have been contaminated increasingly by metals. Such
occurrences pose a threat to aquatic organisms in particular and to the whole ecosystem in general. Because of their
importance as a part of the food chains in the freshwater ecosystems, as well as their high vulnerability to metal
contaminants , rotifers have attracted attention by toxicologists. Zinc is essential for life at trace level, but it involved in the
endocrine processes and reproduction of mammals. As one of the major metal contaminants in freshwater ecosystems, zinc is
of ecotoxicological interest. In order to investigate the chronic toxicity of Zn>" to organisms in an aquatic environment under
different food densities, and to screen out sensitive endpoints for monitoring Zn>* pollution with rotifers as test animals, this

paper studied the effects of Zn*"concentrations (0.1, 0.3, 0.5, 0.7 and 0.9 mg/L) on the population growth parameters of
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Bracionus calyciflorus under different Scenedesmus obliquus densities (1.0x10°, 2.0x10° and 4.0x 10° cells/mL). The
results showed that at 25°C , the 24 h LC,, of Zn** to B. calyciflorus under 1.0x10°, 2.0x10° and 4.0x10° cells/mL of
Scenedesmus obliqguus was 6.647, 8.102 and 5.873 mg/L, respectively. Compared with the controls under the same food
density, when S. obliquus density was 1.0x10° cells/mL, all the concentrations of Zn>* had no significant effects on all the
population growth parameters of B. calyciflorus (P>0.05). When S. obliquus density was 2.0x10° cells/mL, Zn>* at all the
test concentrations significantly prolonged the life expectancy at hatching, the generation time and the average lifespan, and
increased the net reproductive rate, but Zn>* at all the test concentrations except 0.3 mg/L decreased the intrinsic rate of
population increase of B. calyciflorus. When S. obliquus density was 4.0%10° cells/mL, Zn* at 0.1, 0.3 and 0.7 mg/L
increased the intrinsic rate of population increase, Zn*"at 0.7 and 0.9 mg/L increased the proportion of sexual offspring of
B. calyciflorus. S.obliguus density had significant effects on the life expectancy at hatching, the generation time, the net
reproduction rate, the intrinsic rate of population increase, the average lifespan and the proportion of sexual offspring ( P<
0.01), Zn® concentration had significant effects on the life expectancy at hatching, the generation time, the net
reproduction rate, the intrinsic rate of increase and the proportion of sexual offspring (P<0.01), and the interaction
between S. obliquus density and Zn®" concentration had significant effects on the life expectancy at hatching, the intrinsic
rate of increase and the proportion of sexual offspring of B. calyciflorus (P<0.05). When S. obliquus density was 2.0x10°
cells/mL, there were significant dose-effect relationships between Zn®* concentration and the life expectancy at hatching,
the generation time, the net reproductive rate as well as the average lifespan, and the relationships could be described as
y=-73.949x+110.190x+109.573, y=-37.568x" +47.452x+78.233 | y=—18.799x°+23.226x+14.908 and y=—45.602x"+
54.730x+ 66. 303, respectively. When S. obliquus density was 4.0x 10° cells/mL, there was a significant dose — effect

relationship between Zn** concentration and the proportion of sexual offspring, and the relationship could be described as

y= —9.648x"-1.978x+22.222

Key Words: Zn>* concentration; Scenedesmus obliquus density; Brachionus calyciflorus; population growth parameter
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HB-4 35775 535 00 A FHEB08 K At A e A TR Hb A T o e 95 . SCI0mn, e B T (25+1)
C . APOCIRATEREEFRAE NEET 1 JRB R BREFE , WAR], B KB B 4 518 1.0x10° 2.0 10° il 4.0
104/ mL A9 ARk A A BT 48 58 RO FR T — K, RISl i 22 B — 0 40 A AR 58 AURP AR R 24 FHR BO% K3
1.2 P Y e

