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Responses of the spatio-temporal dynamics of rotifer community structure to the

concentrations of N and P, and the effect of top-down in two lakes
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Abstract: The view of relative importance of the roles of N and P concentrations, and the effects of ‘ bottom-up’ and ‘ top-
down’ in regulating the spatio-temporal dynamics of rotifer community structure has been debated. In order to investigate
their relative importance in controlling rotifer community structure in subtropical shallow lakes, the rotifers in two
subtropical lakes, Lake Jiuliantang and Lake Tingtang located in Wuhu city, Anhui Province, were collected twice monthly
from July 2011 to June 2012, and the relationships between the species richness, species diversity as well as evenness index

of rotifer community in each lake, and the concentrations of N and P, as well as the densities of potential predators of
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rotifers were analyzed, respectively. Carlson trophic state index of Lake Jiuliantang and Lake Tingtang was 60.77 and
62.21, respectively, and both lakes could be characterized as slightly eutrophic. In all the environmental factors, only the
annual average concentrations of TN and NO;, and the annual average densities of the rotifer Asplanchna, the Cyclopoidea
and its nauplius were significantly different between the two lakes (P<0.05). A total of 48 rotifer species belonging to 15
families and 21 genera in Lake Jiuliantang, and 55 rotifer species belonging to 15 families and 24 genera in Lake Tingtang
were identified, of which Synchaeta, Brachionus and Trichocerca accounted for the most proportion of the rotifer species
numbers in both lakes. The dominant species in density contained 7 species and 4 species in Lake Jiuliantang and Lake
Tingtang, respectively. In Lake Jiuliantang, the densities of Cyclopoidea and its nauplius were higher in July, August, early
September, November 2011 and April 2012 than in the other months ( P<0.05). In Lake Tingtang, the densities of
Asplanchna were higher in July, August, September, November 2011 and May 2012 than in the other months ( P<0.05).
The analysis of Pearson moment correlation showed the P concentration was negatively correlated with both the species
diversity index and evenness index of rotifer community in Lake Jiuliantang ( P<0.05), while the N concentration was
positively correlated with the species diversity index of rotifer community in Lake Tingtang ( P<0.05). In addition, the mass
ratio of TN : TP showed positive relations with species diversity index in both lakes (P<0.05). Canonical correspondence
analysis (CCA) indicated that both lakes exhibited a high degree similarity in rotifer communities and could be clustered as
‘type I and I’ when the densities of potential predators of rotifers, such as Cyclopoidea and its nauplius, and
Asplanchna , were respectively high. The other rotifer communities in both lakes were assembled together as *type I ”. All
these findings suggested that the parameter of TN : TP ( mass ratio) could be more suitable than single factor of N or P for
reflecting the effects of N and P on the species diversity dynamics of the rotifer community structure. The spatio-temporal
dynamics of rotifer community structure depended mainly on the effect of ‘top-down’ when the density of potential predators
of rotifers were high, and the effect of ‘bottom-up’ were the most important factor in regulating the rotifer community

structure when few potential predators of rotifers occurred in both slightly eutrophic lakes.

Key Words: rotifers; community structure; spatio-temporal dynamics; N and P concentrations; *top-down’ effect
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Fig.2 Annual dynamics of physicochemical factors in Lake Jiuliantang and Lake Tingtang
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Table 1 Annual average values of physico-chemical factors, TSIc and densities of potential competitors and predators of rotifers in Lake

