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Morphometric differences among three sibling species in Brachionus calyciflorus

species complex
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China

Abstract; Morphometric differences of neonates and adults of clone HE1 and HES, clone HE3 and SE1, and clone LE9
which respectively represented three sibling species in Brachionus calyciflorus species complex collected from three water
bodies in Wuhu City were compared by means of one-way ANOVA and discriminant analysis. The results showed that all
morphometric parameters of clone HE3 adult were the smallest, but those of the other two clones were similar. The distance
between the two anterior medial spines and the posterior lateral spine length of clone HE1 and HE3 neonates as well as the
distances between the two anterior lateral spines and between anterior lateral and medial spines of clone LE9 and HE1
neonates were similar, but all the other morphometric parameters were the longest for clone LE9 neonates but the shortest for
clone HE3 neonates. The distribution regions of morphometric parameters with statistical differences were extensive overlap.
Discriminant analysis showed that the total discriminant accuracies of the discriminant functions for the adults of the three
clones in morphometric analysis | and Il was 47.8% and 55.6% , respectively, while those of neonates were both 71.1% .
The identification accuracies based on morphometric analysis I and I for clone HE1 were low and 0 —76.7% and 0 —
74.2% , respectively. The morphometric characteristics used in this study is unsuitable to accurately identify sibling species

in Brachionus calyciflorus species complex.
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FARIC BRI B R4 T4 2 05 VLR 56 BB SR FHER BIBTSE v B B B AR 7 A SRR B W 4R A G
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L1, ¥ 4508 248 L ( Brachionus plicatilis) Je— 2 /0415 14 MERFF R E A1 T 2 88 408 R 46 5
Fe— AN B /INFITRPTE 25 T2 AR G A R E SR & OOk B Fu %0 BB 250 511 434 5 Campillo 251! Kotani
27171 Fontaneto 26" jBF 5 41 2 WARE SR R 46 s Fh & & 1R P AELAR A (B A7 76 TR 25 30 i , T 28 4 B A O L
TRE4RE R4 A A R IR AR VRS . A BRI H(B. calyciflorus) L R— MR AE | B
S AFAE SRV B 5 PRI AR R o AR AT DU T A AR X S AR R R 40 s P B 1 P A SRR A AT o
B, K BT IE BB R B S A5 IO R AR RN ; )R 2, A8 3 4B R 10 %6 A RS Sl 2 S |
BRSO . SR, B ATA IR R R A A A P AEL IR AP 161 T 25 30 B 2 T 5 6 2R AR, i
FEREEEWA R

AHFFE L Motic [ 15 SR 48 A2 40 1) %8 SR [ 6 80 T 2230 000 0 22 BT 915 K 2 7 76 3 5 Kk A oy
R A 3 MEGRF " R R I A TS S BT TIE, IR T T HIB 47, S 1E5R
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1.1 S frskis

SCI6 PSSR R A6 BT 2006 4E3R F 8T 3 S A ARKIAT . KA , BENLBKERE 5 o 3R IR S M4, I
F18°C | ARG OLHESRE L 1301x,L:D = 14:10) 50F FHHAT I/ 57, B3R MR A Gilbert™ Bt J7 (pH {H
7.3) BB EER S HB4 53R 37 (9 Kb T35 B0 K 0 BHE A B ( Scenedesmus obliquus) o Xt & ST I
17 A~FEBEBEAT COT A1 ITS1 R FFI0 4T , 45 & LE st RS , 3L R B 3 MEGRAR Y o ABF5EH, 2051 LA TEkE HEL
1 HES | 52f& HE3 il SE1. 35/ LE9 %3 3 AMEF
1.2 FHSMEMT

AL T8 B0 4 0 B P AL BRI TR S M, G H — 3B 40 (249 50 ) BLHEF 4% H RS
SEJE T ACUHKF AR, BT RATE S IR ; 5 —3 0B THH MB B h R, BRAGR L. HEHRTRE
w4 (] 2h WREE 1 Y, BRIt 5 B 4 ik 2 SO0 AN 4% B 8 )5 T 4°C vkAs PR, B T4k &5
&,

