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ABSTRACT Objective: In this study, two dinoflagellate species (Alexandrium minutum, Scrippsiella trochoidea), one diatom
species (Skeletonema costatum), and two green algae (Dunaliella salina, Platymonas helgolandica tsingtacensis) are selected as the
experimental subjects to obtain their main kinetic parameters for carbon, nitrogen and phosphorous absorption, and then we build a
coexisting balanced system for several algae by the typical algal inter-species competition model, from which the rules of algal
inter-species competition are revealed, providing a new thinking for the study of the mechanism and prediction of algae bloom. Methods:
By adding different concentrations of nutrients into the ecosystem, the breakage of the eco-balance as well as the formation of a new
balance were simulated to study the impact of the sudden changes in nutrient concentrations on the competitive relations among those
species. Results: (1) in the single batch culture, Dunaliella salina achieved the highest cell concentration (3.4% 10° cells/mL) and the
maximum specific growth rate (0.834 d), while Alexandrium minutum and Scrippsiella trochoidea presented a relatively lower level of
growth; (2) Both the specific growth rate and the highest cell counts for each species were found increased with carbon concentration.
Both Dundliella salina and Plarymonas helgolandica isingtaoensis demonstrated a higher sensitivity to the changes in carbon
concentration; (3) according to the kinetics analysis, the maximum specific growth rate for either Dunaliella salina or Skeletonema
costatum was significantly higher than the other species. Both Alexandrium minutum and Scrippsiella trochoidea showed the greater
saturation constants for carbon, nitrogen and phosphorus compared to the others; (4) additional nitrogen injection brought competitive
advantages to Dunaliella salina and Skeletonema costatum, while adding phosphorus to the system was found beneficial to the

competition of Alexandrium minutum and Serippsiella trochoidea. Conclusions: The maximum specific growth rate and K of five algae
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can directly affect their inter-species competition under different environmental conditions. The inter-species competition model based on

nutrient consumption kinetics provides the mechanism and forecasting of algae blooms with a new thinking.
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Table 1 The absorption to C, N, P of the five algae

) P Assimilation
Species

N Assimilation C Assimilation

(mg/10000cells) (mg/10000cells ) (mg/10000cells )
Dunaliella salina 4E-7 2.8E-5 3.05E-5
Skeletonema costatum 2E-7 8.7E-5 4.65E-5
Alexandrium minutum 5.4E-6 3E-4 7.83E-4
Scrippsiella trochoidea 7.8E-6 6.2E-4 9.31E-4
Platymonas helgolandica 1.6E-6 9E-5 1.89E-4
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Fig.2 Growth curve of five algae under different C concentration and salinity. A: Dunaliella salina; B: Skeletonema costatum; C: Alexandrium minutum;

D: Scrippsiella trochoidea; E: Platymonas helgolandica.

2.3 RFEET C, N, P EFM u,.. M K, 537

MR R AR I, BERRE T C, N, P AR L Ks F
BRI wmax B2 ZARAE, RYEFR 2 MK 3, N
BRI T, SN DT LU ) o P 25 £ 7557 (15 %0 %] 30 %0 )
M 142 &' & A 1.26 d',Ks M 13.52 mg/L T} & % 15.13

mg/L; Pl AR Y wmax Fif R B2 4R 5 AL 2.03 d BEAK
1.91 d", K, ]\ 22.37 mg/L R3] 20.56 mg/L; 75 1% Kt B 1Y
Wi Eh B AN 1.85 d [ 1.92 &7 K, M 10.57 mg/L 7+
# 11.15 mg/L, 24531200 K B, AE TR — B 2R A R, R
[l BE Y o SR AL R I FHISE I TR (1=-0.24) LA B



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol18 NO.6 MAR.2018

- 1005 -

K, S R IR A IEAH DGR (1=0.013) , XRS5
IS AR FRRH A TR K ARRES, B 45
1 C, N, P R F i K, 4> %k 0.63 mg/L, 20.56 mg/L, 1.08
mg/L, (H pro HRIFAEAAE A (221 &, 1.91 d7, 2.11 d*; p>0.
05) ; HERHTECHAE CNP BRI T Y pan 433124 1.29 d, 1.31 d,
1.28 ', FEALREF[A)— 7K P (p>0.05) o SERHRDX LU T, 2535

FHAE IR A5 1F T B XL Y e 1 K AHZEBR (p<0.01) 0 13
SIMTALR, £E 30 %ok BE AR T, 75 15 KW T C AOHSBIE(K,)
R, P B AT NP R, T T P A
Tt s (R B, fely NI D LR C PR M fee A%, i R ext N
A B

F 2 AMERTE 15 %oth FE T3 CN,P Y phomen 1 K,
Table 2 The p., and K, for C, N, P of five algae under 15 %o salinity

