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Temporal variation in composition of Brachionus calyciflorus complex and life

history traits of sibling species in Lake Tingtang
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Abstract: Despite their high morphological similarity, sibling species often coexist in aquatic habitats presenting a
challenge in the framework of niche differentiation theory and coexistence mechanisms. Here Brachionus calyciflorus species
complex inhabiting Lake Tingtang, a shallow eutrophic lake, was used to gain insights into the mechanisms involved in
coexistence in sibling species. The animals were collected once a week from Lake Tingtang in July 2011, when the water
temperature increased from 28°C to 32°C. Then the animals were clonally cultured in lab, and their COI genes were

sequenced and analyzed to reconstruct the coexistence dynamics of sibling species. Forty-seven rotifer clones from four
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collections and two sibling species were used to calculate their life table demographic parameters including life expectancy at
hatching, average lifespan, generation time, net reproduction rate, intrinsic rate of population increase and the proportion
of sexual offspring at 28°C and 32°C , and with 1.0x10°, 3.0x10° and 5.0x10° cells/ml of Scenedesmus obliquus as their
food, and the responses in the life table demographic parameters to water temperature, algal density and collection batch
were analyzed to explore the coexistence mechanisms. In total of 59 samples, 38 haplotypes were defined, among which 2
distinct lineages (Lineages I and Il ) were revealed by phylogenetic analysis. Sequence divergence was 13.9%—15.6%
between the two lineages, indicating the occurrence of two sibling species ( sibling species T1 and sibling species T2). The
relative abundance of sibling species T1 in the density of the species complex decreased rapidly from the first collection to
the third collection; and in the fourth collection, the sibling species disappeared from the water body. However, the relative
abundance of sibling species T2 increased from the first collection to the fourth collection; and after a week, the sibling
species also disappeared from the water body. All the life table demographic parameters of sibling species T1, and the
generation time, the net reproduction rate, the intrinsic rate of population increase and the proportion of sexual offspring of
sibling species T2 significantly varied with increasing collection data. In the first, second and third collection, the average
lifespan, the life expectancy at hatching and the generation time of sibling species T1 were markedly longer than those of
sibling T2. In the second collection, the net reproduction rate of sibling species T1 was higher than that of sibling T2, but
the reverse was also true for the proportion of sexual offspring. In the third collection, the proportion of sexual offspring of
sibling species T1 was significantly lower than that of sibling species T2. The low density ( < 20 ind./L) of the species
complex could not lead to compete with each other for food and space resources. Meanwhile, the similar intrinsic rate of
population increase (P>0.05) might contribute to the coexistence of the two sibling species. The disappearance of sibling
species T1 on 29 July and sibling species T2 on 5 August from the water body might be attributed to their decreasing net
reproduction rate and intrinsic rate of population increase on 22 July and 29 July, respectively. The main reason for the
difference in the time of disappearance between the two sibling species might be that all the life table demographic
parameters of sibling species T1 were not significantly affected by temperature (P>0.05), but those of sibling species T2
increased with increasing temperature ( P<0.05).

Key Words: Brachionus calyciflorus; algal density; life history characteristics;

sibling species; temperature;

temporal variation
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Table 1 Details of sampling date, population code and number of

sequenced clones (n) found in each collection from Lake Tingtang

SRR SRS ] TR TERERL
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Lake Tingtang
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Fig.1 Phylogenetic trees based on partial sequences of 59 COI genes of B. calyciflorus
3 TRMELERA R HHMBORES (1) REDSHY () IEEBRSHE()
Table 3  Number of clones (n), haplotype diversity () and nucleotide diversity (p) of the two B. calyciflorus sibling species from

