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Preliminary study on in situ growth rate of dominant algae species in Pengxi River of the
Three Gorges Reservoir
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(1: College of Urban Construction and Environmental Engineering, Chongging University, Chongging 400045, P. R. China)
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Abstract; In situ growth rates of the typical dominant algae species in Pengxi River were investigated using two kinds of in situ in-
cubation devices (incubation cage and incubation bucket) for field incubation experiment in Lake Gaoyang of Pengxi River. Ade-

quate nutrients, superior solar-thermal and relatively stable hydrodynamic conditions are the main characteristic of the habitat dur-

ing the study. The selected environment was suitable for the algal growth and the period chosen was sensitive for the occurrence of

algal blooms. During this period, in situ growth rates of Cyllotella and Cryptomonas representing phytoplankton with CR and CRS
growth strategies, respectively, were both gradually declined, and those of Anabaena and Eudorina which both represent the CS
growth strategies increased firstly and then declined. The in situ growth rate of Microcystis which represents the S growth strategy
was negative in early days, however, the general trend of growth rate was increased. The maximum specific growth rate of each spe-
cies in the incubation cage and incubation bucket were Cyllotella hubeiana 0.31, 0.21 d =", Microcystis aeruginosa 0.09,0.03 d ", Eu-
dorina elegans 0.16,0.42 d=' | Anabaena flos-aquae 0.30,0.26 d~', Cryptomonas ovata 0.49,0.95 d =", respectively. In this
study, changes in the algae growth rates of the different growth strategies to a certain extent reflected the different growth trend. In
addition, comprehensive analysis of the results of the performance test and in situ incubation experiment suggested that both of the
two devices were able to meet the testing requirements of in situ growth rate of algae in natural water. There were potential impacts
of the incubation devices on the in situ growth of phytoplankton.

Keywords: Three Gorges Reservoir; dominant species of algae; specific growth rate; in situ incubation; growth strategy;
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« EFRAKRBL IS TH (51009155, 51179215 ) FIE KT A 28 B2 3 4 W H ( CSTC2010BB0228, CSTC2012]JB
20004 ) A 7E B 2011 — 10 —25 Wik ;2012 —03 —06 WeiE ek fa. Z5%7, 55,1981 454 {1, I #(47 ; E-mail : Zheli81@

sina. com.

LA B O HRIEERL2L a1 8 HEY ks e B E R 198 wIY9%GN ! v ) AR =2 AA

219 /0



F HF . ZHKRESETREARBEREEREREGN T AR 747

BREAKBERREEENWIR A E, BRI SR R, EmAREHE 5K ERE R
JiE EHE T KA A B A . TSR P 0 R AR B A AR AE B 2 5 R K
(1 S A RAREAIE 5 7K AT TR 4% A A ). S 087 A K S 2 7 96 2K 7 R A I S B A K AF 528
BAT R R B RB, SR SRR R R LI 52 3 XK AT e R AR SR

AT L4 T BRI A B KA AT T A e ST T AR [ ity 9 2 o7 A Kl 5 00 5 7 3.
PR T 26 A K DO ) 22 UL T 2 B A 20 i 2458 A PR A K IR A i 3 W (4 ) = AN 2T, H R
W R T A A S SRR 5 T R B PR 1 1) DA K 20 A T 1 SR R Ay St i 0 14 D o7
KR A R AL SRR 52 L R I B WA i (A ) B (Ve ) B
P 1 UL S 07 A S IR T o, A U B 5 A Ak

TERTIR 7 1 A M3 i e B L A3 SR 5 3 St 7 935 2K 20 U S8 30 437 S 5
FELAZ AN UL 0 (o 8 o7 A RIS T ) S e A 325 ) 80 b 8 e R X g i o e 5 7 0 0 L
TS E B B I IR H L2 R SR 37 il i e A B R T
B R 2 T R AR 20 A A A A R AT 7 A vk TR 1 8 i S R T 2 L K R 1
RN AR BRI A K R A E B 7 i, ) A2 L R SR Rk S A A R kv s
[ U7 485 5 25 2 v BT M BE VT BESE A SE IR 45 S AR N A TE ) 0 (BRRE Y ) 0™ H— e 37 )7 R
NSRRI R S R FR 00 SR FRREE Y 0 o B e 7 e s il U R L e A T R R A 5 5 T
RS R SR AEAE R B IS T e

