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Coupled effects of vertical turbulence, temperature and light on vertical

distribution of sinking algae
ZHAO Qiaohua™ , XU Jia, LIU Ling, WANG Jianjian
School of Hydrology and Water Resources, Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract: Physical processes such as vertical turbulence, temperature, and light are key factors affecting vertical
distribution and algae growth. Based on the radiation, water depth, water temperature and water attenuation, sensitivity
studies were conducted using algae growth-diffusion model to explore the mechanism of physical processes affecting the
vertical distribution of sinking algae. The results showed that the vertical distributions of sinking algae were affected by
vertical turbulence, temperature and light. Water temperature was the limiting factor for the generation of the Subsurface
Chlorophyll Maxinmum ( SCMax) or Subsurface Chlorophyll Minimum (SCMin). When the water temperature was higher
than the threshold, with the increase of the depth, the key to the generation of SCMax was that the too much light could
inhibit the growth of algae, and the weak light could limit the growth of algae. The entrainment of vertical turbulence was
the key process of weakening SCMax intensity. This study favored to clarify the mechanism of cyanobacterial bloom and

strengthen the restoration for aquatic ecosystem.

Key Words: turbulence; temperature; light; sinking algae

E%E‘Jﬁmﬁﬁ%ﬁﬁﬂﬁ,ﬁ\iﬁﬁﬁiﬁg%‘i;‘f‘hi”‘“ﬂ@ﬂ‘éﬁ%%?,/\tF‘ SCMax J& H A7 1) FEFHEZ —
SCMax (I RUAAEREZ YIS A W AR G i 45 R 12 LR BE |0 B2 S5 R AR 9 28 A0 15 K AL 1 48 FRoIR A 3 1)
i L A SR R 7 ) B oK A A R A B A OGS KR e SCMax % AL PR AR 7™ g o USG5k

EE&TH : HRK A RPH4 (41371222)
YRS B #3:2020-02- 11 &1T B #1:2021-04-01
# W IRAER Corresponding author.E-mail ; qhzhao@ nuist.edu.cn

http ; //www.ecologica.cn



5466 JAE = 41 %

) 30%—70%"*" AT UL, FESE AR 0] A3 AT R RAFK A B RGE B EESE, Bl TR AR 2 (R
BT S s TR AT AR SR SRASE A B2 [0 o LA ) 288 S S TG 12 B M8 288 [ e A5 JE 558 L DR Ol 7 A K 1 e e 1)
oA BB SRR )

ULAER , T 22 R HKIIA & B SR E KU, i B A IR X E IR h D& A R S Gl 3
TIVE A R SR B ) SUBASA AR T 7K e B DR T 0 S 4 45 R SR ViR B 1y B, o™ 8 1 A B R (A
SR R DGR ) XA RS AR O B R e i A e A S A R K O
RE 5313 T4 5 T 5200 3024 X 9 DL BB, B T B2 LA mT L gy B R (R O B i AL ) AN A RE 52 i
B AR T LI RS R SIS (Y 2 1] 43O DRI AL T OGRS AR R A3 5 0 2 B3 2 I G
T : Huisman' " 75 208 1 I BEASOR A it b 430 7 2 1o i 0 0 B AR KRB A AL, P TR
DM HES A AR AR TR] 23 B M AR R JRd OGO, A L9 22 1 3 0 36288 A R AN Tl [ 43
AR 2 S ETEAR L, K T 35k A a1 43 A AR XS 2950, DR P SCMax (998 BN 4454 51 T
WP, 53— 7 10, B TR B LA R B, SRAEAE R 55 IR S 0 S 2 T 1) oA (1 Bt 5 =, BRI 1T
AATXR LK WA SCMmax A ZRBON AR . 124 0 1k, S8 T WY B A8 (Ui i D' ) 5 0 188 S 3 6] 73
A I 5T 2200 T I BORZS B0 B e P B2 NIRRT 1 9 3o PR A /K A S PR s 2 v i 15 T R AR T
IR A ZS T B RLALIORG JEE

AL = A AR KT T WK AR IR TR AN > 5 K s B ) XA 22 17 T A AR LA A e i
FELRAIR R ABAE 2017 4 L TR FTAA R TE UK AE (1403 km®) 120 LB ST (AN ) 3R ki B
i A 2K T O 1 - B R e A RO B IR R AT R A 55 , R ™ . 1 A B A i it Ll O'6) AR SR 55
— 5T, TR 2 O hk R B TR UTEE, B R IR (RESE ) M AR M RRAE B G
Z B BRAF K AR 1 UCRR A W I 18] 5 S ACHIA P fi R LE 7= 0 BRI ER 2, Lo J3E AN TR JEE 1) A2 A fi
F L AT A R OGRS AR KA bR DTS AR A Y O B AR S ST T DU A T 1) 43 A
A B HAL AL S 4 i A A G A 7 G BE AR ST i e /K AR B R B ) S, DAL, A SC AR B K
(KM BB R 5 SR TR 00 A K — 0 OB R, SR S35 2 8K T #h 3 fi i 3E  JL KOG X 38 14
16 A R MRATL AR , Ay JHE 3 388 218 AR v TR B o B il

1 #HFESHE

L1 A K s Ay
2 AR L AR i o 14075 % R  BE A KA PP IR 0 78 2 2R AR R SR AR T LA 220, AR SC LU
FEERMB YIS RE 55 B KR (T ) AFHOEER (1, ) FOKRIE iR ( D) HE , R K- Bk
Tl AR M 2 AN s e — R AP T RN R
dw(z,t Jdw(z,t ’w z,l
(61: ) = [P(z,t) ~m]w(z,t) —v (az ) +D éz ) (1)
K o(z,0) RN 2 RSy ¢ B 200 B3 5 P(2,0) NBESEME KA BRI T AN m(0.01
W) 2K R LA T TR 38 SR 0(0.04m b))
IKAASGRE H A T 52 A GG AR AT AR T AN PR 1052, 18 SHEOC R E( K(z,1) ) RIEKIE
FIFDEIERT, R B SR B ( K, ) FIBERIB S R B A,
K(z,t) =K, + kw(z,t) (2)
2o,k (15x10™ 2 meell™) ) S MASRANMIRO I STREIR R R, (3) SHIR T /K bR F O AE 0 1] B B ]