Lake Tingtang

RS WhIRF T1 sibling species T1

Wik Ah T2 sibling species T2

Population code n h P n h p
YA 8 0.893+0.111 0.00351=0.00090 14 0.835+0.101 0.00271=0.00066
LB 5 1.000+0.126 0.00787+0.00156 11 0.891+0.074 0.00374+ 0.00071
LC 1 - - 3 0.000+0.000 0.0000+0.00000
LD 0 - - 17 0.956+0.044 0.00372+0.00069
5 100 O] WRERMTI 5 AT 2.2 I IRFh A R AT S HL
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Fig.2 Relative abundance of the two sibling species in B. 11 o7 = 7 R TLVF 4 2 KUY A ML HY S (<

calyciflorus complex from Lake Tingtang
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Fig.3 Life expectancy at hatching, average lifespan, generation time, net reproductive rate, intrinsic rate of population increase and
proportion of sexual offspring of two sibling species in B. calyciflorus complex collected at four batches from Lake Tingtang and cultured at

two temperatures and three food levels ( Mean+SE)
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Table 4 Results of three-way analysis of variance (ANOVA) performed for life expectancy at hatching, average lifespan, generation time, net

reproductive rate, intrinsic rate of population increase and proportion of sexual offspring of two B. calyciflorous sibling species collected from

three/four batches and cultured at two temperatures and three food densities
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X Batch (C) — — . % % . . x
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TEAS HMELL X 4358 2 AN 0] GB IX 40 19 | R 38 1 49 A7 1Y)
WHRRR) PR SRR G0 B 2 S A 2R
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PSR SEAT R I PR, ASBIFFE LA COl K
PRSI bRiC , X [R] — 7K A4 o oA 1) 25 A6 T e 8
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x5 RENMEYEEN3IMMAZREERD 2 HHEMEEGRETFESHOBM(=HFEIr 25507
Table 5 Results of three-way analysis of variance ( ANOVA) performed for life expectancy at hatching (e,), average lifespan ( LS),

generation time (7') , net reproductive rate (R, ), intrinsic rate of population increase (r, ) and proportion of sexual offspring (PS) of two B.

calyciflorous sibling species collected from three batches and cultured at two temperatures and three food densities

£ Facton EME PHm BRI RERR NEMRE RRRLE
€ LS T R, T PS
45 1 #LIK The first baich
TR Temperature ( A) Y % o * - % % _
BAYHE Food level (B) ok - - - - . %
Wk Fh Sibling species (C) * % ® % — _ _
AXB — — — * I ®
BxC — — — — % —
AxC — — — ® % % % —
AxBxC — — — — — _
5% 2 LK The second batch
ML Temperature (A) — — * _ _ "
EWEE Food level (B) o o - - . -
LR FP Sibling species (C) * % * % - w % — % %
AXB — — — % % - _
BxC % sk %k * * ok — * ok
AXC * % % % * s % %
AXBxC — — — — _ "
5 3 LK The third batch
R B Temperature ( A) . . — _ 5 % s %
Y E Food level (B) * % * ok * - - %
WhIkAh Sibling species (C) o o x % _ _ -
AxB * ok * ok * % % - -
BxC % ok * ok * ok * ok * ok * ok
AxC — — — — — _
AXBxC * * — [, _ _

* % P<0.01,* P<0.05,—P>0.05

A WFE 4 SRR, =5 0 R 4 th b R b 22 1]
(i COL B P41 22 51 7.29%—26.8%" "> 52 ¢4
AN B e R I Wk Bl ( B. plicatilis | B. ibericus 1 B.
rotundiformis ) 22 [8] ) COT F& K 3 31 22 55k 22.8%—
25.6% M H 48 B ( Keratella cochlearis ) B iR AP 2
1) COT FEH T3 22 50 4.4% % REFTEH, L &R
I IS P8 22 57 1 23 HEA 13.9%—15. 6% o
HRIEZEAINSE Xiang 551 2 X IE 1 T JLAS K A4
HHEE PR R e R B AR [ A S TC 52 S0 R COL B A 78
SIFHN T aE R, LR T MR N JE AN A 6 o
KA
3.2 B U IRANZH AN A AR 1 I TR) A2 AR A% SRy

