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Abstract: With the increasing seriousness of global warming and eutrophication, algal blooms occur frequently in freshwater lakes,
and thus initiate ecotoxic effects of microcystins on aquatic organisms. In the present study, the combined effects of temperature
(16, 20, 24 and 28°C) and microcystin MC-LR (2.0, 4.0 and 6.0 pg/ml) on the morphological characteristics of four strains of
rotifer Brachionus calyciflorus (LZB1, XN2, BNB3 and KMC23) were evaluated. According to the two models of DNA taxonomy,
three evolutionary species were discriminated in B. calyciflorus groups. Generally, the morphological features in the four rotifer
strains decreased with increase temperature. At 16°C , there were no significant differences in morphological indexes among the four
strains. The morphological parameters in KMC23 were minimum at 20°C , and the largest was the strain XN2 at 20 and 24°C. Both
of LZB1 and XN2 showed similar responses to temperature change, and reached the smallest at 28°C , which could be attributed to

ascribing the two strains into the same evolving entity. The responses of egg parameters to temperature change varied among four ro-
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tifer strains. It is thus clear that the identity of cryptic species and/or strain is an important endogenous factor which leads to the va-
riant responses of morphological characteristics in rotifer to temperature. Among four B. calyciflorus strains, the effects of tempera-
ture, MC-LR and their interaction were the most significant to the morphological features of LZB1 which could hold the greatest ca-
pability of phenotypic flexibility. Under the stress of high temperature, all morphological parameters in LZB1 decreased significant-
ly, however, there were no significant effects of MC-LR concentration to morphological features. At low temperature,, the MC-LR at
low concentration did not affect those indexes in LZB1, and in contrast, the high concentration of MC-LR decreased most of mor-
phological parameters significantly. In summary, the effects of microcystins in water to the morphological flexibility in rotifer were
necessarily constrained by endogenous and exogenous factors.
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AMS: i H U B (anterio medial spine length)
ALS: i < (anterio lateral spine length)
HA: 3k 14%(head aperture)

PLS: Jii M B (posterior lateral spine length)
LW: 5 H 5% (lorica width)

LL: 75 H K & (lorica length)

EL: Bl K42 (egg length)

EW: B4 1% (egg width)
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Fig.1 Brachionus calyciflorus showing the body measurements analyzed
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Fig.2 The ML phylogenetic tree of B. calyciflorus based on the COI gene sequences

22 BREXM 4N mATLERR RESHENZIM

KRR TT 2200 T A R R I BEXT 4 A i B A0 R A U 10 MBS 22 S RO A R 3 m (P<
0.001) ; MC-LR {04 LZB1 i F 48 HUR B A I A5 A A8 PR i) S35, MC-LR AL 3 4> 2 58 HURY Sk 1 Al
HAT 520 ARG AR 252 2 B WA AR 45 i AR R HAT A — St s 25 MC-LR i s AR U LZB1
i R AP A IR S SRS AR R E (R ).

F 1 IREE(T) MC-LR(M) B35 238 HAEF (TXM) X 4 A4~ 5 R ¥4 R4t OB S 22500 (F 6)
Tab.1 Effects of temperature (T), MC-LR (M) and their interaction (TXM)

on the morphometric parameters of the four B. calyciflorus strains (F value)

. KMC23 i & BNB3 & XN2 fh & LZB1 f4 &
T M M T M TxM T M TxM T M TM

HA 295.87 " 3.29* 226* 101.21™" 6.00™ 1.52 123.33™* 3.52* 1.68 471.70*10.67 ** 8.14™*
ALS 37.82** 0.16  1.55 49.29™* 3.11* 3.48" 104.86™ 6.09™ 3.42* 486.38 " 7.98 ***10.35™"
AMS 44.66 " 0.93 1.14 49.93™  4.08" 1.47 189.34™ 3.46" 2.42* 418.04™* 9.51*" 9.28™

