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Effects of crowding signals on population growth of two Brachionus rotifer species
LI Chen, NIU Cuijuan”

Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, College of Life Sciences, Beijing Normal University, Beijing
100875, China

Abstract: Chemical signal is one of the primary channels of sensory input for zooplankton. Chemicals released by
zooplankton individuals can affect their behavior, including migration, feeding, predator defense, growth, reproduction,
and so on. Rotifers are adequate model animals for chemical ecology studies in aquatic system, with a rich literature on
inducible defense and sexual production. However, studies associated with the effects of chemical signals on population
competition have not been reported. Brachionus calyciflorus and Brachionus angularis are both common freshwater rotifer
species. B. angularis, who has a lower threshold food concentration because of its smaller body size, would out-compete
large body sized B. calyciflorus when the resource is limited. The present work examined the effect of crowding signals on
population growth of B. calyciflorus and B. angularis. Culture medium conditioned by rotifers was used as the crowding
signals and two crowding levels were set for each rotifer species. Population growth experiments of the two rotifers were
carried out at an initial density of 1 ind./mL in 5 ml and 20 ml medium for B. angularis and B. calyciflorus, respectively.
Regardless of the treatments, B. angularis reached its maximum population density at 100 ind./mL after 23 days, while it
took B. calyciflorus only 3 to 8 days to reach its maximum population density, which was far lower than that of B. angularis.
Both B. calyciflorus and B. angularis showed a higher population growth rate (r) and lower maximum population density
(K) under the crowding signals of B. calyciflorus. However, neither B. calyciflorus population nor B. angularis population
was significantly affected by the crowding signals of B. angularis. The maximum population density of B. calyciflorus was

inhibited by its own crowding signal (from 9.124 ind./mL to 4.564 and 3.448 ind./mL under low and high crowding
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signals, respectively) , leading a 50% decreasing of the carrying capacity K of the population. That was probably because of

the inhibitory effects of autotoxins. Meanwhile, mixis ratios of B. calyciflorus populations fluctuated between 40% and 80% ,

and showed no significant differences among groups, because B. calyciflorus was sensitive to population density and mixis

ratios were high at all these population densities. Because population growth of B. angularis was obviously affected by its

own crowding signals, growing to a higher population density, and its threshold food concentration was lower, as a result,

exclusion of B. calyciflorus by B. angularis may become quicker during the competition process. These results indicated that

crowding signals may play an important role in the competition outcome between different rotifer species.

Key Words: crowding signal; rotifer; population growth; interspecific competition
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Fig.1 Population growth of Brachionus calyciflorus (a) and Brachionus angularis (b)
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Control represents control group, AL and AH represent low and high B. angularis crowding signal treated groups, respectively. CL and CH represent

low and high B. calyciflorus crowding signal treated groups, respectively (the same labels for the following graphs)

F1 logistic RIS £ K MK SH(ValuexSE, + F/m 5% HZH 2 [0 A W E 1Y 2 5 ,0=0.05)

Table 1 Parameters describing the population growth logistic models of the rotifers Brachionus calyciflorus and Brachionus angularis in different

experimental groups ( ValuexSE, * represents significant difference with the control, a=0. 05)

ZHK Parameters

SEBH Groups K r a R?
AR A o Control 9.124+0.224 0.718+0.060 1.696 0.994
B. calyciflorus AL 8.957+0.457 0.827+0.140 1.817 0.979
AH 8.180+0.366 0.749+0.127 1.545 0.974
CL 4.56420.213* 1.881+0.430 " 1.448 0.983
CH 3.448+0.450 * 2.158+1.254 0.974 0.934
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CL 62.740£1.268 " 0.286+0.020 2.611 0.986
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* KR A AL 22 ] 25 5 3 (P< 0.05) , Control ; XFHRAL, AL (KA BB G S, AH, mARE R IR EFS,CL: k2

B RAE MU IR 54, CH. 2 (LR R ft U R 5 4

* represents significant differences with control (P< 0.05); Control represents control group, AL and AH represent low and high B. angularis

crowding signal treated groups, respectively; CL and CH represent low and high B. calyciflorus crowding signal treated groups, respectively
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Fig.4 The population growth rate of rotifer B. calyciflorus (a) and B. angularis (b) under different experimental groups ( Mean+SE)

AN) bR R R — B R 4 ) 22 5 8 2 (P<0.05)