AL

1z, = Lexp [ = ([o(o,0) do +K,,) ] (3)

http ; //www.ecologica.cn



13 4 ATy E A ) AL T O KA DO ) 2 A R R AT S 5467

K, o WA, Z FEROKTR , A RO 2 W2 A K B RE R SRR, ik 58 AR DG REAID il B 1 P4 KL SE Tl
AT, 1 1T e R B 2 e B AR T 3 (TR A < A A ) | ITaed 55 B9 YE BRI A AN 1 8 S A 1 o S A1) ) BB A T R
B2 A R (TR GBI ), DRI T A7 A 2 i B S8 AR K A B OLIR T, (420 pimol m>s™") 2 TR 2

3 o 5 M A R 05 P T S MR R A N A K R e, (0,04 R71 ) HOEE AR SE HOCRINE
(T - Tnp1 )2
Mot = Bpaxp [ = 2.3 T] (4)
(T-T,)°
IopIT = [optexp [ - 2‘3 7”1 (5)

BZ
X, 7, (16.5C) P R AR KBRS PR 5 /KRR TIRIS FORERS, B =T, - T, 3 4/KIR/N T Hod
PR, B=T,, —T,, o : T, T 20 KR AERARIKH o 0 Ly 527K B SE LR HCR
e . 28 ERTIA B A R A R AR

I(z,1)
I

P(z,t) =,u,maxT( )exp (I(z,t) = 1,,7) (6)

1.2 Boa USRI i 3 E

W ZR B KRR N, B2 (3 A—5 ) Tl # A+ 5—30°C ; K, Btz A8k RIZ1 2 HAG A F
0.7—12 m™"; I, v F 0—1900 pmol m™ ™", HH/NTF 9500 wmol m™ s~ YA i HL 85% 227, AR ST A
MBI RRAE , R B KR (2 m) | 1, (950 pmol m™s™) | K,, (0.1—7.1m™" 2K 1.5m™) | T(8—36C, H K
4°C) \D(0.005—100m’/h, 254 A 100 1) , I B ik s H ARl AUl 720 b, B 30 d
1.3 BOBIRA S R B A R A

R T 55 A 2 e X L 1] A (5 ) SIS [ S [ 437 199 L A8, AR S5t ke g 4 ik K T 1 IR £k (A
55 25 /NBF—720 /N AR RO ) SEAT VA — PR AR B E S T U — Ak B AN B AR B A R Bt st 1) AR Ak, Bt R
(4) FO EEIE — AU BRI R (fRTFR . FE )i AL ) HEA T

(z=2,)?

e 2?2 (7)

Q(z)=0Q, + Kz +

o 2
K, Q(z) BIRE 2 b B — b BN 5 5 Q, S0 — L BE AN M % B 19 58 K 20— i 20 it 2% e IR
FEARAI RN s H RV — A 40 M B2 0 T S RROME 5 o APRIEA T 25 5 2, s R I — AR sE 20 X I A TR BE

2 ERES

2.1 BERAERRELIE R

B 1R T Al e KRR BEIRLE 18 5O R B &1

JRAE K R S WA R A A R SR A 3R 22— (EL RS 2 B8 K T 5 AN 2 0 A K 3R A e o) 22 5, PRV T S
B e F X RS K AR B IR

SHLIEHIC K = 0.1 m™") BZRIRAROCRESE AL , BRI B2 AR 4 . BETR BE A3 R, S RE RS A7 I8 , AT
PR KR BEIR B W K, BB RE (B 1) s BETFOEAE PN, SeRE il , 22 J2 L B IR 1 il 5
KA (E AR BE B4R, Sl REZE M 2 s B X ARG A2 BE 2R A A I 3K CBIDIE PR ) o el 1] e BR A A4 5%
AR EORRIZ AR R (18 1) o 1206 B TR B BEA AR DR R R 2 8 % (1) o R,
B KA FEA G A | UL R AR KT REC 2045 1k, HK T DG RE B | e A5 1L AR B
K

TEZK LT R 28 9 S i i L BE e RS PR 288 A ) PR T8 T 553 2 I R AL Y B 4 R B i
[ 3R 5 R B R T S i B P AR S T i N e AR X 8 SR AR K ) BR A o e i, VgL o B P TR R 1 40
.

http ; //www.ecologica.cn



5468 2 R

&t
e

Eild 41 %

WEEH — 0Im?' — 16m! — 3Im! — 46m’ — 6.1m’ 7.6m™!
8°C 12°C
’ \ﬁi 0 \\ﬁ"?
| J | }/ﬁ{ ?\‘
2 . . ) 2 . . ,
—4 -2 0 2 -2 0 ) 4
16°C 20°C
| % | %
£ i f
= 2 3
g2 0 2 4 -2 0 2 4
a
b 24°C 289
| /% | %
2 . : : 2 . . ,
-2 0 2 4 -4 - 0 5
32°C 36°C
0 \‘\\ 0 ®
2 L i . 2 /4 L i
—4 -2 0 2 -2 0 2 4

JH— 4k 352 4K % Normalized algae growth rates

B1 AREEEFESNELRBMET—UERERSE

Fig.1 Normalized algae growth rates at different temperatures and diffuse attenuation coefficients
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