PLS 19.88* 1.50  2.55" 19.53"" 6.04™ 1.33 155.48™* 0.87 1.14  261.23"* 6.81™ 5.13™*
LL 66.60 " 1.89  1.16 51.53™  4.57™ 1.94" 165.51™ 4.59* 1.28 24537 520™ 3.46™
LW 47.02** 2.67  0.83 34.01™  6.06™ 2.95 85.41™* 3.83* 0.39 267.89"* 3.53* 3.98™
EL 17.13**  1.87  1.87 14.71**  0.77 1.49 61.91 ™" 2.35 333" 97.94™" 6.54™ 3.61™
EW 58.94™ 281 1.17 17.28™ 0.76 1.31  161.31™ 2.39 344" 30.85"" 4.96™ 5.70™
BS 63.18™* 2.42  0.93 47.89™*  7.36™ 3.2777 162227 5.23* 0.43  272.35"" 452" 459
ES 37.33™ 2,68  1.65 2115 1.02 1.57  152.24™* 2.15 3.99" 72347 6727 5.26™

# P<0.05, #x P<0.01, s P<0.001. BAZH: AP HAR (HA) s HEMIBOR I E (ALS) 5 B P BioR] K B CAMS) 5 f5 0t o]
K BE(PLS) 57 EPL\T“(LD B HEEE (LW) s BIKAR (EL)  BRAEAE (EW) s MATK/N(BS) 5 BRIAFR(ES) .

221 BEAMSHE RS 2WASRENTE  RRERITZ0MERRY], B T BNB3 §h R 900K AR LZBI
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il R IALAR Z 8,4 A ZR A HUB 2 S804 2 3R 10 8 2550 0 2 T AR SR R Bl B 1 T
5, 25 i R R B A SRR BN (R 2,1 3).

R 2 EEEXT 4 A REAER R A HUR S SR

Tab.2 The effects of temperature on the morphological indexes in four strains of B. calyciflorus

E
SR R/ C
KMC23 BNB3 XN2 LZB1
HA/um 16 155.60+2.03A 149.66+1.43A 154.07+1.31% 144.40+1.15"
20 125.06+1.26™ 139.55+1.17% 154.61+1.11% 148.66+0.554"
24 131.40+1.66% 136.25+1.44¢ 148.71+3.458 135.38+0.66
28 147.41+0.33% 145.16+1.15% 129.35+0.71 111.84+1.10%
ALS/pm 16 59.89+0.86" 59.25+1.03% 62.94+1.86™ 62.38+1.64™
20 49.55+0.44% 59.96+0.62"" 66.25+0.35% 58.44+0.45%
24 54.08+0.95% 52.21+0.65%¢ 57.70+1.48% 49.16+0.73
28 54.44x1.15% 59.44+0.46 48.08+0.86% 40.74+0.86"
AMS/ um 16 72.22+1.60" 68.32+1.17" 76.42+3.714% 67.95+1.37"
20 56.79+2.09% 68.99+0.70" 83.00+0.34" 69.70+1.69"
24 60.02+0.91% 60.08+0.59¢ 70.78+1.57% 57.41£0.37%
28 65.90+0.555 65.66+0.115% 57.01+0.49%" 45.59+0.74
PLS/pm 16 56.32+2.27% 56.10+1.06™ 60.16+0.71% 65.80+3.17%
20 47.19£0.505 57.82+0.39% 52.37+1.03% 58.53+1.51%
24 51.75+0.665 47.99+2.48% 47.36+1.92% 46.39+2.235
28 50.54+0.695" 59.49+1.81% 42.40+1.79" 30.40+0.07%
LL/pm 16 283.89+2.88%4 280.00+3.374 278.12+9.40% 294.22+3.224
20 263.88+3.77% 282.66+2.834 276.55+2.51%" 289.89+3.204
24 265.15+2.37"% 266.80+2.37% 273.73+3.55% 271.76+4.31%
28 260.42+2.12" 261.99+0.12% 248.83+1.57% 227.28+0.50%
LW/ pm 16 187.45+6.014 182.68+1.02% 187.11+8.75% 181.44+1.12%4
20 160.68+1.96“ 174.06+1.71" 180.57+5.334 180.70+1.714
24 167.48+1.155% 168.71+1.66% 180.76+3.98% 167.38+2.59%
28 175.48+1.58% 160.95+1.17" 157.92+1.30% 142.37+0.98%
EL/pm 16 141.2222.11% 134.48+1.14% 148.54+2.79% 145.33+1.034
20 129.62+4.17% 139.86+2.86" 145.78+1.33 142.58+0.48"
24 146.67£3.144 140.72£1.05% 135.38+1.21% 147.32+2.88%
28 140.98+0.88% 136.49£0.34 126.79+1.34% 122.96+1.21%
EW/um 16 94.34+0.585 86.34+1.36% 102.68+0.54" 94.45+1.20""
20 86.98+0.91 93.75+1.36"" 105.62+1.47 97.56+1.424°
24 101.87£2.714 93.69+1.394" 101.25+1.564 98.79+1.85%
28 101.69+1.08% 90.02+1.924Bb 84.88+0.885 92.33+1.354
BS/(x10° um®) 16 30.26+0.56 28.65+0.17% 28.94+0.27% 31.43+0.14%
20 22.40+1.58" 27.83+0.57™ 27.62+1.91% 30.39+0.924¢
24 23.56+0.855% 24.03+0.82"% 27.13+1.39% 24.75+0.92%
28 23.81+0.585 21.98+0.63% 19.56+1.28" 14.71+1.07%
ES/(x10° um®) 16 8.21+0.17%" 6.71+0.24% 9.90+0.36™ 8.62+0.24""
20 6.41+0.40% 8.03+0.43 10.13+0.33% 8.74+0.18*"
24 9.75£0.704 8.09+0.21* 8.49+0.185% 9.39+0.534
28 9.10+0.134 7.28+0.1948 5.96+0.19% 6.40+0.19%