SR B KR B IXKIT T SR SRR A R A . — e S 3 (TR T AR T 4 ) B AR
RIS EOCN YT I8 K 2 5 0 A S PR R — | 46 52 S ARG A I8k K A 85 o [1]
IR X e BT A A X 52, D SE 2 A K S 5 2 25 T BB A L SR i B 2K e 45 3k £ BRI R [ 2 K
S P SRS (SN 0 1o RIS R S, X L (I S OS2 K R R A TS SR TR T
IR PEBATHE 5T AR K SRARAE , B 2K oK A TE AL A 5 (A0 48 1 B SR AR R

1 IERHARFR

1.1 H 5 KA

BRI (IRFR NV, M Ak DU 1| 45 3t 2R
Wl g, s AL 5173k, TR A K
182. 4 km, & =Wk & [X b 72 v B i ki AR
B RIS =K FEE K G, /DL A
BT R T TEHE X LB R SR PR A 1
K3, HAE = ek i HA A e

AT 5 5 7E 1 T R KX BE SF i
(31°5'48"N,108°40'20"E, [& 1) 347, % X
AL /N 3 3, M 3. K
ZORABTRASLAL W BEYS , 2%, B
ZEABLI I B S IR B K SCOK T FRAE. S0
BEPEAE K AR K AL 12 47 3 [ b Rk A
EWI6 IKZET ARHAT AT 19 & B 15
SERIK I 10 m, SRR 12 m.
1.2 LWEEIT SR

HEFFA R E BT BAB S NE

LRI e RBP4 LB 2 B S
s Sy ] R 0 R S B A 7 R 4 Fig. 1 River system of yunyang section in backwater

area of Pengxi River

(KEFRIE, 11 2) FBE DY 1f] 52 55 T FLH T AL

RKNBVEINES 212 B nnA/ SHERL22 a1 5 HBEN  priks+e o R 198 wI9GND ! v ) AR 22 AA 4= AN1D /OQ /DT



748 J. Lake Sci. (#1:64+%),2012,24(5)

" . SR 5 0 7 2 9 TR A T AT WL (% 95, 181 2) , — % 4% 100 mm, 75
: ) 800 mm ( & 54775 300 mm) , 25 AR A 4 L, F7 R A4 75 199 ( Ji -t Sefar® i 16 )

Q@ FLARN 3 wm, BERS PS4 K K0 R A Mk 10 L LR A s B O g
ERX LR (LF]S . 21201120242490. 8 . Z1.201120242491.2)

Sy 8 G s 0% A, 0 2 P SN T S o BF T X s
FRIEAIG TR AT T8 B LS00 5 B AR 25 L 2648 /K i
FE KR R, 3725 S P K T — 001 78 25 8 A A — 2 ks R B <
WS (AT R B R R V) , 28 B N B R ER 0 B vk 24 1 mmol/L. R
JHVRE SRR 2575 B A S AR W , 385 92 A S2 38T 30 min 45K 10 min J
BE—UK, LIS 45 30 min JFURE— VR 5 17 15 35 5 D00 SR RE 1T B S8 10 min. I 2 2%
BN SNBERRER VR, F B P A B S AL R 0. 03 mmol/L( #IHA

. WREIY 3% ) AR
- PRS0 A M S 4 SRR T, B SR P I VRO B A B S A 24y

300 min,, fij 5557 58 H 5 2 120 min( [ 3) . Syt — 20 S e — 3% Z [ X510,
SREUM A 2B T4 B3 B O RFIE 28 KR sc R etk s )
ARBFFELL Y = Xe" BERL N S, %3454 5 e 3 V8 3 52 B 45 R HEAT 17 40808 0L
B P XORAIRWRE ¢ SIS, b R RRER A2 #e— 2 JIr g I [ , A58 7 2
HORWAEREY], HFR I M S R W i i TR, — 8 Z 2R 345 (R 1).