SEH T ZnCly B B AR B AR 7 T Al (S 98.0% ) . L b i I E &R NG
o Zn® Fr i, TR R RO BRI B, SO0 A 250 /K L B 20.0 /L F R, T3 280 /KRR B i 100.0 mg/
L (BRI, T 4 CORKFR & s B 3 d CHl 1k, SEge i PR 1 DR K L TRE TR o e ke B g XA
1.3 SEHMERLE

SRR EIE S PRSI R VR B AR A SR SR AT, SE AT 24 h AR SRS . AR AR 1 U R S IR
1.0x10°,2.0x10°F1 4.0x10° 4>/ mL #E% T A ER L I8 245 5 fF Zn® MR B F S X AR R BE I B 1.4 2.5 4.5,
7.8F114.0 mg/L.,1.8.3.2.5.7.10.0 1 18.0 mg/L,2.1 3.8 6.7 .12.0 F1121.0 mg/L 4 3 204 5 DNk EERLE 41
A X R SCIRAE 8 mL BEIEAR ({1 Al e A RV S Y IR 48 h) AT, AR IA 10 B
WEARAE 4 h RS BAARTN 5 mL A, AL E 3 A ERE, RIBTE(251) C  JoG IR A E R R 3540 v ik
7,24 h J5 A E SR BN h 48 UG SET 80 H | R AR AAITESR TS 24 h LC, M,
1.4 RS

R AMEREPE T2 A5 A A B B B R I LC, (Y 1/8—1/100"% ¥ Zn™ ¥eE % H 4 0.0.1.0.3.0.5.0.7
F10.9 mg/L, BB E A 1.0x10°.2.0x10°F1 4.0x10°4/mL, HFHAL H A K AE 4 h PRASRS g ik i
FZRBEAR, FFIMA S mL MR (00 5 A e BE 19 Zn®t FOAE D 25 B B AR E A ) s AL AR E 4
ANEE A EEMA 10 Jigmgifk, SLIE(25+1) C . BLOGIRMWEREERA P kT, SRR, &
12 h W5 1 RIFIE SRR ARG BORUREAL B P g8, B8 L0 T A A, T8 B 2R 4l IR RS 2 5] — B AR vh 4k 22
BEFR L 00 S5 i ME AR AR P PR s — AR B e A P TR S E A LB B RIBE 24 h B 1K
AR B S B I SEIR AT B R AR AT Ak
1.5 WFRSEE SR

FEEFIAEIE R (1) X ST IR AT IMA T 3880 8 AR 8 BAE R (my) < X AR IR 2P Y B A A i
FEREME R B AR AR (e ) « TR AR B RE TS 2 A O TIHE ; ¥ AR BER (R ) M BF S — RS
B Ry = Yl m s HARE R (T) 58— AR TR BRI ], T= 2 L m oo/ Ry s PV BLHE R (r) L Fil
PETEASR IR0 5 T B RIS KR AR T r = InR,/T TERIIGH A A SERN I FRAR I 07 72 Zoezm =1
1 Excel HRFRAGFRE N BIE SR ARG B (B S5 AR SR . A it S AR P TR S A4 B o5 7 EL 481
1.6 #dnab

K SPSS 16.0 43 M A4 Fl Excel X5 2E AT 04T , % T A B 0i 48 IE SR I8 5, XA A IR 2500 145 41
B 3 2o B PR 2R T 255381 (one-way ANOVA ) FlIZ2 8 LU (LSD K 3w ) 43 B 4% v B 2H 55 25 [0 B2 ) 9 25 5
FHE B R 27 25 AR Zn® Ve B RV IR B R A B R AR AL A R S R, X Zn®
W T 5 & R RSB M 0 2 RAEATIRNE 8T

2 HBRESH

2.1 ARFEEYHET 2™ X R i 2k #

ARSI R IR, (25+1) °C TOEMR, B B34 1.0x10° 2.0 10° 1 4.0 10°4™/mL [, Zn*
X R A AN Y 24 h LC, (B4 ) J2 6.647 .8.102 1 5.873 mg/L, 95% K & 15 [X ] 43 5] g 4.414—
12.668 .6.158—11.480 Fil 4.599—7.431 mg/L,
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22 AREEYHET Zn™ X R4 AU K S H0