* S TBAE SRS WA 13 2T FBE (SNK-q K0 FORRISRE A BLC A D I —SUSC AL 7 5 3 22 S b
o il d FRIA— (TS AAFE 25 25 5, A B .C A1 D 5 a b e il d VIR PHIEWTE I, T [,

i BEXT e B KMC23 JE 2S£ S HOL WA LR R KW 8 16°C T, R T 48 U RFAIE 2 5051, KMC23 il
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Fig.3 The effects of temperature on the body size and egg size in four strains of B. calyciflorus

R HAIE A S B IR, 7 20°C R, R R 2 40, HAWE S50 S B/, KMC23 [ R IR 42
HBRARFRLE 20°C fie/y, 78 24°C T Ik (i R 576 16 F1 28°C T WS EUEZ B TG 22 5. AR/
M5, 78 16CAUR A KMC23 5 2246 ARSI i b R B A B ZH 55 24°C o HRZH /] O W 5 25 1 (3%
2,/ 3).

BRI R Ty 2250 I, BRER 4241, BNB3 i R 56 H i AR 25 24 S 809 78 16°C T 5ok, T 45 288 8 i)
K TR 24CHFRIREE T i/ 5 AR BE 15 R 5 B R /INBE 25 355 75 T8 BEE 0 T 3 TN, 46 i) R4 RR
IGIR 16°C iR 28°C i T B s/, HLAE 16°C F /M 2, 3).

TEEXT XN2 i R AR RIESFSHNH M RF W, 7 28C T, XN2 @ R R ITA 10 MES¥S
B /N M T 24°C, 2 16 1 20°CARIRMINA 5 9 XN2 §h R AT 8 MBS HIIM A, B4 R
HABENFITFRE L (F2,K3).

#t LZB1 3 MBIE A2 0T 5, LA 24°C X IRAL, 22 16 F1 20°C R IR Mt J5 B8 B A 2 8 (B

HPURRESEN ) BRI 7 28°CF LZB1 R R TA 10 MERFESHE RN, X5 XN2 i &
A HhXs R VR e i R AR (22 2,/ 3).
222 FEBETANBALREER AN BABMLER MR ARIIESFESHIATRINE T 25>
M, 25 SRR 7E IR T (28°C) R R WA R ANPU BUR AN i RIS F S5 E R T2 MM 2TV T 5 & bRt
HGLRRESEON , PR 5 22 R EL B R LR I G 3 25 5 03 1 LR 0 o R R LA &R 7 24°C
TR RNRESEESFS B ER K, DEIE R E PR AR R LR E 2R, 20C LB AT, R
B i R MBS SN, TP T2 5 R IR 4 S UK, T8 RUR A S R 22N B R IR JE B 22 5. eIk s
WIRE T (16°C) , BREC MUPFES BN, & M R AL HUE S S R0 A LA %5

