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The presence of grazing cues changed competitive outcomes between Phaeocystis

globosa and Ditylum brightwellii

HUO Yiping, WANG Xiaodong, WANG Yan"~
Research Center for Harmful Algae and Marine Biology, Jinan University, Guangzhou 510632, China

Abstract; Chemical cues play crucial roles in the communication and interaction between phytoplankton and zooplankton.
Colony enlargement of Phaeocystis globosa in the presence of grazing cues released by zooplankton has been considered as an
induced defense. Colonial Phaeocystis blooms usually occur during or following blooms of diatoms, suggesting that
competitive ability of Phaeocystis is less than diatoms in some cases. However, it remains unknown whether the induced
defense can lead to decreased the competitive ability of Phaeocystis versus diatoms. In this study, the competitive outcomes
between induced defensive P. globosa and diatom D. brightwellii exposed to the grazing cues released from copepods
Pseudodiaptomus poplesia and heterotrophic dinoflagellates Oxyrrhis marina has been investigated. Results showed that
P. globosa formed significantly larger colonies when it received grazing cues released by Pseudodiaptomus poplesia and
0. marina, which suggested that the defensive response of P. globosa was induced by the grazing cues in this study. The
induced defensive P. globosa showed more rapid colony development and longer colony durations than non-defensive
P. globosa. However, grazing cues released from Pseudodiaptomus poplesia and O. marina did not induce the defensive
response in terms of length, width and silicification in the D. brightwellii. P. globosa showed significantly higher biovolume
than D. brightwellii in the control and Pseudodiaptomus poplesia-induced treatment, whereas the addition of grazing cues
from O. marina led to the lower biovolume of P. globosa than D. brightwellii. Based on the relative biovolumes over time of

P. globosa and D. brightwellii, P. globosa exposed to grazing cues from Pseudodiaptomus poplesia was more competitive than
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D. brightwellit, while D. brightwellii outcompeted P. globosa in the O. marina-induced treatment. The variations in
competitive dynamics between two treatments could be attributed to growth responses of D. brightwellii to grazing cues, and
D. brightwellii beat P. globosa in the 0. marina-induced treatment indicating that D. brightwellii might be sensitive to the
grazing of microzooplankton O. marina. While induced defense in terms of colony enlargement might be efficient against
microzooplankton grazers, the compromised competitive ability in growth rate would cause P. globosa to be outgrown by
diatoms induced growth responses to grazing cues. The decreased competitive ability in P. globosa versus D. brightwellii in
the presence of grazing cues from microzooplankton, the major consumers of phytoplankton in the field, may contribute to
the appearance of diatom growth prior to that of Phaeocystis in coastal blooms. Grazing cues can potentially drive the

coexistence of competitive species and promote the biodiversity in the marine systems.
Key Words: grazing cue; competitive ability; induced defense; Phaeocystis globosa

P25 B TR WA ) RN TR Sh RS2 R I BB A L IR s R A 215 8 53k, e 07, U3
AR A IS R o TRIE, PRI AR 23 VR i sh 7 A B Ak A5 B S i A 4 1 A 1 15 5
B AR AR TR D R AETE T B SE A B IRRIE, Bk TN AT R
AT ARSI B RCR M BRI R h R RN A L R R AR RN AR S RO
BRI R AT, (77 et o A5 LAk S i e sh s et

PRI BE (Phaeocystis ) J2& )12 43 A7 T AT S 9 A1 183 DX 7y S8 AR 0 b | X6 6 00 I )y 8 RN 45 4 e RS 1) 2= )
Ho BRGNS AS A AT BRI AT TR B S LRI PR DR A P A (A i e A % s T2 i
B AN A% 3—10 o, 117 PR V56 5 6 2 40 D ) 0 A A 3 3k L oK, R EJLEK T R IATE B
DRAATE T8 SEAE BRI AR S S0 1 R WL, 76 7730 00 1) e T BT Sk b 395 Jm 8 R 4 il 4y £ 35 3
B 27 F BRI 75 W SR B 5 S A TE BB e RE TR I R A 4R BRI A TE I A & —
BRI B AL