FRAE A B BE R Zn™ VR B T A0S R A0 LA AT S AR (1) 35 s A e R A RS K 2 8091
T 1, G Pras RER, 1.0x 104/ mL BYIEE T, Zn® WX A0 B A U S M K S50 e B
PEFEIR (P>0.05) , 2.0x10°4/mL YR E T, Zn™ We BEXT A0S FR 40 HUAY A I B2t A R] e B R ol
TN B R R4 A A B EPE I (P<0.01) , 4.0x10°/mL W B BE T, Zn Wk B X 2 40 2 4
PRSP B KRS AR IR A R B E R (P<0.05) . S8 B H T RN BAAH L, Yy B RN
2.0x10°4/mL i, 454 BE Y Zn™ ¥4 408 35 3K 140 SR A i 2R QRS TR 25 5, B 1 6 U v AR g
HBRT 0.3 mg/L A, HAbVREE R Zn™ B T4 SR RE N LI KR BB ER 4.0x10°4/mL B,
0.1,0.3 #1 0.7 mg/L 1 Zn™ W35 42E 5 T 40 B FPEE ) BTS2 0.7 A1 0.9 meg/L 1) Zn™ W E BRI T H M5
IR (K1),

®1 FERYMEEM Zo™ RETELE R HNMEIG K S (WHhRER)

Table 1 Population growth parameters of Brachionus calyciflorous exposed to different concentrations of Zn>* at three food densities

CWEE i A B g PRERE g mURRE
Food level/  Zn?* concentration/ Life expectancy Generation Net reproductive lrrllr':ls;?a::: Average PrOl:::E:]” of
(x10°4/mL) (mg/L) at hatching/h time/h rate inirSase/d lifespan/h off;brillg/%
1.0 0 111.0£9.8 81.9+7.2 8.4+2.0 0.0282+0.0020 66.0+6.5 4.3+2.1
0.1 120.0+2.2 91.3+3.2 13.6£1.2 0.0350+0.0016 70.2+2.7 10.2+1.7
0.3 116.1+8.2 89.3+5.5 9.9+1.6 0.0311+0.0016 67.6+3.7 7.3£2.3
0.5 116.4+10.9 88.2+6.6 13.2+2.3 0.0355+0.0017 65.9+5.9 4.3+1.9
0.7 116.7£6.7 89.8+3.6 9.4£1.6 0.0297+0.0025 69.8+4.4 7.9+£3.2
0.9 105.9+7.4 91.5£10.0 9.3£2.3 0.0284+0.0030 58.9+5.5 2.3+1.4
2.0 0 99.9+3.0 75.4x1.2 13.1£0.8 0.0399+0.0007 58.6+2.0 6.7£1.0
0.1 134.4£8.0" 86.6£2.2" 19.7+1.5" 0.0437+0.0006 * 81.6£5.3" 4.8+1.3
0.3 132.0+5.8" 88.1£5.3" 19.5+£1.0" 0.0419+0.0013 80.0£3.8" 7.0£1.7
0.5 147.0£6.0" 93.6+3.1" 22.4+1.4"7 0.0446+0.0005 * 77.1£2.6 " 3.6+0.9
0.7 146.1£6.3 " 90.5+2.2" 20.4+1.5" 0.0427+0.0006 * 82.0+4.0" 5.4+1.0
0.9 151.5£8.9" 91.8+2.9" 21.4+1.8" 0.0437+0.0006 * 80.1+3.8" 3.2+0.9
4.0 0 100.5+7.5 83.9+3.8 13.7£1.6 0.0398+0.0008 59.0+5.0 23.1£0.6
0.1 103.5£3.0 77.9£2.8 16.5+0.3 0.0439+0.0011 " 61.0+2.0 19.6£1.2
0.3 109.2+4.5 79.0+1.3 17.4x1.2 0.0448+0.0005 * 64.8+3.0 22.6+3.7
0.5 107.1£5.7 82.7+1.8 16.0£1.9 0.0416+0.0014 63.4+3.8 20.4+0.9
0.7 101.4£2.1 73.9+1.6 16.6£1.1 0.0462+0.0007 * 59.6x1.4 12.9£1.9"
0.9 108.0+8.4 80.7+3.5 14.8+2.1 0.0414+0.0010 64.0+5.6 13.9+2.8"

