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Testing the reproductive cost hypothesis with five Brachionus rotifer species under

different pH conditions
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Abstract; The correlations between present fecundity (m,_) vs. future survival ([l ,,), future fecundity (m,,,) and
residual reproductive value (V. ) were studied in five species of rotifers, Brachionus calyciflorus, B. quadridentatus, B.
urceolaris, B. patulus and B. angularis under different pH conditions (pH 5, 6,7, 8, 9, 10). The correlation coefficients
of m, vs. I, (survival costs) were positive or negative in early age-classes and were negative for the rest of lifespan. In
contrast the correlation coefficients of m_ vs. m,,, (reproductive costs) and m_ vs. V. (residual reproductive costs) varied
greatly in the magnitude of correlation coefficients, and the majority showed a negative tendency. These results suggest that
under different pH conditions there are survival costs, reproductive costs and residual reproductive costs in rotifers that
support the reproductive cost hypothesis. Furthermore, 100% of the regressions of survival cost vs. cohort age-class, 97%
of the regressions of reproductive cost vs. cohort age-class and 93% of the regressions of residual reproductive cost vs.

cohort age-class were significant, indicating that the negative relationships were stronger in older age classes than in younger
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age classes. The results also showed that compared to favorable pH levels (neutral pH) , the negative correlations of B.

quadridentatus , B. urceolaris and B. patulus were more pronounced under stressful pH conditions ( acid or alkaline pH).

Key Words: rotifer; pH ;reproductive costs ;survival costs;residual reproductive costs ;correlation analysis
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SFFAEFARMBREHERIE, LB TAERKE R THIEHR, A LR TG H TN EE AN s
5 SRR R T TGk BEAT ™ o K2k TS s b T4 53k bR FE M B AE S5 5, B 2
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1.1 BB REMBES

SEU TR 5 R RS . EE AL B 48 B ( Brachionus calyciflorus Pallas) \ H T B 0 ( B. quadridentatus
Hermann) | 75 R & BB %8 1 ( B. urceolaris Miiller) . + 18 B # M ( B. patulus Miiller) F1 5 &% B # H ( B.
angularis Gosse) B AL T G — [HJBRME KM (39° 57" N; 116° 21" E) FLAR Y 9 PRHR SRFRAL T 45 o

5 TV R 46 Y B ST I DML B Fp % 35 57 T Pourriot-Gilbert # HI%FR M " AP 3555 T SE 57
217 ch g T A% /N EREE ( Chlorella pyrenoidosa) , 5 R 4 x 10° cells/ml, M IEFHREE H(20 £1) C,%
HEBERE % 50 pEin/ (m™s) , JEJARIN 14:10(L:D) , 4 2d FE#e—RIERIBERW, FHASIE L NEREE , B 3056
TSR R 7L EA YR 1AM b
1.2 #lEmREENRS

SEEHT, B R AR L TR R pH T (pH 435104 5,6,7,8,9,10) FlE S 24 h, R 5 TR FR I P REAL
Pkt 36 Higt/NT 8 h AR dU AN R T A M R, SR PR TR 0. 2 ml, pH [ TG 779, FAt SE
HERPLIEFR R, SRAEGERREREFNEFRES IR T RUNEE RN, LK
i NaOH(0. 1 mol/L) 1 HCI(0. 1 mol/L) A7 5769 pH, 73R Mitchell"™ , 9 T WA/ INEREE RS 2K
X SER A, A0 T E0E K B B9 /MR BEZE 3000 r/min B0 10 min 4P HEUR FMA R R B F BT,
RGBT EEIL, AREREREE pH = 5 WA TERAT LK, E8-METE 4d H2E5E
T, Bz E s AR R &R AR
1.3 &A@t E

HT VR RAEARE pH £ T AT R, NMEMRSEPIHE LT 3 MR A  FAE R (Survival
costs ) . ZF7H A ( Reproductive costs) F5R A4 7 CHT ( Residual reproductive costs) ,
1.3.1 FEAMEHEAH