P 2 PR SR s R
Fig.2 Sketch map of the two

incubation devices

1. 1.0
or . RN ol b —e— TR
~F —a— BRIEINER ok —a— FEFRARINED
S 07} So7f
£ 0.6f E06f
= 0.5F =05
&K 04f fé 04 L
% 03} Foal
® L fioiig L
0.1 r 0.1 C
0 1 1 1 1 1 0 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 0 40 80 120 160 200 240 280 320 360
Bt 8] /min 5} 1E]/min

3 55 FRIE (a) FIEEFRAM (b) N SRR ER B A2 1
Fig. 3 The variation of phosphate concentration inside and outside of
incubation cage(a) and incubation bucket (b)
1 REBEWEIRBARIG LB ES RO R SR

Tab. 1 Data fitting of permeability test and calculation results of infiltration parameters

e Sl X b R? A/ (ml/ (em? -« h)) t2/h
K% 0.945 -0.018 0.956 1.954 0. 640
B FiAm 0.830 -0.006 0.922 0.651 1.920
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Fig. 4 Scene photographs of in situ incubation
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Fig.5 The changes of principal environmental factors during the research
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Tab. 3 The concentration of main habitat factors and TN/TP ratio during the research

NH; -N/(mg/L) NO;j-N/(mg/L) TN/(mg/L) SRP/(mg/L)  TP/(mg/L) DS/ (mg/LL) TN/TP

AR 0.333~0.693  0.352~1.002 1.285~1.906  0~0.004  0.069~0.165 4.222 ~16.198 11.546 ~18.556
Pyl 0.506 0.534 1.640 0.003 0.118 7.820 13. 845
PR 0.154 0.367 0.309 0.002 0.046 5.626 6.784
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Fig. 6 Nutrient concentrations during the research

0.128 +0.006 d " ;4MZ¢ M FEEE - 0. 140 £0.007, -0.380 = 120

0.019 d™' ;Z5Eki —0.077 0004, -0.177 £0.009 d~'; 7k 100l
1B - 0. 180 £0.009, —0.197 £0.010 d™ ;51K £ sl
W0.223 £ 0.011.0.210 +0.010 d~'. KW@z £ |
SR AR KR AL R 0,31, 5 60
0.21 d7'; MM FEHR 0.09.0.03 d7'; ZSER#HE 0. 16, ; 40

0.42d7"; k4t R 0.30.0.26 d'; BB FA#E 0. 49 | “ 20'
0.95d7". r

W K SR BN A 0 9 o P W
Q© '\ '\ A\ )

AR R A (], ELATE 5 18] - 34 A R R TE 7 OC R —
(& 8) . AR B IR A A, (U3 CR BY AR 1 S 1 )
JE/PIREEAER C RS AR (19 IR P Base , e AT 00 I
P AR AR BRSBTS R 3, RIVE S0 30 ik 3 1
Ayt SRR (EABIESE AT UG B D BRAE W T R, R 0. fUSR CS AR KB 1ty K Al £ i 35 A 2 Bk
B S A A A SN S I I A A 3 I A R A S P A0 T A SO0 U o B R R R TR
g AR S T A M 10 57 2 T 8 ) o7 A R SR R AR AT A O B, ELAE R R AR 221, (H S AR R B
SeSUTEpI I FOP SE
2.3 itig

