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Abstract

Zooplankton play a crucial role in the material cycling and energy flow of aquatic ecosystems. Their
population growth and community structure are sensitive to environmental changes, making them
important indicator organisms for water environment monitoring. Consequently, the influence of
environmental factors on zooplankton population growth is of great significance for the conserva-
tion of aquatic ecosystems. We conducted laboratory simulation experiments using Ceriodaphnia
cornuta and Moina micrura in this study based on the Sanyang Wetland in Wenzhou City, exploring
the effects of different phosphorus nutrient concentrations and interspecific competition on the
life-history strategies of these two cladoceran species. The main findings are as follows: The con-
centration of phosphorus and interspecific competition significantly influenced the life-history
strategies of both cladoceran species, but the response patterns exhibited great differences among
two species. For Ceriodaphnia cornuta, phosphorus concentration significantly affected its popula-
tion growth parameters and individual size, with high phosphorus environments promoting the
body length at maturity and net reproduction rate, while interspecific competition primarily mani-
fested in delayed age at first reproduction and reduced average lifespan. For Moina micrura, in-
creased phosphorus concentration conversely decreased its intrinsic growth rate, and low phos-
phorus conditions increase its individual body size, while interspecific competition exerted a more
pronounced inhibitory effect, significantly reducing its intrinsic growth rate and net reproduction
rate.
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T = SR Oy SR KR E S R, LRI s IR 45 0 B W R RN R e, HS2
EE IR . ATE AMA A CUESE, BERIKENZIBHIE IS IR AR R R R T — . TR S
T, R A L AR SRR B —— A RN SR (Ceriodaphnia cornuta) MR BRIE R (Moina mi-
crura){ENRIEFEXS G, B SR B XA R A E SRl . PR R ARG SR RENE . S84+ 8 ) 53R B0E M 1
ERTREAAAE R 2 S, O o AL ) LRI T AT B TR s S R I B 1 R B AR A R A 2 S

BRI, AHITST BRI 3 N PEHI 2, RGRFUA RIBEE 77 0 BN Wy MRS (0 25 0% s mi B fe LA
SO SR NI, RO S TS BAEXS RO . BIERHE . MR KR B ST T B AN
I FEA AT SRANILA BT FAE B A a5 AL T A, TR N BRI sh PR E VR 1T R
YR TR A SRR

2. ARAZE
2.1. SRt

2.1.1. TEEFXE

5390 A RIS (Ceriodaphnia cornuta) AT ARG R (Moina micrura)H i 100 H AR BYAR T (1) B A4
MR T3E S0, AR 25 CHEIR B FRAA Th HEAT I KB IR DO BR BHA RN o« 15 77 W11 6 H B2 4 50% 3577
B, KIERRBARFIAEEY), IR T RIGMNEEAFEAAR PRIk A (8] /N T 24 /NS RIZIRAE 528658 B

BB 5 M 77 Ehih B R AR IS B8 (Moina micrura) N1 58 M L% (Ceriodaphnia cornuta) S35 5% I
T RE, EHSLIMAMRENL 1, BHMEIANEL.

AN TN MR RS R AR R BEALIE I 10 RSB M, B T3 400 mL B 7=
(K] 500 mL BEAR sPEAT FARET TR, BEH SR 50%8 Rk

S AL EE T KON YRR PRSI A EL 10 RAME, JREE T [ — 500 mL BEAF s, B
TR I e 5 B 2] — B0, By IRk s OR P R R A, R OCE G A e T B S IR 400
mL ZIEEZk . SRIOHFEE 40 K, TR 4 RSHAT —IAEE MRS

IR IC A ARG M, 3 IR S0%EE IR IAME, JEERGiTT 20% 5 R EEAEA . 1T
AR TR AR 7R R ), o8 A B PRI IR UG , KR TR ASRHAE (R A 18 SO A2 G B AR A R 70 281 2
Giit e UG KRR S R IR B I SR B TR A A AR A IR