A< 526 i Motic P15 R4 FIUEE: B 23 I3 4 i LA AI4h ik (BEAS B 0 30 M) AT TIR AR, 2
W8 Fu 21 F0 Ciros-Perez 21 757 ¥ , A BT FI 10 MBS ERIE : (A) B BRI 5 (B) BB K ;
(C) T3 iy FP BRI 1B B 25 5 (D) W Al OB (e B 25 5 (E) Rl QiR (R B 25 5 (F) 35 IR BE 5 (G) kB 425 (H)
B TR ; (1) B K (3) JE Mot (181 1)

1.3 BRI

IS Excel 2003 e, AR K 7 22 400 40 D%t 5k HEL HE3 #1 LE9 # sk R4l A& K55
B 25 5 BEVEPT S22 4T, F SNK-q A XA B2 25 SR A B9 BRI AT 2 38 U, 40 BIIR 3 38
West A W B2 RIOTE S MR . N T 5 R A A AR T 2545 A5 AR IR JEL R A 22 1] 4325 9 T ik
FREE, BLFH SPSS11. 5 Geitak a3 Sakie st i mTR 250 B 45 AT 1 B AT o A4 Ciros-Perez 25 fy WL, , —
S % E T 25 D0 R s R T . 30 P01 PR T 252 2 735l AT 525 i 0 8 ot e o SR ) LS, BRI OB, 76
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g ;’; l},]‘;/l\ﬁ;ﬁ k jﬂ}ﬂ%ﬁo Fig. 1 Morphometric parameters of B. calyciflorus

2 EBREN AR, B BRI , C .« 95 B b B 1 B S , D U

BORIRIBE RS E 50 b OB BE R, F W MR E, G2 kM D 42,

B N AFAS
2.1 WERRRAREANKN S Wikmp s B

2.1.1 gREEER
BNT I 20T MSE ERY, IR HE3 3 BUSIA R ST S S BUERI R/, THAR PIIE IR A5 5 AR
R SSHEANEEENZR (R .

F1 ZREERDAMEEEN 3 R AL ARSI (BE £ ARvER)
Table 1 Morphometric characteristics of adult of three sibling species in B. calyciflorus species complex ( Mean + SE)

JHIRFH LE9 JHRFH HE JHIRFH HE3
Sibling species LE9 Sibling species HE1  Sibling species HE3

J& 25248 Morphometric parameters

A HB] K Anterior medial spine length/pum 84.5+3.2a 84.3 +3.1a 52.3+2.0b
HiHKA] K Anterior lateral spine length/ wm 62.6 +2.6a 61.7 +2.6a 41.9+1.8b
AT HH R [B] B Distance between anterior medial spines/pm 63.8 £3.0a 63.9 +£3.0a 33.0+1.6b
iGN 3530 [E] B S Distance between anterior lateral spines/um 186.6 +7. 1a 187.3 £7.3a 117.6 +4.1b
A H ) [B] B B8 Distance between anterior lateral and medial spines/pum 61.2 +2.2a 60.6 +2.2a 41.3+1.6b
H MR Dorsal sinus depth/ wm 84.0 £3.2a 82.3+3.2a 49.2 +2.0b
Sk 1142 Head aperture/ wm 153.0 +5.4a 151.6 +5.1a 108.4 +2.6b
W H & Lorica width/ wm 185.2 +5. 1a 183.3 +4.6a 159.1+2.1b
W H B Lorica length/ wm 293.4 +5.2a 293.4 +5.2a 238.7 +2.5b
JE M 3H K Posterior lateral spine length/ um 46.4 +1.3a 47.2+1.0a 27.6 +1.2b

AR 7 B ) — A5 5 Fy 2 1) O . 2 2 5

2.1.2 HiREEER

JekE HEL 0 HE3 )4 (i v iR [a] B 8 A0 /5 DBRORI I B2 L 7l LEO A HEL &)y % 56 i U1 o) 18] B 5 LA &%
R FR BRI AU ORI B BE B 3 00 BB P22 5, S AN AR L E TR S S B AT LE9 K, 3ef# HEL IR, 38
M HE3 48 (£ 2) .