. C N P

Species K, K, K,

Mamax Momax Mmax

Dundliella salina 1.91 0.53 1.95 6.21 1.84 1.27
Skeletonema costatum 1.98 0.57 2.03 22.37 2.15 1.13
Alexandrium minutum 1.19 0.27 1.42 13.52 1.34 0.31
Scrippsiella trochoidea 1.18 0.33 1.37 17.58 1.32 0.53
Platymonas helgolandica 1.97 0.8 1.85 10.57 2.03 0.88

F 3 AMETE 30 %oth FE T3 C, N, P B e FA K,
Table 3 The w.. and K, for C, N, P of five algae under 30 %o salinity

C N P
Species K, K, K,

Mamax Momax Mmax
Dundliella salina 2.03 0.50 2.14 7.31 1.99 1.35
Skeletonema costatum 2.21 0.63 1.91 20.56 2.11 1.08
Alexandrium minutum 1.24 0.21 1.26 15.13 1.21 0.34
Scrippsiella trochoidea 1.29 0.35 1.31 19.23 1.28 0.48
Platymonas helgolandica 2.05 0.85 1.92 11.15 2.11 0.84
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Fig.3 The map of simulated inter-specific competition for five algae under three factors(C, N, P)

P addition

Cell density (cells/mL)

C addition

N addition

w— S keletonema costatum Platymonas helgolandica wee Dunaliella salina  Time (d)

B 4 =F87E C N, P ZEEZS TR EZSEIE

Fig.4 The map of simulated inter-specific competition for three algae under three factors(C, N, P)

3 b SMREIRAFF— RGO HE AR R, R 2 BT IR R ) 25 4F T st
T o T ) 5 AR 8 ) A ] o 1 1] 54 = B A e phe

R HAE AR (o) FSE AN R (K ) A RIS F IS S SR R R I A SR R A 0, FE 45 008 JR I LI A A, 45

AE AR BB AR, — MO0 T BRI E FRIRIAC 22 Jal e 20 aod S U1 1oy 1 5 4 I il A — R S HPIR S (R R
PRI, IRLERATE N K, R o FIPIRIFERI IS PO 2 POATA]— st A RE TR 4 0o A, 3R A3 ok 1 -k 3% i
AT BRI . — I eI E SRR T 2o 37 0T DL B0 A R G A 1), B K A PR



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol18 NO.6 MAR.2018

- 1007 -

PR FAIRZ B A P B S ) B PR X 74 REAE A%

RN ARS8 R TRGE PP ARR S, A BRI 2R BT nl

JEEIERZE L E, IX 0] BEE AR R A ) — M EE AL . A

BRI EAT SE PR A FAT THR A T — ool J FoT ) 357 S e

TEM ST , FAT A BUAE AL U IR 25 F T, BN

DL R AR PR A AR KA R v R T N, P

Fr B R BE TR, I e T AL G, P 2R A 18 ke v (A

N, P R  HAE SRR A K R Hh T8 2 A X 4]

£ L A0 S 38 B A 30 ) i R B 00 M 7k JEE R AR T

FEIGHE, P B 2 AN B O B (ol NI L DR 8 AR S

TRBEE P 3 UL AR R o, A Aok TCIE R A T R A T 4

BRUEIEAE T FE N ARAT 5T PR B o A R 5, J ARl

A 7, Bl NI DT LR AR 7 TR AT 2 N, P S

g , 117 LA o i A0 A B Y SR PE A 7 - P I AR AN 4

FEEARACE AU N, P FR B 12740 B O 4 5 BRAR RS

3T TR EEZEXS T N, POE IR AR AR BT LA, Sl

DS AR [G8E KA e T e = A fi )y, B0

EAEN, P EREMIEL T, TR —MaEmitERK

M e =R b T8 TR IR DR, BRI, S NIE P 1

TEEFNHER I FCHEAE N, P B RO B = I B i 2 3 B4 Y

SEALHC AN, BN IS LU KSR VR 2R 5 10000 cells/mL

I BIVRT SR HE PR AT AL B AR T3/ 22 oI ) s SR A 20 L e

JE S BB, X R IITE R S AR VR N, P

FEAXTEE Z I, G5/ NI D L s AR/INE FEAE AR AT RE LA A

o HOAE AR B ARSE IR B R T A I Y AR MR L, 7 2 S 4P

B IE NI D LR AR
AR SCHIFSE K A FR KR PRI vh 8 SR b v B b T

SN BER TP A 54, (AR E B AR S P o, Horp Nk

LT BT AL R A R B AR O AR, C W T

B TR0 N3 LR SO e 3t i, P e B2 T HA B T B R

it A DL fa 7R 1 AR BT A B XA R IR 2R

W RE I 157 T e S OUF IR, A7 B T RRATEANRA T

figp AT ] 5 4 S ) A TR A R ATL , [ a5 s

IR R S T SR R BE 04 S AR B B A 4Rt T —

AR, A SRR RERS S SR R K i R 2 HoA AT

2, B AR Z2 B0 WA SR S8 S 7 S 36 A i o G TR I

AN BRSO (BRI S R IR Y, X S BOX IR S PR 45

PR AARI A . BRI AT 5E B 52 B — Mg K iy

T, UNARpRE LT3 )~ SRR 8] 5 4 B KU HE 2 T T g s

AR T AL AR KA S A E EE T 1]