Table 1. Competitive experimental conditions

=1 EFEWEN

% 8 (mg/L) FrJi Yih(n=3)
Lss FRPRE IR FRMEUER AR
REHIT MRMSUE + PRRIE R
o PR IR FRMLUE PARRIE
REHIT MRMSUE + PRRIE R
05 FRE IR RMSUE PRI
REHTR FRMLUE + PRI
0.05 FRE IR RMSUE PRI
REHTR FRMLUER + PRI
0.00 FRE IR RMSUER PRRRIE R
REHTR FRMLUE + PRI
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2.1.2. EHFREW

FESEIG AN, 735 T 55 04 104 20, 30 RAKHAPATREA PREALIEE 4 R AR AR ] <24
N, BT 10 mL NFUBRCR, AR 25°C = 1CHHIRZ M TR BioRid R b/ N EREEIR EESEFFAE 0.5 x 106
cells/mL, 4 HEH#: 50%55 773 3F AP e S R iR 97 86 . SLi0RpS: 10 K, 49 Hid Sl MG 3L
POBT AR . FEE BTN, 0 BN B LB — i R R T RS AN E (R K ESH), IRl 25

BLC R HE -
2.2. MrEIEHRRTTE

CRGE AR
FEE R AT R(L): R x IRFTE MA LB
R g SRR B R (my): FERE AL x DT A7 5L

HERER(Ry): BRGNS IR, R = Lm, ;

HERI (D) FPRER TAUM EME A B T T T TN, 7= xlm, Ry .
B () FRBETERE R 0 A FIOBAIN K, o = InR, T, FORS (L RAE RN+ 52 f S

AR " e m, = 1 B (L R B R Excel B SR,

2.3. BUROHT

A58 A Excel 2010 #4724 82, Givt o Hr4h 18 H GraphPad Prism 10.1.2 A1 Origin 23.0 #47

2.

3. MIREGR

3.1. BFEFHTAME RS EIFRA RS 7E e &
3.1.1. BFEHTARMLGEE FE SN

WU T7 22 M B, W B 5 3 4 3 95 7 200 1 RIM LU (Ceriodaphnia cornuta) ) 2 8L 35 S 48 b5
FEAE TS B R E R, 4R T RSO IR ST R AR

Table 2. Single-factor ANOVA results on the effect of phosphorus concentration on the life history indicators of parent Ceri-

odaphnia cornuta in a competition culture experiment

2. REEFATUPERENERBRWYREELETEENEERTENTER

A3 SR AR RS ST HI(SS) H i (df) 177 (MS) F A pfE
IR 0.05994 4 0.01498 5618 0.0124
BB R (d ) K777 3\ 0.0001605 1 0.0001605  0.06017  0.8112
B * 530 0.02903 4 0.007257 2721 0.0908
IR 84.48 4 21.12 6.027  0.0098
1§ EHH % (Ro) a7 10.41 1 10.41 2971  0.1155
BERE * HFRIT 72.6 4 18.15 5.179*  0.016
IR L 3.754 4 0.9385 1202 0.3685
AL () A 3.028 1 3.028 3.878  0.0773
BERE * HFRIT 2.818 4 0.7046 0.9022  0.4983
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780353 6.492 1 1.623 6.44™  0.0079

75 (d) 7T 1.352 1 1.352 5365 0.043
B * #5375 2.548 4 0.637 2.528  0.1068

IR 1.8 4 0.45 9 0.0024

HIRETE H#(d) B 14.45 1 14.45 289***  0.0001
A T Y 1.8 4 0.45 9 0.0024

IR 66582 4 16645 49.99"™  0.0001

PE R R K (um) B 1.02 1 1.02 0.0030  0.957
WEIREE * BT 1827 4 456.8 1.372 0.311

IR 5636 4 1409 7.339™  0.005

A 4R R K (um) Hiar T 447.5 1 447.5 2331 0.1578
WRIREE * 5 2213 4 55.33 0.2882  0.8791

e BEMAKP: "p<0.05,

“p<0.01, " p<0.0

(1) MEEKSH
Tl B 0T £11 5% X S (Ceriodaphnia cornuta) N 523K 2 B 35 1) 3 RURL(F (4, 20) = 5.618, p < 0.05),
T 5 4 R 32 RONE K 38 1) 4 58 ELA FH BRI B8 2 MR 7KF(p > 0.05) (131 1(A)) o T4 SR T2 [R] I 32 B ik
FER 25 ERN(F (4, 20) = 6.027, p < 0.01) S WA FE 5 364 (1) 42 25 58 ELAE 20 (F (4, 20) = 5.179, p <