LA AT R I, AR 16°C TR, BRES ONRRE SN, 4 - 2R 56 00 oA T 2524 S80S R AR B
TAHBARE, HA MR RISEHEA A B EER. 76 20CT , T2 0 5 ) L aGA 2 5 R A ik, B
b F A R KMC23 (R ZH0V S SEI SN, T 78 7 5 R 056 UK. 76 24°CTF A T H AR E T 5,
b R ML A BB T AR S O A FR I8 LR U, T8 T 5 R R Z BB B S50 E K.
1£ 28°CF,LZB1 A1 XN2 W i R4S TR 10 MEEFSEE A TE h B 5/ WA T HA A 5 R 4
B OB SHOA AR/ S 0 T R g

(HAFTE R 4 -5 FR 50 S BR800 iR BE AR Ak iy mi A5 I AS ], KMC23 il BNB3 15 & Z2 56 i
BRARFRSS BITE 20°C H 16°C R @080/, T LZB1 I XN2 7 & 32 56 W A B AR B 7E 28°C T B vy, i 4
AT R TR i 28 5 SR G BRI 1338 I AL 1S TR DT S50 of B A B R TR 6 (R 2) .
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2.3 iREF MC-LR 3t LZB1 R ZERERER A LSHIER RN
BT KRB EL MC-LR J3500F LZB1 i 25408 e 5 HUB AR iR B 52 R T |8 1 50 X 3R 0 28 93 #r
FIZ 8 U, B0 R AT MC-LR X LZB1 fiy R 5e URIE S 2 2809 BT i (£ 1,3 3).

# 3 R EEF MC-LR IR EEXS LZB1 i R AL R fe HUE 52 2452 R
Tab.3 The effects of temperatures and MC-LR concentrations on the
morphological indexes in the LZB1 strain of B. calyciflorus