JEAOE A S AR AR AR Kb S P A AR ) — Bl S Bk, BB AR Furnas FAAE 1990 4F DU 826
Gtk S T A A TR o A A R I S PR R AR S5 7 A T T R Ge ik ARy g S A A R A R
2 T B WL A ) T S S B B A 0 A R A 25 AT AR IFR RS M A AR  T
PR A A S 3R T, X L PR 2B 8 DRSS SR T LUK B 1) PR 8 T )45 1 i D7 A K o %
SERAFAE 0 A ZRMEIEAR G OC 2R (181 9) , S 0 5 5 o SO0 1A T A 5 60 8 o o A 5 N ) 7 s
—E;2) IR L PRI P SR R 4 U AR R SIS R 22BN, (L BR BSOS, 15 A v 52 46
ot 14 JEU 7 2 S 3R A 248 UL H R T 15 IR T v R S B e . L 3R BRI, R SR W o JL 7 3% 97 20 B MY RE RIS 1
SR TR K SIS A 2 K 23 A B R (RIS 355 7 4 B 4 A 3 o 38 288 S A K S R AT A A — o 3%
M. DT 3256 B8 B M 5 i G M TS 30 ] LUt AR T 15 95 8, AR 5 FR AT A AP K AR S 4 i 2 55 T35 77
JE (A EEFATAE AR K TR T BB CPE T 15 3R 58, FERIPE S5 R R Ikt ol A5 H P 90 9 A B A PRI T 15 9RO
AT B A rh ol S B R R A ORI TG 97 . 5 3R JE AR TRl K TR 26 AR B3 ek 55 1 B SR A, T~ 2 PR
SERRFAE AN A IR T8 N R A BT 26 1 Al RESE 5) 2 BIANRR K B 3 9 sl B 2 WA ol T AR SR R ) T Y D7
SV JE S T R4, WO AR SRA P 0 TS A R 45 R A, 43 A [ A K SR i 2 0 5 i 11

K7 WS K i Chla ¥ EEAZ fb
Fig.7 Variation of Chl.a concentration

during the study

RKNBVEINES 212 B nnA/ SHERL22 a1 5 HBEN  priks+e o R 198 wI9GND ! v ) AR 22 AA 4= AN1D /OQ /DT



752 J. Lake Sci. (#1:64+%),2012,24(5)

a B b

= LOf = 1.0r
g 0.5+ g 05F
< o2 . % oz 777
R v 2
E 054 Z 05+
= 1.0r s 1.0
= = i
ﬁ 0.5r % 0.5
RS =
¥ T wa &z g ° 7
E-05h B 05t
_10p _Lop
S = L
% 0.5+ = 0.5
o ® 0
Gl H

-0.5- 0.5+
< 1.0p < 1.0p
% 0.5¢ ’% 0.5k
R H]HIM]] Rzl Y (T,
S T i S ] T —
% -0.5+ % -0.5F
5 Mo R ——
i’% 05F == ﬂn&% 0.5+
R0 N0
= = L
= -05F DI-D3 D3-D5 D5-D7 =-05F pip3 D3-D5 D5.D7

Pl 8 5708 (a) FIEEFRAM (b) H a5 B il L AR K AR (D1 ~ D7 73R SEH S 1 d 255 7 d)

Fig. 8 The specific growth rate variation of each alga in incubation cage (a) and incubation bucket (b)

_ 10 e B AR AT

® ool 1LIsTI6X-0.05034 ML ICHEME X ST A5 4 R T KL B3
Y| SRHLE I 1 R G 25 A5 3 K% D C MBS K 1
# 02f SIS T B IR A PR | AT e A e
2 of BT, 5 F 7 2 4 v 3 T PG S A 6 %3 91
£-02¢ TR A ;@ R BIITUAHE 6t RE R A Ot B4R AT 5
o BTS2 i , B AR K OB B 4 1 F 2, 2 Tk
= s W D) S TRUMME T 3% 3 - 2 4 9Bk R e, U

O O WG AR TSR T AR G2 3D A BIF AL
o %Wﬁggigﬁgﬁd g IS ) L €T 00
Fig. 9 Comparison of the test results of ﬂ?\,)(ﬂ’ﬁ{},ﬁz'j?ﬂlﬁbjjﬁﬂﬁﬂ. -