0.05) (K 1(B)), IXHITE4 X BEA i RO O TR BE iK1

B2 (p > 0.05) (2] 1(C))e

01. F,

A EHEBTERMARMLENER KR B 24 44 F 3540 £ 2SR SUR e R 2
0.4 15 —
* = %7%2 a *k = ﬁﬁ:
2 0.3 _ a
&; R 1\% 104
?K‘- 0.2 I B - i a
a b % c c bc
Bk # 5 = B a 4
7 0.1 I . a — =
_— E
o0 2 secce Scoce
@ .@ ?»“ .@?? 9“.@?»“ @ SIS E (S EE S
BN (ng/L) BHREE (ng/L)
C B4R TRRMRMLEL R
1. a a = T
2 lma o~ =
%’ 8- = == a a a a
[=] _ . —
E ]
g
£ &7
# ]
4 T T T T T T T T T T
SEPL PP SESSS
DR OTATANT R RN N
BERE (mg/L)

AT 33 U A B2 WA P BT 4 ) S22

Figure 1. The intrinsic growth rate (A), net reproduction rate (B), and age cycle (C) of the parent Ceriodaphnia cornuta under
different concentrations of phosphorus nutrients in a competition culture experiment
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Tl Ak 5 55 v W] 555 40+ 350 S8 355 S W0 £ 8 W 800 (Ceriodaphnia cornuta) FV EAE 5 R B « 1 UCERE H 8RB
FE(F = 9.000, p < 0.01)FI555+(F = 289.000, p < 0.001)3 & Lt AR sty ma 5, HLAFAE 53 25 (138 EAR F(F =
9.000, p < 0.01) (] 2(A)), I TEG XS A FE Ja BT 8] R 5 e DR Bl ok 5 AN [l 1 S o 350 73 i 52 B Wl vk B2 (F=
6.440, p < 0.01) 5355 4+(F= 5.365, p < 0.05) 1235 EAAR M, (HP#H LA EAEHE 2(B)). TEAMEKR/NTT
T, P B 558 A B A A F AN 52 Bl Ak P58 1) ¥ 3 32 BRORES2 1 (43 7904 F =49.990, p < 0.001; F=7.339,
p<0.01), FEFLZHAERHAREE 2(0). El 2(D)).
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Figure 2. The age at first reproduction (A), average lifespan (B), mature body length (C) and body length (D) of newborn
offspring of parent Ceriodaphnia cornuta under different phosphorus nutrient concentrations in a competition culture experi-
ment

F 2. EREFTRPIARBEFRLKETERARMIZNEREAEBRA), FEFH®B), MHREEKO), %
MRIK(D)

3.1.2. BEEHTREBEZEEEME
IR E G Z T RR, 4857 75 N IR NG B (Moina micrura)W) 22 B A= 78 L g br =4
TSR, TR R RN A B, HNE TR e be DRI B A BEAE R (R 3).
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Table 3. Single-factor ANOVA results on the effect of phosphorus concentration on the life history indicators of parent Moina
micrura in a competition culture experiment

