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Vertical Migration of Algal Cells in the Daning River Bay of the Three Gorges

Reservoir
ZHANG Yong-sheng' , ZHENG Bing-hui', JIANG Xia', ZHENG Hao'> ,ZHONG Na', CHEN Chun-xiao'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environment Sciences, Beijing
100012, China; 2. College of Land and Resources, China West Normal University , Nanchong 637009, China)

Abstract: To support the basic data for forecast of algal blooms, circadian vertical migration experiment was carried out in the Daning
River Bay of the Three Gorges Reservoir in July, 2011. The results were as follows: in this period, different algal species were found
in the Daning River Bay, including cyanobacteria, green algae, dinoflagellates and diatoms etc; the distribution of algal cells was
uneven, 72.5%-76.2% of algal cells aggregated at 0.5-4.0 m water depths from 10:00 AM to 10:00 AM next day, but 7.5% -
16.3% of algal cells aggregated at 0-0. 5 m. Morisita’s indexes (MI) of algal cells were from 1. 41 to 1. 97 in day time, and from 1. 17
to 1. 55 at night. Morisita’s indexes of chlorophyll a( Chla) were from 1. 31 to 1.59 in day time, and from 1. 17 to 1. 39 at night. The
vertical migration also occurred at 0. 5-4. 0 m water depths. The algal density was not significantly related with the concentrations of
nutrient except that of dissolved total phosphorus (DTP) (r =0.89). The algal density was also influenced by water temperature
(WT), pH and specific conductance (SPC), and the correlation coefficients were 0.96, 0.97 and —0.99, respectively.

Key words : Three Gorges Reservoir; algal cells; vertical migration; forecast of algal blooms; correlation analysis
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Fig. 1 Sampling sites in Baishui Bay, the Daning River

and the Three Gorges Reservoir
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Table 1 Light intensity at different water depths/pumol+ (m?*-s) ~!

K/ m 10:00 1200 14..00 16:00 1800 20:00 22.00 2400 02:00 04:00 06:00 08 .00
0 8271 10 002 8722 7577 1954 109 9 3 2 9 1032 4127
0.5 7520 9329 7293 6621 982 75 1 0 0 2 864 3284
1.0 6 682 8529 6827 4528 736 32 0 0 0 0 574 2103
2.0 5094 7021 4868 3961 495 6 0 0 0 0 325 1003
3.0 3362 4953 3587 3001 108 0 0 0 0 0 79 776
4.0 2787 3725 2853 2497 71 0 0 0 0 0 24 249
5.0 1883 2198 1854 1536 4 0 0 0 0 0 2 69
9.0 402 805 458 398 0 0 0 0 0 0 — 4

®2 AEKEHIKE T
Table 2 Temperature of water at different water depths/C

K/ m 10:00 1200 14.00 16:00 1800 20:00 22.00 2400 02:00 04:00 06:00 08 :00
0 32.25 32.45 33.35 33.96 34.39 35.06 34.00 33.30 31.10 31.11 31.25 30. 94
0.5 31.36 30.24 31.37 31. 86 32.38 34. 89 31. 86 32.63 31.73 31.49 31.33 30. 28
1.0 30. 35 30. 38 30.41 30. 69 30.78 30. 58 30. 69 30.71 30. 10 30. 09 30.51 28.98
2.0 28.35 27.85 28.13 29.12 29.47 28.98 28. 15 28.77 28.43 28.39 28.70 27.84
3.0 26. 84 26.6 26.67 26.77 26. 83 27.69 27.01 27.09 27.27 27.25 27.30 26. 63
4.0 26. 11 26.13 26. 15 26.32 26.41 26.58 26.34 26.07 26.20 26. 18 26. 14 25. 81
5.0 25.65 25. 61 25. 66 25. 64 25.59 25.72 25.79 25.65 25.70 25. 66 25.73 25.55
9.0 24. 84 25. 06 25.07 25.09 25.12 25.10 25.01 25.05 25.10 24. 99 24.97 25.03
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£3 AEKERERERE /m-s!
Table 3 Speed of water at different water depths/m-s ™!
KB/ m 1000 14.00 18:00 22:00 02:00 06:00
0 0.05 0. 05 0.04 0.02 0.01 0.02
0.5 0.05 0. 06 0.02 0.01 0 0.03
2.0 0.04 0.04 -0.01 0.01 0 -0.01
4.0 0.02 0.02 0 0 0.01 0.01
10.0 0.01 0.02 0.01 -0.01 0 0.01
1) BfF A 0