* FOR 5 W YRR T B BT A B2

2.3 EYPEER Zn® YR BT AERE R4S A RSB R

KR Z 722037 o , BB BE X 48 s T A AR e T T4 S MO8 B3 Y2 I (P<0.01) , Zn® ¥R BE XS
Rl A i R BRI B RIS AR S AR A RN (P<0.01) , WK EE AN Zn™ IR IEZ
(] F) 52 AR X R A i ST 2R iR A S R A A QIR S R A 35 PRI (P<0.05)
2.4 AFEYEE TSR R IFEE K S 2o WK R

[ 34T s, S B B 2.0x10°1>/mLL I, Zn™ 9 B2 55 5 HOpy A i B2 HHEAQT ) 28 75 i Fn e A=
B R (B 5 LA S S AR W R Y BB N 4.0x 104 /mL B, Zn™ YR B 5 40 1) J5 AR TR 28 e ) b FL
AR R (K 2) .

3 Wit

3.1 YRS QU R i sl A T AR B A S
EAPTFEERR Y], B w0 H BB ) Ak TR S HL A 25 00, R 8 E i 1 — 8 VR 1K A4
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Fig.1 Survivorship and fecundity of Brachionus calyciflorous exposed to different concentrations of Zn?* at three food densities

ey ¥ b 2 AR T R A HEACE [ AN Ay ( LA A TR T Y Ao HE bR ) BRAR T 48 H A AR B R (L AR
RN RR) 102080 R I RIAK DGR S BB S B A PR M SR R, RN AR M R W 178- M R () A
f£1,0.001—1000.0 pg/L A2k [ 35 B 1540 R 48 A A a2, 50 pe/L B9 5P 3 e T 48
B A R A 54 ,0.001 we/L AR ECFI AL K 0.5—50 pe/L 09+ A5 B E 1w 7 2p s B it sk
BRI 2o W HAA B M S D — E W (25.0 we/L) 1 Zn®t B E MR T A SR AR IR —
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TR A SHAL, AR S W N 2.0x10°4/mL B AR A Zn®t R E A T AR
J 4 LR A i SR RP 2 BT TR RS U TR (H S O 4.0 1094/ mL I, Zn®* R
AR R4t BT FA B R SE T O

*2 SAVEBEETZNERRHMNEGPE HRME EEEE FHFGNERELRS 2o KEBNXR
Table 2 The relationships between life expectancy at hatching, generation time, net reproduction rate, average lifespan as well as proportion of

sexual offspring of Brachionus calyciflorous cultured at different food densities and Zn?* concentration

TYEE/ (4/mL) S8 [al)5 7 A
Food density Parameters Regressive equation Significant test
2.0x10° A y= =73.949x>+110.190x+109.573 R*=0.560, P<0.01
AR ] y= —37.568x% +47.452x+78.233 R*=0.462, P<0.01
YAy B y= —18.799x>+23.226x+14.908 R*=0.447, P<0.01
-y y= —45.602x> +54.730x+66.303 R?*=0.315, P<0.05
4.0x10° JEfIRZE % y= =9.648x2~1.978x+22.222 R*=0.394, P<0.05