Xt 3 SHIRFPSIARR) 6 1~ B2 5 BTE SRR AT E R A R B, BN A XA R K ESR (B 2) .
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R2 ZUREERBMESEN 3 WK EATERHE (HEL £ trrER)

Table 2 Morphometric characteristics of neonates of three sibling species in B. calyciflorus species complex ( Mean + SE)

" LE9 HE1 #H HE3
B &L Parameters sibli!itf::cies LE9 sibliﬁrilgﬁsi::cies HE1 siblingtt::cies HE3
A HBiHI K Medial spine length/ pum 73.4 £2.7¢c 51.9 +2.4b 39.5+1.9a
R334 Lateral spine length/um 50.4 +1.8¢ 40.3 £2.0b 32.5+1.7a
AT HH B [B] B B Distance between medial spines/um 34.7 +£2.0b 28.0 £2.0a 27.1 +2.2a
AU 35 [B] 5 B Distance between lateral spines/m 119.9 +4.6b 113.4 +4.6b 89.6 £3.4a
i H {0 3] 6] 588 Distance between lateral and medial spines/pm 41.7 £1.6b 40.3£1.9b 30.5+1.6a
H MR Dorsal sinus depth/ wm 68.4 +£2.9¢c 47.1 £2.6b 37.7£1.9a
33 142 Head aperture/ um 115.7 4. 1c¢ 99.3 +3.1b 85.6 £2.8a
W H & Lorica width/ wm 145.5 £4.4¢ 126.7 £3.9b 107.6 £2.6a
W H K Lorica length/ wm 230.7 +£5.1¢ 196.2 +4.9b 176.8 +2.5a
JE M K Posterior lateral spine length/ um 39.7+1.1b 31.0 £2.2a 27.4+1.1a

AR B 2 [R) — A5 5 B 2L ) T S 2 2

229 41.7 60.6 79.4 98.3 117.1 70 0 94.8 ) 119.6 144 4 ]69 2 i 194 0

/A = Distribution frequency

0.6
0.5
0.4
0.3
0.2
0.1

0
86.0 116.9 147.8 178.7 209.5 240.4 1342 178.7 2232 2678 3123 356.8

KBk 9% Length or width/um

2 ERNEERBMEAEN 3 EKMHEN 6 NFHEERNESSHNS
Fig. 2 Distribution in the discriminant axis selected by step-wise discriminant analysis on 6 differently morphometric characteristics of

neonates of three sibling species in B. calyciflorus species complex

O JHERAP LE9; A SHERFN HE3 s JHAKFD HEL; AR HOBORHC , B RIQDBORHS  F 39 MR, G kiR D42, Ho g R S8 L PR

2.2 ERRE R MR AIRN 3 JHIRFTEARHE 8 A 553
2.2.1  BURTEFAEH H 53 Hr

EFRA DM, BB F BT EB R, BN 99.8% , RS T H, 5218 2 4-H1 5] sk E K
FRIEME 535128 6. 690 F10.765 ; ZETE 45 43 1L w45 21 1) 2 A 51| ok B ) RRAEAEL 23 51 2 1. 849 F1 0. 004 (&
3) o MERIE EARAIFN AR SE M, XU EREAR A B A KX T IO 4328, FIG R WK 4, FIGHERZ P,
J346.7% —100% , FIFNHERHZE P, J47.1%—100% ,JE255047 1 JEE4HT I LG H 5123535128 68. 9% Fi
66.7% . ZRXKAEE,P, 7 20.0%—100% ,P, 7 15.4%—100% ,JE3543H7 1 FIEEAMHT 1T 25435 3| 2%
G350 47.8% F155.6% . K FikE HES F1 SE1 §¢ it sl A i AH RE 2500 B 280 8 AL 7 R BGH AT SN IR SR , P,
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P, ¥12 0—100% , FE25504T 1 FFE 74T I RS BN R 53 5009 50. 0% F146.7% o BRIAIRFF HE3 5, 3
AR PIREIRAP B S U IESE SR S 45 SR B SR 45 58 22 R BLER RARAR, A B iR A A XA E B
ANATEE

R3 EUBRLAMNESERN 3 BHEMHHEHSIHEN AR 517

Table 3 Discriminant analysis on morphometric characteristics of adult of three sibling species in B. calyciflorus species complex

754347 1 Discrimination [ &4t 1 Discrimination I[
S5 Parameters pAi%k 1 Function 1 pRi%k 2 Function 2 PA%% 1 Function 1 pi%k 2 Function 2
R WREKE  RE JUBRGHE  RB WREGE AR JURXHE
Coefficients R Coefficients R Coefficients R Coefficients R