o MC-LR/ LZB1 i %
(pg/ml) 16°C 20°C 24%C 28°C
HA/pum 0 144.40+1.15% 148.66+0.554 135.38+0.66"° 111.84+1.104
2.0 143.08+0.941B 150.64+1.80% 128.59+1.59%¢ 112.53+2.884
4.0 142.75+0.984% 147.23£0.91 133.21£1.1548 108.31£1.56*
6.0 138.60+1.60" 134.77+0.525 132.47+1.304% 112.73+1.89%
ALS/um 0 62.38+1.64% 58.44+0.45% 49.16£0.73"¢ 40.74+0.86
2.0 65.07+0.63"5 53.73+1.19% 46.15+0.67% 39.58+1.43M
4.0 61.94+1.0248 61.42+0.52 47.91+0.158 38.17+0.27%¢
6.0 59.76+0.545 50.67+0.68" 49.28+0.83" 39.98+1.17%¢
AMS/ pm 0 67.95+1.374 69.70+1.69% 57.41+0.374° 45.59+0.74%
2.0 68.92+1.827 68.61+0.91* 52.65+0.69% 44.14+0.76*
4.0 67.40+1.57"" 71.97+0.78* 56.36+0.54"¢ 41.97+0.78
6.0 66.70+0.74% 58.50+0.74% 54.09+1.284% 45.87+1.28"
PLS/pm 0 65.08+3.17% 58.53+1.51% 46.39+2.23 30.40+0.074¢
2.0 66.58+1.78" 51.28+3.56"8 41.96+0.84" 30.19+0.712
4.0 58.97+0.94% 57.21x+1.74% 44.46£0.77" 29.59+0.58%¢
6.0 57.92+1.92% 44.73+1.025 46.24+1.14" 29.99+0.44"°
LL/um 0 204.22+3.22% 289.89+3.294 271.76+4.317 227.28+0.50%°
2.0 294.87+2.70 288.42+3.184 264.07+1.19%" 229.66+4.07
4.0 289.86+2.60 289.05+2.40% 264.15+8.95 220.55+2.88%
6.0 291.19+2.89% 263.97+1.52% 272.55+3.93 225.24+2.32%¢
LW/ um 0 181.44+1.124 180.70£1.71%¢ 167.38+2.594" 142.37£0.98%
2.0 181.70+0.58% 174.05+4.9548 163.22+0.92" 146.05+3.12%¢
4.0 181.14£0.78% 180.61+1.714 170.29+1.284" 143.03£2.08%
6.0 179.22+1.514 165.29+0.785" 164.71£2.57" 144.54+1.50%
EL/pm 0 145.33+1.03% 142.58+0.48% 147.32+2.88% 122.96+1.214°
2.0 142.22+1.0748% 137.8420.134 133.36+1.48" 123.28+3.234¢
4.0 145.61+0.824 137.47+1.334 135.38+3.91" 121.84+1.78%¢
6.0 139.75+0.555 139.27+2.254 144.14+1.38% 123.57+1.21%
EW/pum 0 94.50+1.20" 97.56+1.4278 98.79+1.85% 87.35+1.35%
2.0 98.39+2.78% 98.60+1.93482 88.36+1.01% 92.33+1.51"
4.0 96.67+0.08"" 101.15+2.06" 91.77+0.94% 86.00+0.66"
6.0 93.01+0.71% 92.37+1.80% 95.22+0.36"5 86.20+1.38%
BS/(x10° pm®) 0 31.43+0.87% 30.39+0.92¢ 24.75+1.074" 14.71£0.14%¢
2.0 31.60+0.59% 28.98+1.28% 22.77+0.25"" 15.44+0.86%
4.0 30.45+0.68" 30.19+0.78" 23.83+1.68"" 13.93£0.54"°
6.0 30.41+0.85% 25.03+0.265 24.50+1.094" 14.67+0.44%¢
ES/(x10° pm?®) 0 8.62+0.24 8.74+0.18" 9.39+0.53% 6.40+0.19*"
2.0 8.81+0.30™ 8.41+0.24% 6.84+0.23% 5.82+0.39%
4.0 8.92+0.08" 8.69+0.28% 7.40+0.438C 5.72+0.15%
6.0 7.92+0.06% 7.81£0.40% 8.60+0.15% 5.96+0.2240
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2.3.1 B E AT LZBL & 2L ALE R R ) SRSy ®vm IREEXT LZB1 fi 58 HUB A2 IR ) BN 37 2293
Hra R ARX T 24°C SR A5 BT 5, JCiE MC-LR ¥R BEQnAer  LZB1 i S48 B I AT 10 MEA S5
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e HHAR) S A T A% O AR 2 B AR A B R AR E R VR (6.0 g/ml) 9 MC-LR it B S 2508/ (36 3,
Kl4).

FE20CTF , BROP RAR MBI AR, F [ (6.0 pg/ml) iy MC-LR 2 35 R AIX 148 HURd BT 47 FoA R 2527
B0 AR (2.0 F14.0 pg/ml) MC-LR R8T, BR AP MR BE 22 0 ) BT A e U 25 22 AR 2R UL
ZH (K 3).

TE 24 CHFRIBE T, L O wg/ml MC-LR Sy xf B4, 9% 2 MC-LR X} LZB1 i R 58 HUE 54 S 80
RO 2R WA SRR, LZBY i 2R 48 B Sk i A DN BRI 5 R BIOR R B L BRI AR B AR AR A R 6
MESSHAE 2.0 pg/ml MC-LR i T 3 02060 (AR 2r 28075 4.0 pug/ml IR H L5980/ , TR S
MEEFZHAE 6.0 pg/ml MC-LR 2P 53 IR TC R % 22 5 s R Lk 6 MBS =S8N, S i Hifl 4
JEAARHIEAE MC-LR 253k BE2H (] D0 0 5 22 50 (3R 3, K1 4).

15 28°C il Mhaa T, BROR AR AL, LZB1 il 558 HUA) HABTE 2524 2 B0 2 W B MC-LR A9 W) 17 G\ 35 22
F(#3).