Jiuliantang and Lake Tingtang

1545 Environmental parameters JLEYE Lake Jiuliantang VT3 Lake Tingtang
JKIE Water temperature ( WT)/C 19.93+9.91 19.05+10.00
442 a % Chlorophyll a concentration ( Chl-a con.)/(pg/L) 25.32+12.85 26.57+10.27
FRH%E pH 7.63+0.79 7.45+0.91
BB Transparency (SD)/m 0.79+0.21 0.72+0.19
S Total phosphorus (TP)/(mg/L) 0.12+0.26 0.07+£0.04
WiAREL Phosphate (P03 )/ (mg/L) 0.10+0.23 0.04+0.02
S Total nitrogen (TN) (mg/L) 0.94+0.27 * 1.40+0.37 *
A& Nitrate nitrogen (NO3-N)/(mg/L) 0.31+0.21" 0.48+0.32 "
Z A Ammonia nitrogen (NH;-N)/(mg/L) 0.05+0.07 0.07+0.07
TN:TP (Fit ) (Mass ratio) 31.92+39.89 28.50+22.58
FIRFRE FRRAFEEL Carlson trophic state index (TSIc) 60.77+4.52 62.21+3.23
SR U Density of Asplanchna/ (~/L) 1.10+£1.68 " 10.80+16.89 *
K25 Density of Cladocera/ (/~/L) 0.48+0.73 0.10+0.17
7K FHE Density of Cyclopoidea/ (/L) 3.80+5.45 2.50+3.81
T GRS Density of nauplius/ (4~/L) 17.70+28.47 ¢ 4.70+6.49 *
#* P<0.05
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Fig.3 Annual dynamics of the densities of potential competitors and predators of rotifers in Lake Jiuliantang and Lake Tingtang
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Table 2 Species composition of rotifers in Lake Jiuliantang and Lake Tingtang
- e JUiEYE Lake Jiuliantang TTH#W) Lake Tingtang
Species Abbre. Feai 1 Rl Rl G|
Station | Station I Station | Station Il
&R HF} Brachionidae
LR RS M Brachionus calyciflorus Bra cal + + + +
ZLR R RS I B. diversicornis Bra div + + + +
BB R B. forficula Bra for + + +
R B B. caudatus Bra cau i +
R RBAC L B. angularis Bra ang + + + +
AR A B urcealaris Bra urc + +
BRI B. falcatus Bra fal + +
Yt B 46 U Keratella cochlearis Ker coc + + + +
i Ji e R 58 . K. valga Ker val + + + +
SRR K. quadrata Ker qua + + + +
FYRfa B . Anuraeopsis fissa Anu fis + + + +
FHE B H A. navicula Anu nav + + + +
JRIB %S HL Notholea labis Not lab + +
ZJEHA} Filiniidae
K =48 W Filinia longiseta Fil log + + + +
INZIAS . minuta Fil min + +
B =L F. brachiata Fil bra + +
Fh B} Asplanchnidae
T e 48 1L Asplanchna priodonta Asp pri + + +
NRBERE L AL brightwelli Asp bri + + + +
SR F Trichocercidae
/NSt RS B Trichocerca pusilla Tri pus + + + +
B IRT RIS H T. rousseleti Tri rou + + +
YIS REIH T, gracilis Tri gra + + +
S S RE L T similis Tri sim + + + +
55 SR T. capucina Tri cap +
—Fh SRS T, sp. Tri sp. + + +
YEEFF Synchaetidae
WhPEBIE M Synchaeta tremula Syn tre + + + +
KEJEEIH S. oblonga Syn obl + + + +
REJEBIIM S. stylata Syn sty + + + +
FUORPEBI I S. pectinata Syn pec + + + +
KIETEBFEW S, longipes Syn log + + + +
AMEIEEIH S. grandis Syn gra + +
—FPEBI I S. sp. Syn sp. + + + +
EHEZ B . Polyarthra dolichoptera Pol dol + + + +
— a5 L Ploesoma sp. Plo sp. +
JZ 4 FE Gastropodidae
INBURE FEHE B Gastropus stylifer Gas sty + + + +
MRS B G. hyptopus Gas hyp + + + +
YRIE TeAW 48 HL Ascomorpha ovalis Asc ova + + + +
WRTARFE I A. ecaudis Asc eca + + + +
PEERTCARFE I A. saltans Asc sal + + + +
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i e JUIEYE Lake Jiuliantang 112 Lake Tingtang