P K R 2 250 YSI26600 (€[, 45 R
A M2 B SR | AR pH. X AR K RE B
FH - J08 U8 0T 35 40 B AT A SR B, B L
B3 U, BEVRERULEE 3 N | SRl K S e S %
KA A EE B E S iR 2 SRk
B RH20,0.5, 2.0, 5.0 F19.0 m &b /KEE,
AT EA, MAAMIMHEESR ., H8A. B %
it A R R R 1) S 3 . 7K T R
R FE Rk 1 A B TR VNS A 5 AR A3 OB R (GB/T
11894-1989 ) , firf i £k 2 (1430 5 1| FH 48 1436 B vk
(HJ/T 346-2007 ) , WA R 5k 280 A8 e A1 43 66
2 (GB/T 7493-87) , &AM I 2 1 44 FR LD B
5 (HJ 535-2009) , ik I e 41 FH o 1 24 1 e 4
TR A3 66 B 15 (GB 11893-89) , 14 fiff 1 Bl 114 )
S I FH 3 T 4 1 A AH R 7 6 7 (GB 11893
89) , Vs fiff- 1k 1 Wl 1R S 1 ) S ) FH B R 4 e ok I
2 (GB 11893-89).
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Fig. 2 Species and morphology of algae at 12:00 pm at water depths of 0, 2.0 and 9. 0 m, respectively

(c) 9.0m



3790 7

B 3B

28.9% ) ; BEFEMT O m AbFTA BEANMIAY 34. 7% , fEH:
bk )2, SRR Y 1 0 LU B 7K R B S Rk e, H s
FHABSEFR 1) 1 45 B A A R A X A2 . 18,00,
WS 0 m AL AN 8. 8% , £ 0.5 m 2.0 m
SFLA 53 S s AR RRAE , 43900 10. 8% 1 12. 9% 5
S35 0 m AbJIT A AN 64. 3% , HLEE K RHE
Iy FUREAR, BR T /KIR 9.0 m &b, ik d A Hifh &% K 2
AR K 2 Y A0 IR ) LR RN 23. 6% ~
44.5% JA Sy L 23S KR 9.0 m A HH 5
FbR 15.5%. 22:00, % #EAE0, 0.5, 2.0 F15.0 m &b
435 5 AR K2 P AN Y 32. 2% | 18.9% | 15.9%
15, 7% 5 2537 0 m ALPT A P49 39. 1% , LL

oM SR
() 10:00
100
=
S 80t
R 60} ey
o e
= 40 R
f,_g 2t
0
() 18:00
100 e -
< == ===
LN 80 b [ —— -
R EeE ==
& 60 BN ==
2 405 R
= R R
3 01 B R
o L2 )
0 2
(e) ¥k H02:00
100 e
S gl o P aami R :
2 T e ey e ==
X o0 B BY O B B B9
ket ] ke b i
e Rt Bty e Res
RN St (s
# |7 T 7 % %
0 0.5 2
JKG/m

1800 TR, (H 245 K JZ 4R A 7 LA XT 457, K
33.3% ~44.0% ; RERAEEKZER A /3 & 75 18.00
Ffl; WH 02:00, KR TER /K2 Th & EAXE
W SN 33.3% ~41.8% 3 SEFERYE
GHAN34.9% ~45.1% ; FEBEN TS EA N
10.7% ~18.2% ; WHM EH T & HA N 3.6% ~
6.4%. K H 06:00, B A7 0 m A FTATSEAI LAY L]
KA 39.6% ;5 14k B H 7 LA X F2 o, 8
29.7% ~36.2% ; MEERETE0, 0.5, 2.0 F15.0 m &b,
A AN 7K 2 NS I B o0 EE o 17.1% | 24. 8%
27.0% 1 21.2% ; W B mAHX AR E,4.1% ~

9.0% (&13).
mEET]  BAREENT a N
(b) 14:00
100 —p
. AFRE ——
5 80 prd = =
RN == - I
2 40 B RN A
B 0T MY B ¥
g V7
20+ 7 %
0.5 2
(d)22:00
100 L1 L
= ol 29 A
R 60 R T
s R U
| Re ey
2 40r B R
g 20 % S
2
b . %
0
0
100 S
;:; 80+ [
& 0T K
g }’,\"‘
g 20¢f %
N .

3 AREMERABERRKEHNESE

Fig. 3 Percentage of algal species at different times at different water depths
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Fig. 4 Percentage of algal species at different water

depths at different times
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Table 4  Percentages of algal cells at different times at different water depths gaps/%

K/ m 10:00 12:00 14:00 16:00 18:00 2000

0~0.5 16.3 14.3 13.6 11.6 11.2

0.5~4.0 76.2 74.3 75.3 74.5 73.5 74.8
4.0~9.0 7.5 11.4 11.1 13.9 15.3 17.3

22.00 24.00 0200 04.00 06:00 08:00

7.5 9.7 10.7 11.9 12. 4 16.2
74. 4 72.5 74.7 74. 1 74.7 73.6
18.1 17.8 14.6 14.0 12.9 10.2