BRFCI I T F I B S P U A 355 2 P A o

SR 4 A HE 1 B, IR B A U BTk

MK TBFIE MBS RS 0 Chla WEJEE KT B (G0 TN/TP 7K 71 BH% A SRP L 1ESE T 1% 0] 4 7K ST 1t
(BRI , B K S FoR S D B T B R A LT, SRP P T = 1 20 7 WK VA 10 30— b K. 7
BB AT B K R 1A (A — i B R B T AR 7 A 40 W R 1 A K B 8 6060 T R A

two devices

RKMIBLEINE L2 B nonA HRHRL 22 a1y 5 HEN — ks b B R 198 vI9%GND ! v ) AR 22 AA = 2019 /0



A 15 IS

FOWF ZUORE R R AR R A A KR A0 B AT R 753

SRS B WAL /INERBE AL A R YA S A (9 D B e S 7 W 0 I 1 B 1 IE B9 A R AR AR AR, ]
it 1) 30T 00 7K P BB DA 1 4 10 B G 5 L L 5 3 S0 7 Al 4 ) 2 R e A 3 ) T R 3 ik R B T G
Ve 2 A= Bl (Ruderals ) 7ERR A AESEAR A TORF B R L O0H B A AHRAE. AHELZ R S B0 A (SR e b 22 B Ty
B B TEDARAIE. P T S T A RS I P A HL bt b B RE RS T 52 B RO 2 ( 2R B R MYl , i i
T A AL A5 T A2 A SR T 2B Y A O BB, DR T 7 ARG A ) A R AT e 2K 38 B T A ( Cli-
max ) , R K. AR R TTE , ARSI 45 SRR BEAE AT 7870 TSR USSR A B 45 1 T ik S RUE K
SRS B A A T A ) AL (A TR e 2R B TR, (LIS 30T 18] 5 B A S T80 A K SR g o i o 2 4 R 2
L IE 1 AR AR Bl T B AE — 2 AR B0 T AT AR AR SC T CS B A R SR e A 7 2R
HREAACRFE , A S PR A 15 T i — L IRABTIE.

3 it

WFFEBET T PRSI TR 1 77256 B DA ARTBURE 8 SRR 7E = ey B2 T vy BH T30 7K 88 i) D Ao A I 3 8
TN % % S 50 T 3T 45 Rl 5 35 8 RS A P 00 B K I A K 3 3 B R b /N R 0.31 .0, 21 d 7 54
LRiAETE 0.09.0.03 d ' 28 BkTE 0. 16 ,0.42 d 7' ;KB PEHE 0.30.0.26 d ' BIIE R 0. 49 0. 95 d . BFSE
PR R P A 1 7206 B H BB 0 V9 T X SR SR 7K b 288 S 67 A K 3 S M B oK, (H 2 B A ) s o T e i
SEBRAE AR SRR T F AT AE — 2 FEA. AN [F)AE A SR e I R B 1 A R R At S5 2 IR R R B A
SRS B ] S A= R AR SR AR R Y B, X 5 [R) BT 5 K ) A SRS AF TR 3 VIR &, (A S LA
F Pt —BHioE.

4 S 3Tk

[ 1] Stolte W, Garcés E. Ecological aspects of harmful algal in situ population growth rates. In; Graneli E, Turner JT eds.
Ecology of harmful algae. NL: Springer, 2006 141-152.

[ 2] MilesJ, Furnas MJ. In situ growth rates of marine phytoplankton: approaches to measurement, community and species
growth rates. Journal of Plankton Research, 1990, 12(6) . 1117-1151.

[3] R, FLEA. KM R AR A AR IHR A E . b R PR R, 2008 ,28(6) :552-555.

[ 4] Falkowski PG, Owens TG. A technique for estimating phytoplankton division rates by using a DNA-binding fluorescent
dye. Limnol Oceanogr, 1982, 27 . 776-782.