AEFE R BT Y BT AT SR E R E A XRR, HILS R Sarma 2 g 5
&,ﬂ‘ﬁ mx(m01 mg, mz,"')% lx+1(l1 sy by ) u&mx(mO’ m, mz,"')% mx+1(m1 , My, My, *=) 0)iEES
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MM AER , RV FEFE RN ETE G HeHh BRE SR Eo B R A ER, IE3E17 IR 47, DLtk
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TRAXXRBEN HRA LB HRARHEN 75% (m, 51,.,,)33% (m, 5 m,,, )W 46% (m, 5V,),H
Fepdk pH A4 TR HLBI(E 2) ,pH = TN 17% (m, 5 1,.,) 8% (m, 5 m,. ) F110% (m, 5 V. ) ,pH =
8 WK 8% (m, 51,.,) 0% (m, H5m, )M9%(m, 5V,);FRERRBTE pH = 5 HAMHF T AMXLRE
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o A o AR o  RAAHARY
: Survival costs : Reproductive costs Y [ Residual reproductive costs
05 pH=10 05+ a pH=10 05 pH=10
N
0 0 0
a
05 [0 05 |- & A a -05 |-
. e ° ] o
“10 ! I ® & ! “10 I ! L N -1.0 I L 0 I |
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
1.0 — 1.0 1.0 -
pH=9 pH=9 pH=9
05 05 N 05 L
A N
0 o 0 0
05 N 05| ba X -0.5
-1.0 ! ! ! ] | 1.0 ! ! LA f -1.0
0 2 4 6 8 10 0 2 4 6 8 10
1.0 — 1.0 - 1.0
pH=8 pH=38 pH=38
05 0524 05 -
ER I N 0 = 0 ¥
2 NN o
5 osf 05 - 05
o A o
k=) 710 | | | | 710 1 1 1 | | ,10 | | | 1 |
= 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
[
= - _ _
g oH=7 1.0 pH=7 1.0 pH=7
& os| 05L& 05 |-
€ vl
g 0 0 i
A A
0.5 S 05 b \
© A
o o
-1.0 1 I I | -1.0 1 1 I i |
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
1.0 - 10 —
pH=6 pH=6
0512 05 |
0 0 \Q
[m]
[m]
-05 -05 -
‘ -1.0 : -1.0 L L
10 0 10 0 2 4 6 8 10
10 pH=3 10 L0 pH=5
0.5 —\ 0.5 - 05 +
o A
0 3 0 0
0.5 05F A BNS 050
-1.0 1 1 1 1 | -1.0 1 1 1 1 | -1.0 1 1 L | |
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
H#% Age class (d)

B 1 AR pH&HTABRALEEBRERYFHEHASRRIE(O) YA SRRAR(A) MYHEASRAERMN(O)
Fig. 1 Correlations between present reproduction vs. future survival ( O ), future reproduction ( A ) and residual reproductive value ([]) of

B. calyciflorus under different pH conditions

FAREERERRBERBE (p > 0.05); RERSEIIMRRAEFE (p < 0.05) Open symbol = non-significant correlation (p >
0.05) ; Closed symbol = significant correlation (p < 0.05)
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Fig. 2 Correlations between present reproduction vs. future survival ( O ), future reproduction ( A) and residual reproductive value ([]) of
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Fig. 3 Correlations between present reproduction vs. future survival ( O ), future reproduction ( A ) and residual reproductive value ([]) of

B. urceolaris under different pH conditions

ZEAFSRRHERRRABE (p > 0.05); RBFESRTFHERREEE (p < 0.05)
0.05), Closed symbol = significant correlation (p < 0.05)
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Fig. 4 Correlations between present reproduction vs. future survival ( O ), future reproduction ( A ) and residual reproductive value ([]) of

B. patulus under different pH conditions
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Fig. 5 Correlations between present reproduction vs. future survival ( O ), future reproduction ( A ) and residual reproductive value ([]) of

B. angularis under different pH conditions

FAREERERRBERBE (p > 0.05); RERSEIIMRRAEFE (p < 0.05) Open symbol = non-significant correlation (p >
0.05), Closed symbol = significant correlation (p < 0.05)
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£1 FHE pH &4 TR HUMEXRY A RENEHSH