Species Abbre. FERL FERLT FERT FERLT
Station | Station [l Station | Station I

—FPTEARFE IR AL sp. Asc sp. + + + +

7SI Hexarthriidae

F AW Hexarthra mira Hex mir + + +

JEE#F Lecanidae

— PS5 I Lecane sp. Lec sp. + + +

LI BB S W Monostyla pyriformis Mon pyr +

KBRS M. elachis Mon ela +

—Fh LRSS M. sp. Mon sp. + + +

RAEFFL Conochilidae

X APLRALEE B Conochiloides dossuarius Con dos +

A RAERE UL Conochilus unicornis Con uni + + +

PIARERAEFE B C. hippocrepis Con hip +

K% R} Epiphanidae

T4 R 5 . Rhinoglena frontails Rhi fro + + +

BeHAFL Colurellidae

BB 4L Colurella obiuse Col obt + +

BOREE P4 Lepadella patella Lep pat +

REETHE I Loacuminata Lep acu +

RS Euchlanidae

BRI L6 U Euchlanis lyra Euc lyr +

KRR E. dilatata Euc dil + + + +

HeRe B Notommatidae

—FIHESE I Notommata sp. Not sp. + +

/NE LB Cephalodella exigna Cep exi +

—FPIRAEHE L Eothinia sp. Eot sp. + +

RI3AERL Proalidae

T8 URTILIE B Proalinopsis staurus Pro sta +

—FIRTSLFE . Proales sp. Pro sp. + +

FekeF Atrochoidae

FEEHI I Cupelopagis vorax Cup vor +

JiE4 At Philodinidae

F eSS B Philodina megalotrocha Phi meg +

—FEEE . Philodina sp. Phi sp. +

1T 4 HBEYE AY Shannon-Wiener ZFEPEFE BUFT Margalef Z2FEVEFS B0 0 I (E 43 51 )& 2.34 F12.21, #H
KM a5 R B8 |, Shannon-Wiener ZFEPEFEEUN SIS A & w0 2 808 F i IEAH R H WA RS BA
NS A R ) 1 5 0 2 i TE A DG, T 45 4t e 8 R TE Y 4 A% 32 ) 52 B 4 25 109 670 DG 5 Maargalef Z24F
PEFEE S S A S A A (0] 2 B R AR OC M . A RIS K 7 [F] E o 4 2 B0R] R SR 2 2 A AH O
PE(£3),

PHITA P, %8 HOBEY% 1) Shannon-Wiener 22 #£ P8 BUF Margalef Z2FE 1448 80737315 TN = TP (Jii & L) [8]
P AR DG S TR 17T S0 ORI 0 X S BE AR BT, A 6 JURE Vs B9 ) AP &8 Shannon-Wiener 2
FEVEFR RN Margalef ZAEVEFEEO 73001 5 48 HUR — DL 34l A D0 2052 1) 52 0 W 385 Bp I 3 ) SRUAHOGPE (R 3)
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R3 AEEMITERLHBZNYWFE(S) .Shannon-Wiener ZHHEIEH(H') | Pielou ¥ 5] EH8E(J) #1 Margalef ZiEEIRH (D) 5&
IR E F i By HE X
Table 3 Pearson moment correlation between species numbers (S), Shannon-Wiener index ( /'), Pielou evenness index (/) and Margalef

index (D), and each environmental factor

i H T JUESE Lake Jiuliantang 1132 Lake Tingtang
Environmental factor S H J D S H' J D
JKi& WT/°C 0.11 0.03 -0.02 -0.12 0.06 -0.20 -0.37 -0.19
4% % a & Chl-a con/(pg/L) 0.09 0.14 0.12 -0.06 0.19 0.01 -0.23 0.10
BB pH -0.10 -0.07 -0.02 0.05 -0.01 0.27 0.22 0.06
JK¥E Water depth/m -0.20 0.06 0.29 0.01 -0.30 -0.26 -0.12 -0.15
B SD/m -0.28 -0.25 -0.12 -0.13 0.05 0.16 0.27 0.06
B TP/ (mg/L) -0.43" -0.66**  -0.68"" -0.50" -0.27 -0.26 -0.06 -0.20
WElRE: PO/ (mg/1) -0.44" -0.66"*  -0.67"* -0.51" -0.02 -0.02 -0.10 -0.19
M TN/ (mg/L) -0.22 -0.46 " -0.59"*  -0.24 0.17 0.38 0.50* 0.46*
A NO3-N/(mg/L) 0.28 -0.08 -0.09 0.17 0.14 0.45* 0.49" 0.38
R A NH;-N/(mg/L) -0.39 -0.64 -0.67%* -0.51* 0.40 0.22 -0.14 0.27
FRERS B S . .
Density of Asplanchna/(1~/L) 0.43 0.29 0.10 -0.46 0.24 -0.10 -0.40 -0.11
B K 5% .
Density of Cyelopoideas ( /L) 0.37 -0.05 -0.55 0.08 -0.02 0.14 0.01 -0.08
Density of nauplius/ (/L) 0.52 0.05 -0.56 0.10 0.22 -0.13 -0.43 -0.14
TN :TP (i

(Ut ) 0.37 0.43* 0.29 0.45* 0.31 0.44* 0.26 0.43*

(Mass ratio)

e B — LA R
The dominant degrade of the first dominant -0.55"" -0.84"* -0.79*" -0.61"" -047" -0.55"" -0.10 -0.50"
rotifer species

* P <0.05; =% P <0.01

ST WA Hh RS AR S FE SIS, CTE AR ST PR A SE 10 HT
2.3 PIHINAAE R B RS ) R AR B A

JUSEYEFNTT 35 v 6 AR 2 BB BE 4398 153.7 /L #1490.3 /L, FEXT ¥ 56260, JusE s th e
HEEE B MR T T # (P < 0.01)