A 1.252 0.545* -0.413 -0.151 - — — —
B -2.186 0.412* 0.974 0.261 - - — -
C -0.430 0.412* 0.645 0.233 — — — —
D 1.039 0.382* -1.687 0.297 — — — —
E -1.371 0.370* 0.421 0.162 — — — —
F 1.648 0.401 0.621 0.690* 0.613 0.764* 0.580 0.552
G 0.218 0.287 -0.023 0.478* - - - -
H -0.256 0.203 0.515 0.459* -0.39% 0.387 1.054 0.463*
I 0.730 0.326 -0.327 0.430* 0.875 0.783* -1.086 -0.177
J 0.730 0.332 -0.190 0.428* - - - -
F#fE{E Eigenvalue 6.690 0.765 1.849 0.004
R 7% Coulative 99.8 0.2 99.8 0.2

proportion of variance/%

“ BB 8 SR R B SS MR B, + AR S A B R B R AR SRR IR 28 X AR A, =" ROR ARG S, A A A BioR]

KB HTRUBORIS , C: BYRT HBoRI E] BEES , D - BYRT QISR (1 BE S, E - 1 vh USRI R B S, F - 99 PREE, G- Skl I 42, H B SEBE , T 9 IR B, T
Ja

R4 LTUBRLAMESEN 3 BHEMBEHZNITERE

Table 4 Accuracy of discriminant analysis on morphometric characteristics of adult of three sibling species in B. calyciflorus species complex

W ETy e IR 454347 1 Discrimination | 45434 1 Discrimination I[

Tests motheds Accuracy/ % LE9 HE1 HE3 LE9 HE1 HE3

PR TIE Original test P, 46.7 60.0 100 46.7 56.7 9.7
P, 53.8 47.1 100 50.0 51.5 100
254 Total 68.9 66.7

L HINIE Cross-validated test P, 23.3 20.0 100 20.0 50 9.7
P, 22.6 15.4 100 19.4 51.7 9.7
254 Total 47.8 55.6

HNESHE Outgrpup test P, — 0 100 — 0 93.3
P, - 0 50 - 0 100
254 Total 50.0 46.7

“="FRBA K ; LEO HEL F1 HE3 ZpHIAZRIESRAD LEO JHIKFP HEL FIJHIRA HE3

LA ST 31 53] bR 5 A AR 4 A AEL R 48 HUSUAA EAT 70 SR MO BOR B B, BT I B A 48 200 2 A2 4
IRFR HE3 S51H kA LEO HE1 X8 BCNBE, M5 P& MM XA A RBRENESHR (K 3)  BE0 T
LA IR B R A — 2, AR RIRE L EA AR WS
2.2.2  HEFEBRFAEFA 4
FEPIUCHIRI AT, R 19 R D7 23980k, 500 0 88.9% M1 97. 7% o FEFLA/3HT 1, 5218 2 4
HIB BRE A HFAEE 3 2. 841 A0 0. 355 7ETR A /04T 11 Hp A5 2 A9 2 >0 51 R B R AE (L 51 O 1. 285 7
0.029(£ 5) o AHUE EIRAHI A AL FME , %I BAEA R 5 A AT B0 28, FIREIR K 6. FI5]
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Fig. 3 Scatter plot of mearsured adults in the space defined by two canonical discriminate functions

O KRN LE9; A JHERAP HE3 ;4H4RFP HEL; ¥ KH .0
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Table 5 Discriminant analysis on morphometric characteristics of neonates of three sibling species in B. calyciflorus species complex

&4 1 Discrimination [ FEZA543#7 11 Discrimination [T
) PR%% 1 Function 1 %1 2 Function 2 %% 1 Function 1 PR%% 2 Function 2
2%} Parameters
R S ARYAH M R JUARYAH S R JUARYAH S R S ARYAH G
Coefficients R Coefficients R Coefficients R Coefficients R
A 2.039 0.641* -0.182 0.336 - — — —
B -1.592 0.562* 0.176 0.190 - - - -
C -0.004 0.560 * -0.371 0.285 - - - -
D -0.305 0.422* 1.193 0.322 - - - -
E -0.333 0.384* 0.741 0.317 - - - -
F 0.689 0.362* -0.852 0.110 0.521 0.849* -0.601 -0.337
G -0.132 0.178 * -0.812 -0.037 - - - -
H 0.139 0.234 0.386 0.609 * 0.247 0.677 1.089 0.729*
I 0.163 0.268 0.207 0.583* 0.457 0.855* -0.266 -0.011
J 0.099 0.430 0.345 0.435* - - - -
¥ fiE{H Eigenvalue 2.841 0.355 1.285 0.029
#1772 Cumulative 88.9 1.1 97.7 2.3
proportion of variance/%