2.2 AT SO AL R ORI A T A s )

ANTR] S 56 2 5 AR R A HROR R 11 1R 58 SR B v (]
FIAR AR IE LN & 5 iR

AL IR M 5 B R A R I AT A0 HT (4 235 SR
IR EAR S XA S A1 AL R A R R A IR 28
RIWEHM(P=0.25),

FE ) TR 52 R AE 40%—80% 2 ] I 5 , 754% 52
I Z R E MR B 22 5, S LA RAY
FESR 4 K BLARAR B,

MRIE LI EE R, AL 4 MU (R 5 X A R
T RS ORI AR T R A8 H B Rh RIS IR AT 1 35 52
Wi, Al P AR | RIS A N K T A
FE P4 HU A5 5 00 T 5 R A8 IR e AN 18
B R BRI I R AR AN 2, A R A Bl
RERNRASRAE A LA Z MW T B 25

TESCR = R RE SIS T, bR 29 BT IR 32 2 BR
YERIAE , 52 ma Fh e 2 B A I 1 KA 3 4. (1)
5 SIS AT ™, (2) YRR FE 8 A 55

http ; //www.ecologica.cn



23 4] TR SF AR SN PURE R4S A AR R 6915

1.0 -
—o— Control

et AL
08 - - AH o
-0 CL &N
- CH
P Lo
2 06 /
TE 04

0.2

Fif 1] Time/d

B 5 FARAXKALHEERRAMERIEMRAENTL
Fig.5 Changes of mixis ratios in populations of different

experimental groups of the rotifer B. calyciflorus

Mtk )RR R d EER

WEEAR S P oA T LS S48 AT A AR G
AP W) BT, A A Bl e 2 25 77 A L e IR
T LR A IRBR I X6 R 1) 38 45 8 7= 2E
M R KRR, (LR R S A
() 22 1) 2 HA R S R 2 A R R s M A £
SRR I Z (B AN REAH B A AR Y R A B
SRA R T 100 >/mL %5 B (14 A 5 2 66 LB
AT LU AR R A SR A AR Y (A AR S
FHT A0 e e R RS20 1) ) 9 R 0 R % P A
ST 100 A/ mL, BRIAS S5 v RSt AR SZ 3R
)RR R e IR R AR 5 AR Y 22 A s A MR
BRI AR o X T[] o 28 B2 A5 X FoRE B9 4 T, b e
TR AS 6 It 5 PR 9 K S5 0 98 3 i 396 o >, (R P
TEIRE—E B EZ 5 AT AT A PR,
TG (198 B A7 5 R AT BV S 1009% IR 38 %77
TRASRAERI IR B — 5 5 8 Z Ja YR — D L8
FaE WY 7K X [ — > g B, A e A B I 8 B e —
14, PRI A 52 36 2 22 [ 79 TR A8 238 AN 25 Y BRAR R 1) 22
St o AHEFE PR RS UM R TR S R A& S0
Mz RFNZER, 5 EIRMERHART, H I 7EA
S R [ Aol A 5 I A AR 1) 2 5 AN 2
H AP AR B T AR

AR A A SR LA o Rl e 2 X AR
PR RE AR S v AR R IR R AR TS
THERE R RN K A 1, X 5 Yoshinaga
AL FARE A R S HUHEA T A i 3R S 06 A5 B 1 B

FEAERARDL, #8948 R R A A~ A k&
I (B 208 L, R0 U T FSC A IR AR T, 00 U B s )
RUAR /I T AR Rt iy, ASBIESE R 2 N
PSR A B2 ABOR LN, (ELA5 3] 7 285 B 5 5 el A A
HE R B I A AR, FE K AP P WA
R, KEF G S ORERK EF W EE, K
2% ( Daphnia magna) WA R W1 AR K
A B 2 8 i o ] A 0 YA T ) P v T 3%
W13 ( Daphnia hyalina ) B 0 52 90 S I 308 % 2% B
SEHEING R AR R3S AR S v AR R R g o
(085 BEAR 5 R 2 R 50 U RIS K R4 i B0
BAN L K AR, BT USRS dUAg A ] 55 4B T %IR58
G2 Hh  WZIBAFTEA AT IR PE R

) HEEEH (auto toxicity ) & 98 %6 B AY
X B #EF R B Y BT, AT DA AR A
%, Kirk "IESE T B AR A S Y B R P ST
B0 % MR PE B 8 ML ( Synchaeta pectinata ) FhEE B I
T, SEE R i R R R a2 B AR
FHTIBREAR ™, S ABLAY 1 B 400 00 ] 592 56 5 o 11 410
TSR AE K & A & B, i HL I e i) 25 B A%, 29
40—150 /L 1Y% BT A R B5Y . ARBFSE b A
KIEHIEFRW AT LIAE—E R B B BRI R P i AR
R HE SRR LT 24 h MBI ATRERLR T
KA A By, He b i S 26 A ) o 1 R R Ak o
VERTRN A SR R00CR, T SR e S8 T T Y
IXA] BB 1 N A% S A 2 ) AP R A 22 ey