A BTV AR A R R A A RN
B AXAESS 1 U A0 2R B v LA 5 A0 B AR 0
WRAR B 7RSS 2 HE YR 1 2R 48 Hp B K A R g 20
£ A475(2008 4F 12 H 30 H—2009 44 A 5 H) Ky
Je 1 T B I v AR R A P e A R R ) ) 2
AU PHBIESE Ml R I T T 3 R R A R S o
S VAR TUA B IR ol 2 18, 758 53 s 2o b 14 4 A1 7R 1
) S (A7) D ARG R A R dURp
02 A5 A DR T s AR o %) R K 2 B o ] %) 4 RS 171 S22
PP A 4 AL BRIRAD T1 A AH XS 2 B2 1 26 1
LRI 5 3 OB REAR, 255 4 HER MK A
B S MUA R, W ikoR T2 R X = B HI B 2 15 R] 1)
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% 34 &

MR mEE T, 28 H S H MK, aTi,
Tl A2 5 PR A B4 P () 28 P S mT RE PR 7K A 4 1 ol
BN RIS, L] — A A P 58 T R o 3L A7 R
— L,

TS b SRR R et A A7 I ok b 4L
FATPRIEAZALBIRE AL, W IRFP T1 25 RG2S
UL R g R T2 A THEAC S [A) A B R A B K
FME AR A R AL HA W] i PO AR T A% R
H T8 A B R A% ey A BRI BN [ A e e 241
T, A5 W IR IR i 1 235 40 D B I I) % 7S i R
A 3 BV TR A RIS 4 7 4 8 H A 35 o A
A AR AR A DRSS S5 F2 2 AR N R E
3.3 WRIRFRL RURH AR AL Y A A AL R

MR A 25 2 R AL AR A 2 S5 B R, b
IR LA R4S e 22 /0 N7 55 4 BE ) AR
T8 A EAF DT AR, s B R A AR S A, sl A
SRIK IR B 2278 AN JE LA RS S Y B 358 11 - BCR A
I 584 o AHEC, BEAR 2= 19 97284k, JEA7 A Ih IR Al Y
FHARTF I ) R A A 3 4 B sl MAGE & B 4507
AT REAL T3, SRR s Sl R A 2 5
PRI P T P 5 0 A v 4 85 00 A
Iop kA 2 18] 1T e AR ARG PR SE Y RS S
WX &I B. plicatilis . B. ibericus 1 B. rotundiformis
5 3 ANMREIMBAF AR 25 25 55 00 Wb ok o 22 [ ] 5
PRI T A o Ui R AR () 3 P | T R
FHFNB A B RE 3 45 75 T Y 22 S QL i e 1 b ) 5 4+ 1Y
ZEJR T AR S EE W T RN A A R AR SRR
(IR 1 AR 2500 00 ) e AR A7 1 E IR
Iﬁﬁ‘i,B. plicatilis 1 B. manjavacas LIRS MK /NG
JEERH AL i 1k Ao 2 A 00 S EAT 7 T X T v A9 66 88
AN SR 3 I T E AT TR AR S 2 A, 83T A
(I3EAF

TTHEIrp 2 AR R Ae Rl &2 A IR B 4 7 7
HOBAR (<20 A/L) MY e IR B R, BT ik
Foft Z TR] AN 25 PR Ry £ ) s 8] 2 468 77 A 5 4 5
IR IRFAE AR P BEHERORAE R ROE G SR W 1Y
To 2SS EATRES ILAE T [R] — K AR P Y 55—
FEFA, M RF T AR SRF T2 767 A 29 H
8 H 5 HAKMOKAH IR N-S EATE 18 i
P FE AR ) B R B B PR AR G T R I )
Ry 2SR ATRETE TR IR T1 B PT A AR ar R g it

SRR B B Tk iR A T2 (BT AT AR
RG2S RO B A TRLEE A T i 1 3
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