% % 3 #f(References)

[1] Reynolds CS, Garofalo D, Begelman MC. Trapping of magnetic flux
by the plunge region of a black hole accretion disk [J]. Astrophys,
2006, 651: 1023-1030

[2] Smith VH. Low Nitrogen to Phosphorus ratios favor dominance by

Blue-Green-Algae in lake phytoplankton [J].Science,1983, 221,
669-671

[3] Paerl HW, Otten TG. Harmful cyanobacterial blooms: causes,
consequences, and controls[J]. Microb Ecol, 2013, 65: 995-1010

[4] O'Neil JM, Davis TW, Burford MA, et al. The rise of harmful

cyanobacteria blooms: The potential roles of eutrophication and

climate change[J]. Harmful Algae, 2012, 14: 313-334

[S] Lehman PW, Boyer G, Satchwell M, et al. The influence of
environmental conditions on the seasonal variation of Microcystis cell
density and microcystins concentration in San Francisco Estuary[J].
Hydrobiologia, 2008, 600: 187-204

[6] Scavia D, Allan JD, Arend KK, et al. Assessing and addressing the
re-eutrophication of Lake Erie: Central basin hypoxia [J]. J Great
Lakes Res, 2014, 40: 226-246

[7] Li YP, Tang CY, Yu ZB, et al. Correlations between algae and water
quality: factors driving eutrophication in Lake Taihu, China [J]. Int J
Environ Sci Te, 2014, 11: 169-182

[8] Jr. Harding LW, Mallonee ME, Perry ES, et al. Variable climatic
conditions dominate recent phytoplankton dynamics in Chesapeake
Bay[J]. Sci Rep Uk, 2016, 6: 1-5

[9] Grover JP. Resource competition in a variable Environment -
Phytoplankton growing according to the Variable-Internal-Stores
model[J]. Am Nat, 1991, 138: 811-835

[10] Choi HG, Norton TA. Competitive interactions between two fucoid
algae with different growth forms, Fucus serratus and Himanthalia
elongata[J]. Mar Biol, 2005, 146: 283-291

[11] Al Shehhi M R, Gherboudj I, Ghedira H. An overview of historical
harmful algae blooms outbreaks in the Arabian Seas [J]. Marine
Pollution Bulletin, 2014, 86(1-2): 314

[12] Gentien P, Fukuyo Y, Anderson D M, et al. Global Ecology and
Oceanography of Harmful Algal Blooms[J]. Scor & loc, 2003, 42

[13] Baldia SF, Evangelista AD, Aralar EV, et al. Nitrogen and
phosphorus utilization in the cyanobacterium Microcystis aeruginosa
isolated from Laguna de Bay, Philippines[J]. J Appl Phycol, 2007, 19:
607-613

[14] Redfield, A.C. The Biological control of Chemical Factors in the
environment[J]. Am Sci, 1958, 46: 205-221

[15] Amano Y, Takahashi K, and Machida M. Competition between the
cyanobacterium Microcystis aeruginosa and the diatom Cyclotella sp.
under nitrogen-limited condition caused by dilution in eutrophic lake
[J1. J Appl Phycol, 2012, 24: 965-971

[16] Zhang Q, and Hong Y. Effects of stationary phase elongation and
initial nitrogen and phosphorus concentrations on the growth and
lipid-producing potential of Chlorella sp HQ[J]. J Appl Phycol, 2014,
26: 141-149

[17] K. —A ey AR BENE K H F AR - 3322 J1 49 logistic 7 2w

Bay AR Y )] A& F R, 1982, 5:403-415

Cui Qi-wu. A new mathematical model for population growth--the
supplementary of the typical logistic and exponential equations [J].
Journal of Ecology, 1982, 5: 403-415

[18] Tilman D, Mattson M, Langer S. Competition and nutrient kinetics
along a temperature-Gradient - an experimental test of a mechanistic
approach to Niche Theory[J]. Limnol Oceanogr, 1981, 26: 1020-1033

[19] Garcés E, Bravo I, Vila M, et al. Relationship between vegetative
cells and cyst production during Alexandrium minutum bloom in
Arenys de Mar harbour (NW Mediterranean)[J]. Journal of Plankton
Research, 2004, 26(6): 637-645

[20] Santos M, Costa P R, Porteiro F M, et al. First report of a massive
bloom of Alexandrium minutum, (Dinophyceae) in middle North

Atlantic: A coastal lagoon in S.Jorge Island, Azores [J]. Toxicon,

2014, 90: 265-268