ANE Ry B BRI R IR A — K&
R 2% B2 A5 5 AR 3 U KT 85 AN/L By /K & g
WO/ IMATY K 8 (AR R < 1.8 mm) A #0144
B SUE W LN RISy PR € R (ER N
BRI K 2 A B 11 2 B 1O 30 B 3 A 40 7
ROR GG OC, TR58 A SCH o op SR IE B
FEHUTE 100 A/ mlL )85 B RIEULEE 2] H B4 X Rl
FERG I A AmR CR TT 1BDE R 2 46 B ( Brachionus
rotundiformis) (R 2 120 wm ) 7648 55 A9 % B (865
A/mL) T A F B0 GF R R R SR
RS (R K2 220 wm) A FEAE FXS FRER) 2
ZNiE K52 S T A 2R R AR L (K 110—150
pwm) FEE K {EAE 100 4~/ mL BFHIF32 [ 2548 F 895200
WA ZE, R R R AR RN, f 2 A &

http ; //www.ecologica.cn



6916 VST

34 4

PEFTRIER] o vl B8 5 48 BRI SE &, A #AE
FR 500 2 it e HRUPATRL Py D /N T A, =40 AR R A
LR SO0 A S R A ORI M OR A
G PR A6 HU P 5 0 AR R 2 e ORI R T 41 o 2
R XA ATRERE th TARE BB ERS &
A BRI E A 7 A A o R A AR R A D i
SEAERE R HU™ AR B RERG I ) 48 HUR R (9 1 Qi 4
B2 ARG H RS = S4IE

i LR VHe Al LUR | 3 U A 5 0 4
T R 4G SRR IR R ) 3 B A R A 9
B, B A 5 5 B 1 2R B AR AT P 2
WL T RER RS AN 2 TR LN £
R A HULF- A 52 H A F RS2, 3 o2 8 fa
FiHE R % A 2 R 6 e mT LA B/ N B 3R AR (H
SEAERE R HUA AU R A B SR R AR A B 22—
IEAMATRIR /N (4 £ 5 R 48 HL £ ) e B2 I (B AIR
RESEA R R AR 2 i ey, DR e A S 5 7R RS R
e HUN T G rh 2 78 5 R R R S S P AR AR 3
TETE S BRI S X IR A HURR 2 B B AN AEAE
BT A A 5 M) sl RS VAR DN | T % 245 5 o A
PRFHE R R BIHFE, AT 25 72 R 48 U
R R T X B R B A, BB B A 2R R At U HERR
X ] BRI T A LA — FALA 7 s AR Y
HE , BRE W SR RS AR At dsz B B
JEAR 5 A i G AR S 4 b A T 95 3, (R
F SRR PR R b A B 2 A7 A, PR R/ i e L 2
SRR TR ), (E g R B b 1 I B
AT REf S E BE A & T S AR BOR Y 2 4
TR R R AE Y R, AT DAUHE T, 7E 48 U 5E
Frrp  BUE ST LRI AUE RIS LR
ARV FH 22 S5 o X 3 A2 SR A I AR

Brigh - S BB RE R B A SCE AR RS B

References:

[ 1] Snell T W. Review paper: Chemical ecology of rotifers // Rotifera
VIII: A Comparative Approach. Netherlands: Springer, 1998
267-276.

[ 2] Bronmark C,Hansson L. A.Chemical Ecology in Aquatic Systems.
Oxford; Oxford University Press, 2012.

[ 3] Gilbert J J. Asplanchna and posterolateral spine production in

Brachionus calyciflorus. Archiv fiirHydrobiologie, 1967,64 (1) .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1-62.

Sarma S S S, Resendiz R A L, Nandini S. Morphometric and
demographic responses of brachionid prey ( Brachionus calyciflorus
Pallas and Plationus macracanthus ( Daday) ) in the presence of

of the predator Asplanchna
Asplanchnidae ). Hydrobiologia, 2011, 662 ( 1):

different  densities brightwellii
( Rotifera;
179-187.
Gilbert J J. Induction of different defences by two enemies in the
rotifer Keratella tropica ;: response priority and sensitivity to enemy
density.Freshwater Biology, 2011,56(5) : 926-938.

Burns C W. Crowding-induced changes in growth, reproduction
and morphology of Daphnia. Freshwater Biology, 2000,43 (1) .
19-29.

Conde-Porcuna J M. Chemical interference by Daphnia on
Keratella ; a life table experiment.Journal of Plankton Research,
1998,20(8) : 1637-1644.

Folt C, Goldman C R. Allelopathy between zooplankton: a
mechanism for interference competition. Science, 1981, 213
(4512) : 1133-1135.

Gilbert J J. Population density, sexual reproduction and diapause
in monogonont rotifers: new data for Brachionus and a review.
Journal of Limnology, 2004,63(S1) ; 32-36.