FETRFAEIELY > 0.02 % LRAFN B H bR AE 15 0 LB th 48 % LA AL 7 Fh AR
R Z % B (P, dolichoptera) \Z3IR 4045 B (A. fissa) A RF R B (B. angularis) & E B H (6.
hyptopus ) F5/NFERFEH (T, pusilla) /NRIE BRI R (6. stylifer) 1P K FEEIE H (T, rousselet) , 'EATHIE1 %
JE53520 49.1.14.4 13.9.10.910.0 8.7 F1 6.3 /L M7 T %W h 48 By LA 4 B, 3 50 2 518 2 ke
B K ZEEEH(F. longiseta) (ZHIRfaar%e U L B HU( B. diversicornis) , A THI 3% 0510 196.9 |
72.7.70.9 F122.4 /L, A PIITEAOFE RS — SR o i 22 e R (E HCAE T T 3080 v A 4 X 8
LR IS 4 45,

PRIIA 0 S B S LRI 4% B 0 JRAE AR Sl F AR, Fe SR S e T A
HE 9 A FAIAE R KT AR B (9 A T a—11 J B4 3 A Ma)—5 J Ea)) RIK, 2
W ET (K 4) o HHSC A R T KRS U AT T S0 v 0 e S 1 2 AN 3 Y LA
Ktk (ry= 0.42,P < 0.015r,= 0.40,P < 0.01) ,FH4¢ 3R a F {5 JLEESE h aY 40 RV FE 52 90 0 35 1 TEAH G
KFH(r=0.30,P < 0.05), JUEESE D, 58 HUES B 5B R JEAUHTC Y 2 A A0 25 24 S A 0 38 i IE AR G (ry =
0.52,P < 0.01;r,= 0.64,P < 0.01) ; 77T 51 b iy 46 dUE 28 B 5 A 40 TR OO0 4 1A% 32 1) 12 (2 AW Jod 2 1Y)
1IEASEME(r, = 0.60,P < 0.01;r,= 0.69,P < 0.01),
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Fig.4 Annual dynamics of densities of total rotifers and dominant species in Lake Jiuliangtang and Lake Tingtang
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RS BRI S A B AR SE S LE SRTANRIRT SR ESIE — 2, SR, AT A B, JEB 5 s RS o5 L
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Fig.5 CCA ordination diagram of rotifer communities between (RHYF AT IR 1)
the temporal samples and environmental variables Fig.6 CCA ordination diagram of rotifer communities between
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rotifer species see Table 1)

SRt L B B R A IR A B (Pompholyx sulcata) FIHI 56 SRR 56 B2 5 #5 F2 WIVA AU 45 /- B | 15 /)N
SRS BRI =S RS IR R - E S SRR IR R R RO E SRR IR BCE , AR AT HP 4 7 15
TR & S FRACVIHBT B . JUEESE h i) SR8 dL A 5808 R 40 ORIG /)N 5 2 40t 8 2 4 E L kb , i
TTHI 4 R FE DL SRl A 45 2R fa 8 R K = e HURT R 8 R 48 A5 3 R e o, 150 ok S6 4 du i
PR 2] LR R S K AR 97 SR K
3.2 RRHBEEMNZEEEEECS N P S8 & AT R R &R

TEREVE LSO AL G R S BN YR - & B 22 Shannon-Wiener $8 %1 Margalef 1§ BRI 5] B

RS R R FHAEH T2, AT LA RDRHA L A thi A i 258 BRI E M AR B H A 7 A X s g
BWAR Tz gl TR RV A RS TR RS U AT AR SC T 48 UK 45 R 1Y 25 8] A2
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LA 0 T KA R A A SR X K B DR T A AR Al Al R, DRI R 45 A A i ) A5 Ak 5K
PRI A 1] A4 5C R AR % U

TP F1 TN & 5 5K IR 7 ) OB FRIRAE R R B fE= RN || Jeppesen E1EXT KA TP &
HAAEE M0 71 AP N Th 355 A NI I W S Y BETR S50 1 25 (R AR S b AT ge i R B, AEAR
F KT N RS2 ETER T, TP 510 TR e sl i R = w R RN D 22 () 43 ) S I 0 Y A G
LA OC RN . Wen SHULHL, TN A TP 35 5 H & BAFAEE B2 500 5 A8 0T 00 h 46 OBFE 1
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