3. REEFTEPBREMNFEA BRI RE LR EERTESTER

AT S AR b I FI(SS) HEEd) BT MS) F A pfH

IR 0.01848 4 0.004619 3.29 0.0576

W B H (@) P Y 0.0462 1 0.0462 32.9"* 0.0002
BERE * BFi 0.01527 4 0.003819 2.72 0.0909

780353 121.5 4 30.38 3.466 0.0504

i E5H % (Ro) B30 271.9 1 271.9 31.02** 0.0002
BRI * IR 158.4 4 39.6 4.519" 0.0242

IR L 2.203 4 0.5506 1.113 0.4028

AR () P Y 3.199 1 0.7998 1.617 0.2447
R * HEFRT 02318 4 0.2318 0.4687 0.5091

78045 1.48 4 0.37 0.6229 0.6567

75 (d) B 0.002 1 0.002 0.003367  0.9549
BRI * BT 2.168 4 0.542 0.9125 0.4932

IR 1.3 4 0.325 2.167 0.1466

HIRETE () L i 1.25 1 1.25 8.333" 0.0162
R * 3T 25 4 0.625 4.167" 0.0306

780353 209179 4 52295 5.497" 0.0132

A B AR K (um) BT 25713 1 25713 2.703 0.1312
WL * FiRJ7 5 66606 4 16651 1.75 0.2153

IR 35625 4 8906 17.9" 0.0001

B AE S AR (um) T Y 11786 1 11786 23.68** 0.0007
W * 3T 70122 4 17530 35.23" 0.0001

(1) FEEKSH

T G0 il BRI I (Moina micrura) RIFP NS K SR I HE 5 2L 1) 208 o SR BRI B8 (Moina micrura) )
A S AR (F = 32.9, p < 0.001) A1 ZHH3(F = 31.02, p < 0.001)3 52 21 58 (4 0 35 £ RN A, ik
JE R R0 R 38 A R BB AT (K] 3(A)). R 4 S0 R 52 2B IR I 5 55 410 B 2 BAR T
S2I(F = 4.519, p <0.05) (&1 3(B)), 2B 564 % FLZE0E 7 sz e B2 FE OB T- IR B oKk~ o AR AR =2 4F
— PR B A BAE ) 2 3 S (] 3(C))s

() MERE &R

TER B b, o B H W 52 355 4 1) 2 2 E N 52 (F = 8.333, p < 0.05), HAFTERZERIA HAE
F(F =4.167,p <0.05) (K] 4(A)), FRUATES A5 3 BN [A] PR 5 000 Rl ok B2 AN [T S0 - 359 75 o U oK 52 1o
TR BCSE 4 (1) S8 2 MR (1] 4(B)) o FEAMA K /N THT, PRG35 BEAZ Bl VR B 1Y) I 3 2 AR 5 il (F = 5,497,
p <0.05) (K 4(C))e HZIERMEEIAXS LI, Bk SR R K A 52 BB E(F = 17.9, p < 0.001) 555 4+(F
=23.68, p < 0.00 )M & F RN 52, F HFE 2 [RAFTEM 35 1022 AR FI(F = 35.23, p < 0.001) (&
4(D)), REEACFAIAELIL FPE T 5B KN
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Figure 3. The intrinsic growth rate (A), net reproduction rate (B), and age cycle (C) of the parent Moina micrura under different
concentrations of phosphorus nutrients in a competition culture experiment

Bl 3. RFEFIRPIARBMEFRLKRE TERAMBERERNAEERRA), FEERB), HREAHHO

A FEEFA T AR R R EH B R B & &M T AR E &6
7.5 1 -
G
7.0 7’?10_ a a a a mm 5
ﬁ 6.0 & o I I
X i*®
im 5.5+ B
B 87
5.0
4.5 [ e | T T T
QQS"’%QQQ‘(;"’ N "’%“Q“‘é”
QT QTR AT AT R QA
BHRE (ng/L) BHRE (ng/L)
C SR TR R R D S TR G K
1500 8
~ — = S B e ——
g_ a G 600 kKK
ﬁwoo—ﬁl a2 a Vi -, e ***b_ica_l
TR I e
4 500 = gm
i J
#
0 T T T T T T T T T T v T T T T T T T T T T
SE P LE HEP Q& & Q.@ RO \?§° & Q.“"’ & f’
QR RTATNT R R AN BB (ng/L)
BHRE (mg/L)

Figure 4. The age at first reproduction (A), average lifespan (B), mature body length (C) and body length (D) of newborn
offspring of parent Moina micrura under different phosphorus nutrient concentrations in a competition culture experiment