“TFRABRE
R6 LTUBRLAMESEN 3 BHEMAEHHNIWERE

Table 6 Accuracy of discriminant analysis on morphometric characteristics of neonates of three sibling species in B. calyciflorus species complex

WIF T B S 9 TE 7 R &A1 47 1 Discrimination | JE 254047 1 Discrimination [T

Tests motheds Accuracy/ % LE9 HE1 HE3 LE9 HE1 HE3

P EGHE Original test P, 93.3 76.7 80.0 73.3 60.0 83.3
P, 93.3 74.2 82.8 78.6 58.1 80.1
254 Total 83.3 73.3

A HIGHIF Cross-validated test Py 86.7 50.0 76.7 73.3 60.0 80.0
P, 89.7 57.0 92.0 78.6 60.0 80.0
254 Total 71.1 71.0

HNIGFIE Outgrpup test P, — 70.0 66.7 — 0 66.7
P, — 73.1 90.5 — 0 83.3
254y Total 63.3 45.0

‘=" R BRI
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0T TR IL FERE FI 1350500 0 63.0% F145. 0% . 3Z HIGUESS SR 5 R A B G RZ AR, BBHMHIEE 51
XFgE R HEL A5 53 Hr B HERR SR X8R, TR 28400 1 B9 SMIS TE 2 51 ERf R B o
DA SR 51 pR A AR K A5 BH IR AR 56 B 4 AR AT A0 2 I BRI B, Prill B e s 4D 3 N Fpas, Bl
IRFP LE9 S51HRF HE3 \HE1 KA WS, MEHENI R X EARRENESAE (E 4) . ST
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Fig. 4 Scatter plot of measured neonates in the space defined by two canonical discriminate functions
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UETLAER , DATE A5 0B 5088 2 AR T IR S 40 s A A I L3I A R38 . Fu 21 RIBIE 0 B3
WA AR R A B & R/ NI A (L 2R S 2Y) iR ERF , I ELIE S AURE 908 46 4y WA 288E B
RENWEELER SRELEFIHA—F P, K DNA HTIRCHREX RN ER, BEBRREAES
RNEDEH 14 AMERF, B0 3 ARIERAY o SEIERAF AT ARK 4K (L) LA (SM) (/N(SS)3 Fb
507 RGM b X BRI BHLBARXT R AN (BRLE BT T BB A R R R TR SR A 5 S
I8 B8 52 55 , Campillo 251 & BUTE A58 25 AR/ , TB 25 0B 7 RE A o 48 S0 2 4 ol L A ol 4 51
WIRTEE . 5 ERTFR G RAM, AR K I, iHERFN HE3 48 SRR S TE RS HI R K, HR W
BTGB ENER, BANEER SRERBEER " A —BG RSB R M E A RN 3 MERKRM RE
TE S FHE BB FIE 25 20 78 B L BA 2 3t X 73 5F

AR, BAR 3 SHIRFN 4 O BUARRE A 22 R (BARYE 3 SRR 4 A T8 S FAE 20 B 40 /T DA H X 4y
FF, 2R 3 KA E SRS S 2T R T BUE, 58 B4 RS BT SR EE R B SR Al BB AR RE K,
Yin 1 Niu'™) % 3 [7— Se ke 56 BRI BRI AL H B (A 3 FHIE 2 (T0J5 MIBIRY L 4T Uil A0 %54 I DU
ORI | T BRI S MR R T B S R e 2 50 SR AR IR S B B MA (B FE A R 3 SR A R
w23 B 3% — BN 1] G 4 Kk 25 0k B A S U o AR B B R AL B9 45 T L B 46 i ( Keratella
quadrata) 5% B (Polyarthra) SHMEVE R IR EIMAFFETE R 25757 o B0 TN X AR 2528 A0 X AR X
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