Table1l Correlation parameters of five Brachionus under different pH conditions
pH %44 pH conditions [} 55 #% Equation EHRBR HAEN
BHEREE B calyciflorus
FETE A Survival costs
pH=10 Y=-0.5-0.04 X -0.704" 9
pH=9 Y=-0.1-0.1X% -0.902 *** 9
pH=8 Y=0.38-0.18X% -0.992 *** 8
pH=7 Y=0.14-0.13 X -0.936*** 9
pH=6 Y=0.08-0.13 X -0.838 " 8
pH=5 Y=0.63-0.22 X -0.977%** 7
M Reproductive costs
pH=10 Y=0.33-0.15% -0.875*°¢ 9
pH=9 Y=0.21-0.11X% —0.55ns 8
pH=8 Y=0.39-0.14X% -0.813*¢ 9
pH=7 Y=0.36-0.16 X -0.927%** 9
pH=6 Y=0.39-0.19% -0.9° 9
pH=5 Y=0.12-0.2X —0.676ns 4
BAETAH Residual reproductive costs
pH=10 Y=-0.3-0.1X% -0.79* 7
pH=9 Y=-0.1-0.1X% —0.687ns 7
pH=8 Y=0.16-0.12 X —0.698ns 6
pH=7 Y=0.18-0.14 X -0.929 ** 7
pH=6 Y=0.26-0.21X% -0.965 ** 6
pH=5 Y=0.04-0.04 X —0.788ns 3
FBRE K B. quadridentatus
FETE A Survival costs
pH=10 Y=-0.48-0.02 X —0.233ns 12
pH=9 Y=-0.71-0.002 X 0.067ns 9
pH=8 Y=0.14-0.08 X -0.946 *** 13
pH=7 Y=-0.32-0.06 X -0.903 *** 12
pH=6 Y=0.06-0.08 X -0.941*** 13
pH=5 Y=0.02-0.15X% —0.88ns 4
M Reproductive costs
pH=10 Y=-0.5-0.04 X -0.769* 9
pH=9 Y=0.13-0.05X -0.291ns 10
pH=8 Y=0.27-0.09 X -0.682" 10
pH=7 Y=0.27-0.1X% -0.773** 11
pH=6 Y=0.38-0.13 X -0.903 *** 11
pH=5 Y=0.42-0.18X -0.784" 8
BAETAH Residual reproductive costs
pH=10 Y=-0.35-0.06 X -0.702* 11
pH=9 Y=-0.35-0.06 X —0.702ns 8
pH=8 Y=0.33-0.1X -0.736 ¢ 11
pH=7 Y=-0.1X -0.753* 10
pH=6 Y=0.13-0.06 X —0.584ns 11
pH=5 Y=0.5-0.43X% —0.774ns 3
BRERER A B. urceolaris
FETE A Survival costs

hitp : //www. ecologica. cn



3504 £ F % R 28%
gx

pH %44 pH conditions [E} 1575 #2 Equation EERH R HAEN
pH=10 Y=0.12-0.11 X% -0.96"** 10
pH=9 Y=0.2-0.13X -0.957*** 9
pH=8 Y=0.15-0.1X% -0.975%=* 11
pH=7 Y=0.05-0.1X% -0.948 *** 11
pH=6 Y=-0.02-0.1X% -0.905 *** 11
pH=5 Y=-0.68-0.01 X —0.135ns 8
M Reproductive costs
pH=10 Y=0.29-0.02 X -0.769 % 9
pH=9 Y=0.13-0.05X —0.291ns 10
pH=8 Y=0.27-0.09 X -0.682°* 10
pH=7 Y=0.27-0.1X% -0.773 ¢ 11
pH=6 Y=0.38-0.14X% -0.905 *** 11
pH=5 Y=0.42-0.18X -0.784* 8
BAETAH Residual reproductive costs
pH=10 Y=0.16-0.1X —0.63ns 8
pH=9 Y=-0.04-0.04 X —0.548ns 7
pH=8 Y=0.17-0.11 X% —0.737ns 8
pH=7 Y=0.18-0.1X% —0.64ns 9
pH=6 Y=0.23-0.14X% -0.968 *** 9
pH=5 Y=-0.34-0.1X% —0.73ns 7
THRERIE M B. patulus
FEARM (Survival costs)
pH=10 Y=-0.2-0.04 X -0.818*** 21
pH=9 Y=-0.53-0.02 X -0.69 %" 22
pH=8 Y=-0.1-0.03 X —-0.866 *** 24
pH=7 Y=-0.1-0.05X% —-0.893 *** 18
pH=6 Y=0.1-0.05X -0.93%** 23
pH=5 Y=-0.5-0.02 X -0.71%** 24
M Reproductive costs
pH=10 Y=0.4-0.09X -0.892%** 16
pH=9 Y=0.3-0.06 X -0.773%** 21
pH=8 Y=0.25-0.04 X -0.846 *** 23
pH=7 Y=0.17-0.05 X -0.553* 16
pH=6 Y=0.34-0.08 X -0.887 %" 18
pH=5 Y=0.44-0.07X -0.878 *** 21
BAETAH Residual reproductive costs
pH=10 Y=-0.3-0.04 X -0.736 "¢ 16
pH=9 Y=0.2-0.04 X -0.779 *** 20
pH=8 Y=0.18-0.04 X —-0.851%** 23
pH=7 Y=0.15-0.16 X -0.579* 16
pH=6 Y=0.2-0.07X -0.937*** 18
pH=5 Y=-0.15-0.04 X -0.733%** 21
ARERER MR B. angularis
FEARM (Survival costs)
pH=10 Y=-0.24-0.06 X -0.9227%** 10
pH=9 Y=-0.71-0.01 X —0.30ns 11
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gx
pH %44 pH conditions [E} 1575 #2 Equation EERH R HAEN
pH=8 Y=-0.45-0.06 X -0.84° 7
pH=7 Y=-0.24-0.08 X -0.87° 10
pH=6 Y=-1+0.06 X 0.696ns 7
R (Reproductive costs)
pH=10 Y=0.23-0.19X% -0.829** 11
pH=9 Y=0.37-0.11X% -0.897 *** 12
pH=8 Y=0.34-0.2X -0.919** 7
pH=7 Y=0.35-0.14X% -0.918 *** 11
pH=6 Y=0.47-0.15X% -0.853** 8
BAETAH Residual reproductive costs
pH=10 Y=0.22-0.12X -0.96°** 9
pH=9 Y=-0.2-0.1X% -0.923 *** 10
pH=8 Y=-0.3-0.15% —-0.924ns 4
pH=7 Y=-0.05-0.11 X -0.944 ="
pH=6 Y=-0.93 +0.02X 0.495ns 6