{H 25 B A5 B AR BEA IR 175 5 A B B Th BB . REAR I 355 52 el Vg o 2 i AL 0 D16 1) )
F B FRTERAEA DL BRI/ P05 5 R ge el o AR R A S IR B LA, 9 102 1
JERAR TR R PR IR A KR BRI RE S S BOE S e ) T RE™ Mg VU7 I AL ) 0 ATURN L A7 1Y) W 3
PR B 5 I AT AT b 1) A BRI AR W) AL R 25 S M AT T 2 IR S 4 o A el tA Ry i 0 55 B B A &, B2 IR AR
GPrse e AR AR R AR R R R UL AR R S G SR TR AR, R ek
JEAFBEBE ( Phaeocystis globosa) 3& 5+ IR T HE MRS 517 FUERIA G, PRI, FA T8 AR K R AR Y ik e —
A1 [OOSR B ( Ditylum brightwellii) V£ 5 BRIE ARS8 A7 0958 385 WF9T T GO 0 sl W 1 1 AR B2 38 ( Owyrrhis
marina ) F R E sh ) KR TAEE /K 25 ( Pseudodiaptomus poplesia ) B A% B 5 B e 15 2 (1 BRIE #2838 AH X
M RXUB BTG I TR, ARG A B TR S Pk B PR AT ) A R RS 4 52 )

1 H#E5F®

1.1 VR R B 3R

BRIV A 42 8 R A G AU B 0 B M i R A, 1 /2 B3R e 5 55 | 3R 4 0 08 30%o0, T 20°C
JE3# 100 pmol photons m™> s = YGHEEIH 14 h 10 b, FERCH AN A = 1 IR K Sk BELER 21 4 FC XU 5 BRIE 5%
PP AL B0 B 5—T KADHE £/2 15 37 SRR BRIV #2035 A0 A Q0L o8 LA 2 R Bk K, 4 =F
JE K R T AT IR AR K358 (0.69£0.04) d™'H1(0.28+0.03) d™', SZEGHT, FI ] Nikon 218 5 (W5
(400x) , 7£ Sedgwick-Rafter 150 Hr il 40 A/ A7 ECOURR 3 A 20 M AR B8 PR A5 AR BB AR 22 i = 4
FEARFRA ST BRI A0 3 A0 4N A AR 5 BR BRI AR RN T

SR FH A v L g R i DAL 1w BRRT TR P i B 0, A P 285 R PR B K 3 L 5 5 I R AR R MR S R AR

http ; //www.ecologica.cn



5836 JAE = 40 %

BEGFEEMBEEE" ) LRATL KR, RO LK 35 RN 7R B 15 40 AE $5E S BRIE A 2 8 A A LG XU 38
KIREAEEK S AESCIR T 4R 2 ARG 450 wm FLAR 936 I T BRVL FORAE . MR 2 M\ Shannon Point i
O HAG, IR E ARG FRAE £/2 53R dkrh | RS HE 42 B (Lsochrysis galbana) W37, SEERFFIG 2d B, K BUAE
AT RO AEK SR B BT R 1) £/2 JEFRIE R G 3R  A R EYILIE S A E . YU IES |3 H BRI K
& BRI K TEBE , RG24 200 mL £/2 K750 500 mL BEEEHEM D, SCUG T, TR 8 M rE R I
FRESR Td, RS R AR . )R IR B RS B bR T i ) 4 % O 100 4/ mL,
KR PR K B FINRE AR FE B I RS SRR 2R P 4 4—5d S0 B A £/2 15373, TR A i A &b T3 850k K I A BkIE
PR e E LA M S | A = YR 10°—10°4/mL,
1.2 SE5-PifHsc s

h TR B B S G A S s BROY A 2 S RIAT [ 0L P2 8 e K SRR K S I PR R e

FETEESR, AR 50 mL (YRR ORISR P AT, SIS BB 5 AT, SRR R

F GF/F BREAFEAR EL2S T ok U IR DA /K 3 RV PEAR R B A B R E N S A B 5 B8 ™, Se i o 5%
A A S mL U8 X BRZH TP 5 mL £/2 555380k BREAZEE R IR IO 10 um Je e REAE S IER T i
U8 2 YR LASCAE BRI RS B i | A [COBUR e — [R5 B 1 ) A 21 RS2 06 41 (0 15 3R R, #0702 G 3R =
50 mL, BRIEZAZSE SR A FCOUUR 38 100 46 2 BE 4331 24 10000 4~/mL A 100 4™/mlL, {8 S 56 FF 4 B 0 35 28 A
YA ABRRSE 20 1110 um® 2 SEER IR A5 1 SR 15 R B A [R] « $h B 30%0, W 20°C , )58 100 pmol
photons m s ' JEREE 14 h.10 b,

SEEGAE LRI P RLE 25 K, B RRIE 10 mL 153500 RV 40 M A 4 = 8 1 A8, B S 4
FORHA 5 mL BT EERY £/2 FEFREM 5 mL S A0 S5 05 S AR, B X B BE SR A 10 mL £/2
B IG R BRI £/2 55 e T TR PR, [ BE R B3 BB B h B KA 25 mL #958r
ff £/2 K FRIE  GAIE DR 78 L, I FLIS/A 8 35 3k BR X PR BT i 2 ), 7 AN SRR o F v 4G ok i
PR BT BT A, BEBR SRR Al A SRR DhARE/K 28, I Bl 6 B 040 AT 0HE 1 R A2 K % AR RF , HERR AL T
SR PREK B AR B e 2
1.3 4o AR &