[ 5] MilesJ, Furnas MJ. Net in situ growth rates of phytoplankton in an oligotrophic, tropical shelf ecosystem. Limnol Ocean-
ogr, 1991, 36(1) : 13-29.

[ 6] Miles]J, Furnas MJ. An evaluation of two diffusion culture techniques for estimating phytoplankton growth rates in situ.
Marine Biology, 1982, 70 63-72.

[ 7] Pratt DM, Berkson H. Two sources of error in the oxygen light and dark bottle method. Limnol Oceanogr, 1959, 4. 328-
334.

[ 8] Landry MR, Hassett RP. Estimating the grazing impact of marine micro-zooplankton. Marine Biology, 1982, 67
283-288.

[ 9] Furnas MJ. Growth rates of summer nanoplankton ( <10 pm) populations in lower Narragansett Bay, Rhode Island,
USA. Marine Biology, 1982, 70. 105-115.

[10] Sherr BF, Sherr EB, Andrew TL et al. Trophic interactions between heterotrophic protozoa and bacterioplankton in estuar-
ine waters analyzed with selective metabolic inhibitors. Mar Ecol Prog Ser, 1984, 32 169-179.

[11] Braune W. Die verwendung von membranfilter-kapseln zu experimentellen studien der wuchslei stung von mikroorganismen
unmittelbar in Freiland-Gewassen. Limnologica, 1966, 4. 245-256.

[12] Sakshaug E, Jensen A. The use of cage cultures in studies of the biochemistry and ecology of marine phytoplankton.
Oceanog Mar Biol Annu Revr, 1978, 16 81-106.

13] ZEPAE, WINE T =IoK P B B R AL R A5 X 5T K2R A 0241 ,2006,30 (1) :7-11.
[14]  WIEpk, 4R PCAE  BANET 4. =0 e DX i PR B 32 S ST A A IR . 7K AR A= 241, 2006,30 (1) :116-119.
[15]  BUBHZE, BaoREr, AT 7855, =K P 2K i V7 R A4 0 25 BOK BR800 28 43 Br. 7K AR A= 2% 41, 2005,29 (4)

LA B 00ORAY I RL2Z A1 5 HBN O ks EE nno R 198 vI9%GN ! v ) AR 22 AA G

M"M1D /R /DT



K 16 s

754 J. Lake Sci. (#a#3),2012,24(5)
353-358.

[16] Z= 7,388, 0 J555. =W/ NI BB BEETIRE A 4 R 2 B AR 4. PRI ,2011,32(2) :392-400.

(171 Z . ZWORKEB T/ K X8 26 AR 58 A 5 B I8 SO R AE B 5 [ A h0ie 3] T IR 1 RS, 2010
26-28.

18] RRGME. =Wk /N MK X SRR Z I B R T [ A B 3] PR PR ,2010 :4145.

[19]  HEZEIERY SR CORFE A I 3BT S22 23 AR K W00 5347 7 s - 45 4 B Jb st s h E SRR A
#1,2002 .243-285.

[20] Guillard RRL. Division rates. In; Stein J ed. Handbook of phycological methods. Cambridge; Cambridge University
Press, 1973 289-312.

[21] Tsujimura S. Application of the frequency of dividing cells technique to estimate the in situ growth rate of Microcystis ( Cya-
nobacteria) . Freshwater Biology, 2004, 48(11) : 2009-2024.

[22] Ross ON, Geider RJ, Berdalet E et al. Modelling the effect of vertical mixing on bottle incubations for determining in situ
phytoplankton dynamics. 1. Growth rates. Marine Ecology Progress Series, 2011, 435 13-31.

[23] Reynolds CS. The ecology of phytoplankton. Cambridge: Cambridge University Press, 2006 1-436.

LA B 0N L HRYERL 2L a1 & HBEN — ks T B E R 198 wIY9%GN ! v ) AR =2 AA

219 /0