ns = non-significant, * =p<0.05, % * =p<0.01, * % * =p<0.001

Bell & Koufopanou'*’ Hill , 7£58 B MY FFHEAR 4 T AR AL AR T BEAS RE BRI 1 , A= A A ZE 1
BRHETA MR . FAMANESREERRNMBRERMABEY S, TSR T AR, 1Ak
HABER BRI i, 188 Bt i, AR e 30 5 b (BR PR B pH ) B9 A 78 {U4 2 HL7E 8 H3E
i (i pH) RN EBE , X BAERFRE BT Bell AN ER MBI, ST, Roff™ 45
H7ERE B ERSE P, A i B SRR A VT BB BRI , AT BOTEEE A It AR TR AU, X T BERL R AT S
SRR (ERERRANARERRR) A ERAMMEN pH K4 TEEANBAEZRIERE,
HEJUAR , TRIRE PR U SR R SR AR S A DR BT IE A Sarma %51 A1 B A IR 9 & W9k A
BRYFRAMT FAET LU 58 R B A F A

KIS RGE S, BIRE  pH YR ARG YW AN By i R ES " BT
BRI BT S5 R TR H S M AR TR . RV AT RS T IR R~
18 Reznick %"'$ tH B 4 MR ML 1) SR BUE SRR U B, ABIFLBA B Bell ™™ g Jr ik
TR R AT A, BRI 2 Reznick %™ % Bell f9BFSTH FLIHAAT M W B4 T TRIGALE, B
AT DL TR , Sarma %1% 3 T 458 1) SR RAETE KA SRR TERA M, BV B
B AR B TS AU R T AT, 8 4 T SR RTRR AL Fh M IR R o 7 Sarma 1 (2R B, ABF 5742
H T 55— AT B 3%, BIARYE Williams'™™! BB, TR AT A (2L T ) SR AR AT RO A
K)o BRFY, XFEY I LR Sarma 1 FTEEG MRS RO A ST A7 58 B R R PR AL
R, AT T MEAE RO BT T X PP 755k B DR R A BT PR LU U B 48 s iy A 71K
#r, T BLAE Bell™ YOy TLrk il s A FE AU 488 40 it (Bell BRFTH R8T 4t ) e A BT PR
WE T AT

SRR THEBRNBREF T E ZL5—REE N AR 775 7RI b AR A 7 U B
T, 2 S A Y MR B TR U B A R R AT AT, IX R 7 BB 58 L SEUER PP 4T By A2 R AR
A, B A TR R LA ELR T o
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