1.0 m,} 4.56 x 10° cells-mL ™" ; 2000 3% & i K
EHEBMEKT 2.0 m, 502 x 10° cells-mL. ™" ;
22 :00F1 0000 #% i KAEHIAEKT 1.0 m, 57
BN 524 x 107 cellsemL™" F1 5.57  x
10° cells-mL~"; ¥R H % /= 02:00 ~ 0600 ¥ %5 ¥ f%
FAE B AL B AR A, 433128 7K R 0.5, 1.0 1

2.0 m, 235 5.05 x 10°, 4.78 x 10° Il 5.78 x
107 cells-mL ™" 5 YWCH 17F 08:00 % B e KA H
M E ~O0.5 m, M 4. 66 x 10° cells-mL ™" LR H A
10:00 320 i 2% B8 fe R A AE KT 1 m, 2
5.07 x 10°cells-mL " (& 5).

2R3 a (1443 A FISE 4 A A9 43 A 25481, 10 00
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Fig. 5 Distributions of algal densities at different times
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(AR EE L A i i) RAE TR L, 1R MI 484K
1.31 ~1.59 Z[u), MM MI $5%4 1. 17 ~1.39 Z [

(%5).
2.3 SELML A3 A IR SR PR R

FASCHE IR B B B S I 4R a L KRR
W EARDG, A OC R B30 R 0.96 F10.97, 5 pH
B, AT VA iR A 0 A DG A DG R B 0. 92
F10.89; 55T Hy A B 3 UM G, M OC R ECH
-0.97. M2 FE a 5K, pH (. AT% M Sk
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Table 5 Morisita’s index (MI) of algal densities and chla in day time and at night
WED 10:00 12.00 1400 16:00 18:00 20:00 22:00 2400 02:00 04:00 06:00 08:00
MI-AD 1.84 1.97 1.92 1.87 1.71 1.52 1.55 1.32 1.17 1.21 1.41 1. 67
MI-Chla 1.59 1.55 1.51 1.42 1.47 1.39 1.22 1.17 1.21 1.33 1.39 1.31

1) MI-AD ; 355 FE 1) MI #5400, MI-Chla: 43R a ) MI $5%K

PO, 5 A OC MO R A R 0. 88, 0. 93,
0.91 F10.92; 5 J 5 EHOC, # X R
-0.88. [HIEANEIE B A & P 5 40 i A 2
R 5 HA KW K% U Ca A . TR &
POGIR 5 7K TR AF 76 35 M oG, M oG R AR
0.98; 5 pH W EHC, HAHX R%0.86; 57

H, 2R 5375 W B A7 AH DG, AR OC R B3I o - 0. 91
M —0.81; FHRG IS KEM pH (A 2K 8 F
A MR BN - 0. 98 F1 —0.99. M5 5
W 2 53 A DG R G R B Bl - 0,90,
fRMERSBES PO, BB EIEMX(r=0.97)
(%£6).

&6 MAXIERHEREI T

Table 6 Correlation analysis of related indexes

AD Chla LI WT SPC DO pH TUR TP DTP PO; - ™ NH, NO;  NO,
AD 1
Chla 0.96 1
LI 0.73 0.76 1
WT 0.97* 0.88" 0.98™ 1
SPC -0.97" -0.88" -0.91"™ -0.98™ 1
DO 0.59 0.77 0.71 0.41 -0.38 1
pH 0.92* 093 086" 0.99™ -0.99™ 0.49 1
TUR -0.32  -0.36  -0.81" -0.29 0.12 -0.58 -0.26 1
TP 0.31 0.33 0.43 0.31 -0.14 0.52 0.28 -0.90" 1
DTP 0.89* 091 0.33 0.82  -0.77 0.74 0.83  -0.59 0.41 1
PO3 - 0.83 0.92* 0.54 0.71  -0.70 0.84 0.76  -0.50 0.31 0.97* 1
™ 0.55 0.32 0.67 0.60 -0.73 -0.34 0. 64 0.31  -0.17 0.19 0. 04 1
NH, 0.54 0.59 0.54 0.48 -0.46 0.60 0.53  -0.32 0.63 0.33 0.33 0.15 1
NOy 0.35 0.11 0.62 0.52  -0.499 -0.45 0.42 0.40 -0.17 0.27 0.07 0.75  -0.39 1
NOy -0.37  -0.18 -0.67 -0.52 0.37 0.08 -0.42 0.53  -0.70 -0.23 0.00 -0.50 -0.40 -0.46 1

1) = = FIRBEMK p <0.01; * FRBEMK p <0.05; ADFEHH, Chla; M4 a; LIOEIR; WT. /Kl SPC. SH%, DO IEM4,; TUR, M
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