2 L g, w0 5 5 LZBL i &R 5 HUR) BT A 25 2 2808 B3 0, R R) 4 MC-LR Ab 241
B A S RO IR TG 1 25 2 5 s AR W0 ), BRAE SR ERASAE SR, 8 HUHABIY 252 2 500 24°C X 1
4 RO BT AR R BE ) MC-LR 35047 1 35 008 LZB1 i R 58 TR 252 280 MR T &
WRBEM) MC-LR 35 FEAR 148 U R L S 28 L s R AR A MC-LR X LZB1 b R 58 Ui iE
BESHAA BERW.

%
E

FBY(x 10° wm)

c o = T

Pl 4 4 ANEEET MC-LR X LZBI i R =AEE 5 AMAK /NI A B 52 )
Fig.4 The effects of MC-LR on the body size and egg size in the LZB1 strain

of B. calyciflorus under four temperatures
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VE S B S HRAIE S 2B U8 B TR 38 7T BE PR BE R A= 3% s XS A8 4, 4N Athibai 252 gpF5e. 6 B
A 11 3 o e Y AT YA [ Ll AR ) — A, 2 LA 0 el R X B 5% L A8 A 1) — o 7 1 3 B, AR R R
s TR, 0 R 7R AR AT B D e AR G A5 45 7 T 1 B B 40 C 4R A7 FE — DB (trade-off) s ZEAIRIR T, 6
St 4 AR, /N X A T AR, AT FAARG A QT B R, R BRI [ B3 A7 3% A A Ry H g

ARG RN 4 N RERF R MW AESFS I EE BEEm. LR 16CTiETRE
MC-LR 3 i BT i 22 6 SRR SBIORI B2 R AR R /INBE S 38 i, 28°C 1y v R 3 mT 380 LZB1 A1 XN2 7 7 &=
BIWPITE LSS5, U BNB3 (i B2 AR RFRR) B 280N SRT, 56 B0 RRAF S 500 R B R — B0 1%
IR 16°C i 2/ T BNB3 i R A IR R, 20°C 3508/ T KMC23 i R B9 BRARFR, 17 28°C A% & TR Bl
XN2 i Z 1 LZB1 i 22 % SR B AR Sl 25 00N, o] LA sl /e 3 R PR BURI R AR AC TS AE RE A0[RI, R AR DA
B AT A AT ATt e W1, il 2R %46 R PRI B 2 B0 5 i e T e BB, L rh S R
HUPRHR I 2505 U S R AR G, T 77 5 5 R UK L S AR G E i Wiy T 4otk 8
AR AR TR A 22 5, S5 3 W, AN [5) b B RR B 1) P T 245 2 8O T BE T v i A7 TE 2 22 5, TE AR AR AR
ASBE A F A [R] b SR Ap R 5 o) HERA R, %8 R T A2 S0 RAE BT KR R i P AR 28008 3 R 4
SR, WL, BRI ) 25 S R AR 4 S R ORI A S HOMER 25 S N TR R R fE R
i a] B SR B = R AR B B FIE A R B 22 R (B il T o R 2R B 0 K AE B, T B T I 8 1 2 kel
G opu A O NEEICTWIR

IR H A S TR B ) T T T A AR AR N A A LA A i T i e s
N B R BUOR AR S ok T L A IFFEAE S, X M BE AL R RE A7 76 T e b, Kielbasa 2674 ¢
I, FE HOA AT/ IN BRI 1 T o T O 0N, B A SR 32 P 38 I 18 . ARAR 9T R, 4 A R 5 VR 1Y
Wi J37 PEASHE A AE S [m] 22 4. o, KMC23 5 2 R0 BNB3 5 245 5158 B E B h B B R B 7 SSURR 44 /) 7K
PR T LZBL 5 2R XIN2 5 2248 R E BB TR 9 22 PRI SRS A X P 7 A kAR R S A B 2R 48 B R IR
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TR/ INE RN XS e B BB 55 TSR R B A BRI/ INAS TR A 0 B T 52 1 O s IR SR L e R
28C T, LZB1 § 48 R T IE AR 2E S50 BN, (3 MC-LR Y& XHZ M R 58 NIE S S50
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