4. TFEFIRPIFHREFBLRE THRAMBRERNA) EXEERAR, B) FiaFaw, (O MRAKEK,
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K 5 EoR T AR B B 2544 T M RN SRR ((Ceriodaphnia cornuta) N TSR IE 1R (Moina micrura) 1L 55
BIR 55 p i I B ORI R AR, (ERIRTRFM T, M RINGUE(Ceriodaphnia cornuta) ¥ i KA
P FE R R 1) I S TS, FERE R LA B KT (1 2.0 mg/L)B), AR BEHEE 15,000
ind./L, FEABEEFEERXHMEGEK BA B2 EER . eSS WERIERE (Moina micrura) 353577 1) 244
T, RS (Ceriodaphnia cornuta) {E& A FE T WSO FHRE R BESSMC T % 7%, JUHAEMRmE 261
(1 0.5 mg/L) FFEFE9BA S,  i50 B PR R) S 4+ 2 2 BR 1) 1 FhaEIg K.

TR IR (Moina micrura)(E A EE TR TR I HH B WV FE Ty FhE 2 FE S a5, 7EBRIREE N
0.05 mg/L ik F|%) 12,000 ind./L. SRT, FETRGr oM T, HAVHES RS T SR 4, JUHAE h Sk
FE( 1.0 mg/L) R FFEIREERR, AR5 A RMNOE(Ceriodaphnia cornuta) 01 55 5+ i 72 v 52 21| HH
ErAEIE P

25 b, WEE IR ER KT P A A S I R ) B S, S A R T R R [EI
Foli ] 38 40 S 35 SR 1 R TE S KT R BRI B, R ITE SR PR AR T 3 8 R0 P s s A
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_ T 15000 .
< a = 4 2 * - éiu
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Figure 5. Maximum population density of Ceriodaphnia cornuta (A) and B Moina micrura (B) in monoculture and compet-
itive culture experiments under different phosphorus nutrient concentrations

Bl 5 TRBREFHT, BEMZFEFRIRPARMIE (AOMBERER B) HEAMEEE

4. R EEWN
4.1. R

AHF T LAR M = FER AT 5, SR AP AMAIG AN S N SLIR TV, IRIT T IR B PR T I S S AT REAE
SIS R -0 i SR E TR A5 A e o T BP MG 45 2R, I T BU% (Ceriodaphnia cornuta) F1l
UM P (Moina micrura)VE N = N SERG A2 R AEY), 8T R WABILSEEG, $RIT T A FEE 7% 2Rk i K Fh
() 5, 2 0F TP A A 3 SR SRR (R RE e . R EE IR

(1) BE IR RIS B YR 72 5

FeT PR S 2 (A R SO A KK i B AR SETE, RIS SRR« BRUR AR ma S o T Al
RIBRNG R (Moina micrura) ¥R 08T A= A4 44K 0G0 B ik BEAR R BBURK, T SRAR A KANAE )5 A 2 B3
SO RN SRR, FERURSZIRT, SEACKI T —Fh “HRAEE AR KGR SRmE[9], BIKAT IR 55 IR
Mo s FI T ORI JE AR B4R 36 4 58 1 (BUR I g0l 8 B S s A7 s %), AR AE 1 B B R IR K
X SR AE U B PR o A g B A

BEAh, TR HT I 5 AR AR I RIRT b, 5E4 15 00 T I TARHE i AR I OB R R A
BRI R X AT A L ER R ISR IR, ERHIE TR mGEFEED) IR, AR
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THEIR EIH IR Be B T 4R AA7, DR SEAEIAL10]. SRTT, X ARSI A 2 BRI 1 Ao A0 P4 B2
Re 7, BV AT AR AT E S i 75, ORI (Moina micrura) FIFREEECE G KA A 2R .

(2) Tl ] 5 5 X AN [ 470k P 52 T 5 22 A [

A RM SR e S 2 N E BRI KSR 5 V545, o4 SR K. s
PRIERER 56 AU, SE4 B N SR KR 50 B, JUHAE TP AR BE T 10 2508

() W5 wFRAL HIEM

PRI B R . IR E I H ISR ) R W “BE > 525 ” AN, UIIM R K P
WS T AR SE A R S T )
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