FHF S0 T 2500 200 I RN A (ARA: it FH R 5 ok 49% 1 B A% 3 T, RO A 8 3 R A UL 386 119 400 i =
JEFH Sedgwick —Rafter THEHR 1185, BRIY b 28 358 28 7K 3£ 18 FH 2 A3 A5 UMY Nikon {58 58 10 BE 78 24 FLAR U
UM RRASRE S BEALI A 30 S RARAY ELAR L R AR I A AT, B K SERL,

T8 K BRAE KRR DN AR % PRI R e i B 15 B IAEAE |, A1 FCOBUR S A I R/ N el 3 el 75 LRV AT 2
b, R RV WAL ST SERRE J1 . A 1 i — eI AU B 5 SO AR e A7 i B = ik
FRAE A L (035 S P B AR RE T, B Sd ARG A W S AR/, 0.6 pum (8 SR BRER TR S UE 5 mL BE 5,
TG Si BRFFEFEAN 0.01 mol/L A9 HCI YL, JEMEAE 60°C F 1, SR J57E 100°C F H 0.2 mol/L NaOH 71k1 h,
BB EIRZ )5, H 1 mL 1 mol/L &) HCL H ARy, I EL G I i RE R A v B 7 MR A3 U 388 B4 40 5
THARE A A A e R0 R S R A U P A R R B

TIPS e R AR (D) 5

o i) 2
o Vo AV 3 R BRI AR s AN A R XU SEAE I 18] (o) B AR E, Y(0) SFIRI (2, day) 26k IR
U A A 2R e AR BRI A 8 i AR G A FQ SR 3 B4 5 4 g, IE (AR R BRIE B 8 o 4 B 38 1, T 67 1 88 7 A EROWL
s e Re
1.4 BdEmwr
ffi /] Prism GraphPad (v.5.0) #4751 FIAEIK . FH D’ Agostino-Pearson 1E 23K 56 43 T 2540 19 1E

http ; //www.ecologica.cn



16 ] BEARTE A5 SRR BT BRI AR A FCOOUR B 5 4 45 R R TR 5837

A, Levene's K250 Mr )y 22 R FitE, H two-way RM ANOVA #4656 73 AT 51 56 40 A0 X HE 2 119 £ 4 A R Bt s 1)
1284, FHAES A Mann-Whitney 6256 347 55 50 2H RN HRZH S R BEAR B AR FIEAR 20281k, HIZPEUL&
O3 (Y,) 5 ¢ BOEER, T one-way ANCOVA J3 7 S5 20 UG BRZH 22 [A] (4 [R1H R i b B MakPoh P<
0.05,

2 #HR

2.1 BROPARRE SRR R H AR AR AL

Xof BEZH FPERE A B IR R 20 4 R B, A7 E 13d S BR A HP 3E 2 Kol 30 T 44k, — 5 A7
FEESLIEEH (25d; [/ 1) o KR P RBEIRF K (1346+50) A/ mL, HIEAE I K BEOh 2K & FIIEETER
WA E BP9 B A (211260) AS/mL #1(122+21) A/mL(P<0.01) (K 1), % R4 P g i R ek i
R (112+26.7) pm, BELT KBROYERK 8 AR B 25 B4 (P<0.05) , 43528 (134+54.7) pm F
(150+58.8) um(&2),

g 1500 -
< XA
§ 1000
3
<
>
=}
< 500 |
Q
=
#
L)ﬁ 0 1 1 1 1
0 5 10 15 20 25
300 150
K ROBEEK WHERRB I
R A Al B

200 100 |

ek JF Colony abundance/(4~/mL)

0 ; 1.0 1.5 2.0 2.5
Fif ) Time/d
B1 HRE, MEHEAEEAEASRENEE A REERE RSB A PR ARG REEE (/L)

Fig.1 Colony abundances of P. globosa in the control, Pseudodiaptomus poplesia-induced and O. marina-induced treatment
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Fig.2 Colony diameters of P. globosa in the control, Pseudodiapt lesia-induced and O. marina-induced treatment
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Table 1 The cell dimensions and biogenic silica concentration per cell in diatom D. brightwellii
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Fig.3 The cell volume of P. globosa ( circles) and D. brightwellii ( squares) in the control, P.

marina-induced treatment
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