Gilbert J J. Contact chemoreception, mating behaviour, and sexual
isolation in the rotifer genus Brachionus. Journal of Experimental
Biology, 1963,40(4) : 625-641.

Kirk K L. Enrichment can stabilize population dynamics:
Autotoxins and 1998, 79 (7).

2456-2462.

density dependence. Ecology,

Yoshinaga T, Hagiwara A, Tsukamoto K. Effect of conditioned
media on the asexual reproduction of the monogonont rotifer
Brachionus plicatilis O. F. Miiller. Hydrobiologia, 1999, 412,
103-110.

StembergerRS, Gilbert J J. Body size, food concentration, and
population growth in planktonic rotifers. Ecology, 1985, 66 (4) .
1151-1159.

Tilman D. Resource Competition and Community Structure.
(MPB-17). Vol.17.Princeton ; Princeton University Press, 1982.
Fernandez-AraizaM, Sarma S S S, Nandini S.Combined effects of
food concentration and temperature on competition among four
species of Brachionus ( Rotifera ). Rotifera X, 2005, 181:
519-534.

Kumar R, Rao T R.Effect of the cyclopoid copepod Mesocyclops
thermocyclopoides on the interactions between the predatory rotifer
Asplanchna intermedia and its prey Brachionus calyciflorus and B.
angularis. Hydrobiologia, 2001,453(1/3) : 261-268.

Sarma S, Araiza M A F, Nandini S. Competition between
Brachionus calyciflorus Pallas and Brachionus patulus ( Miiller)
(Rotifera) in relation to algal food concentration and initial

population density. Aquatic Ecology, 1999,33(4) . 339-345.

http ; //www.ecologica.cn



23 1

TR SF AR SN PURE R4S A AR R

6917

[18]

[19]

[21]

[22]

[23]

[24]

Stemberger R S. A general approach to the culture of planktonic
rotifers. Canadian Journal of Fisheries and Aquatic Sciences,
1981,38(6) : 721-724.

Aranguiz-Acufia A, Ramos-Jiliberto R, Sarma N, Sarma S S S,
Bustamante R O, Toledo V. Benefits, costs and reactivity of
inducible defences: an experimental test with rotifers. Freshwater
Biology, 2010,55(10) . 2114-2122.

Yin X W, Niu C J. Predatory rotifer Asplanchna brightwellii
mediated competition outcome between Brachionus calyciflorus and
Brachionus patulus ( Rotifera ). Hydrobiologia, 2008, 610 (1) .
131-138.

Ciros-Pérez J, Carmona M, Serra M. Resource competition and
patterns of sexual reproduction in sympatric sibling rotifer species.
Oecologia, 2002,131(1) : 35-42.

Stelzer C P. Population regulation in sexual and asexual rotifers:
an eco-evolutionary feedback to population size? Functional
Ecology, 2012,26(1) : 180-188.

Schrider T. Diapause in monogonont rotifers. Hydrobiologia, 2005,
546(1) : 291-306.

Stelzer C P,Snell T W.Specificity of the crowding response in the
Brachionus plicatilis species complex.Limnology and Oceanography,
2006, 51(1): 125-130.

Gilbert J J. Mictic female production in the rotifer Brachionus

[26]

[27]

[28]

[29]

[30]

[31]

calyciflorus. Journal of Experimental Zoology, 1963, 153 (2):
113-123.

Snell T W. Sex, population dynamics and resting egg production in
rotifers. Hydrobiologia, 1987,144(2); 105-111.

Fussmann G F, Kramer G, Labib M.Incomplete induction of mixis
in  Brachionus calyciflorus; patterns of reproduction at the
individual level. Hydrobiologia, 2007,593(1): 111-119.

Burns C W. Effects of crowding and different food levels on growth
and reproductive investment of Daphnia. Oecologia, 1995, 101
(2): 234-244.

Verschoor A M, Zadereev Y S, Mooij W M.Infochemical-mediated
trophic interactions between the rotifer Brachionus calyciflorus and
its food algae. Limnology and Oceanography, 2007, 52 (5):
2109-2119.

Goser B, Ratte H T.Experimental evidence of negative interference
in Daphnia magna.Oecologia, 1994,98(3) : 354-361.
Yoshinaga T, Hagiwara A, Tsukamoto K. Why do rotifer
sigmoid ~ growth  curve?

populations typical

Hydrobiologia, 2001,446-447(1) : 99-105.

present a

Snell T W, Dingmann B J, Serra M.Density-dependent regulation
of natural and laboratory rotifer populations. Hydrobiologia, 2001,
446-447(1) ; 39-44.

http ; //www.ecologica.cn