3.2 YEE RS YR VR Sh ) R G K 5

/NEREE ( Chlorella vulgaris ) % BE B T 1 {8 H L X B85 X + 38 5 BB 58 U (B, patulus ) 1 Ff 585 BB 4e U (B.
angularis ) £k FEXTHEACRE R4S U488 R 56 B Sk et N BU3 ( Ceriodaphnia dubia ) 22 FIRRIE 7% ( Moina
macrocopa ) I ARTE ( Daphnia pulex) Zn** ¥t 2L 6L 3L (Anuraeopsis fissa) LU S HU (B, rubens) W LB
R4 HU(B. havanaensis ) SN IR R A FRIRESG K 04300 1 4 FH 5 B8 2R o AL, LD PR = A T 2 %
B TH S BT T 75 Ye Wy 5 I U sh i i B 10110580 R R ST R Y O 1.0 10° 0/ mL B}, 0.1—0.9
mg/ L 1) Zn> XA R 46 dU A FPE P BEHE K 3200 2 52 s X B % B TR & 2.0x10°/mL B BR T 0.3
mg/L Ab, AR EERY Zn® W E R R T A0 R R ) BT KR Y B N 4.0x10°/mL I, 0.1,
0.3 1 0.7 mg/L 1 Zn™ 52 $E 5 T A0 RS RAC BRI N B K30 mT UL % B3 1 T i il fifE s e g ot s
HOFPIRERG K 1 B0 VR FH AR S B 5 | B 05 e A R 5
3.3 B RGeS e A A B A )

W EOLT, F6 H LL IO A= 58 1 R4 T B0 5 24 52 31 TR 8 TSR 05 6K 1 £ 400 Jo o R o R T 2
S5) B0 BRI HE A PEAE SR P AR RIR O, LIS R R IAEE . Gallardo 2577 & 10.05 #10.5 mg/L AIFE4L]
W 0.05 A5 mg/L 1 5-FR 0l 0 2 428 i TR 0 B 5e IR 38 3 ,0.0025 F1 0.025 TU/mL i A K3 E 50
mg/L [ E,.0.5.5 F1 50 mg/L {4 y-223E T RN 20-F2 3L 050 K7 B 23 31) B 4 v T AP RS K 2255 8 .6 .4 Fll 6 KR
FTRAC 3, T — L R D TR N 08 R P 35 2R TR A AR 11 7™ A T 1 35 5 ) 5 2.0—8.0 mg/ L (1 5 H Ji i
FARE TR R AR R Y R T 5000 pe/L B E2 5 MEARES B AIRAZ AN, 5 500 we/L I E, |
500 wg/L i DBP 50 1500 wg/L & DEHP LA K 500 wg/L £ BBP Hfdis g i A4S i IR AR B 7
AW, A YW 4.0x10°4/mL i ,0.7 #1 0.9 mg/L B Zn® BERAE T R ERIEL R, A
[ BT Zn® Ve B X 48 AU FRTR 38 2252 0 (1 AN [] 5 79 38 22 18] (4 38 B FEOWHE BUS AR 3C 30 i 1052
M 5
3.4 G HAREERR S B0 Y i fE

B U AR R SO Y (0 SO B RS e M I R S SRR T 5 . Gentile 25%" Rao Al Sarma ™ |
Day Al Kaushik'*'"  Boyum Fl Brooks > Xi il Hu'®' A#MFEEAE $49 % B, 46 AURR R PO B0 K S5 ARk 3 K 4
T YRR W I A — AR BEURR A 8 A 5 {H Ferrando ™) 25 & BHL v A Bt 556 R b fRE 184 K 25 J2 B HH A st ] R A 6 301
SRR A TR B ; Janssen 250 RIGE IR EE 7 45 R BN SR K RPN R S U HR b, v AR T SR L T
i LOEC {8, AR W53 & BUAe AU p A A R RS A QIR A R IEAE 1.0x10° 1 3.0x10° 4/ mL )% B T
X Cd* V5 Y LA U S8, Hoh J5 ARTR 28 3R S BURR s FRUTIESE T %8 B P AR 5 L JE P AR BB G IR B 75 e )
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