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Distribution, relationship and significance of phytoplankton, chlorophyll-a and
environment variables in spring season of the Zhelin Reservoir, Jiangxi Province

LI Yimiao, LI Maotian™ , ATl Wei, LUO Zhang, HU Jin & HOU Lijun
(State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, P.R.China)

Abstract; Zhelin Reservoir is a large canyon-reservoir in the midstream of the Yangtze River, and the storage capacity is 79.2x 108
m? and length is 115 km. Through measurements on a moving vessel and at fixed-point sites in the Zhelin Reservoir in April, 2015,
the distribution of phytoplankton, chlorophyll-a (Chl.a) concentration and main environment variables (including dissolved inor-
ganic nitrogen ( DIN) , dissolved inorganic phosphorus ( DIP) , dissolved silicon ( DSi), water temperature, turbidity, dissolved
oxygen (DO)) were analyzed. The redundancy relationship of phytoplankton taxa and environmental variables was analyzed using
the software CANOCO 4.5. The results showed that, 1) the reservoir water was categorized as a middle-status in nutrients. There
were 34 main phytoplankton species in the surface ( the cell density of which exceeding 1000 cells/L) , and the average biomass of
reservoir was 0.41 mg/L. The dominant algae ( dominance be equal or greater than 0.02) were the diatoms and cyanobacteria.
DIN, DIP, DSi and water temperature can impact on the structure of algae, and the four factors were explained for more than 60%
variation of the algal structure. 2) The reservoir had a significant phenomenon of subsurface chlorophyll maximum (SCM). The
depth of SCM appears at the water depth from 3 to 8 m, and the thickness is about 2—7 m. The Chl.a in the SCM layer is 25.2% —
74.1% among the total in the vertical. The algae in the SCM layer absorbed the nutrients, resulting in decreased concentrations of
DIN, DIP and DSi and the increased DO concentration. 3) The reservoir had significant biological and biochemical filtering effect
for the DSi. About 11% to 12% DSi were absorbed by organisms in the middle and upper area of in the reservoir, and accumulating

about 21% DSi was absorbed by algae from upstream to downstream. 4) Nitrogen and phosphorus emissions by human activities
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have a serious impact on the ecology and water quality of the reservoir and the adjacent county region. The concentrations of Chl.a
and DIP in the region is about 2.9 times and 3 times higher than that in the natural region of the reservoir, respectively.

Keywords ; Phytoplankton; chlorophyll-a; subsurface chlorophyll maximum; biological and biochemical filtering; Zhelin Reservoir
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Fig.1 Sampling route and sites in the Zhelin Reservoir
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0.02) Ak TRIEEBET ], Ak T LASORE B4 e 0R: BB S 28 7 Rl AT /NI B L SE T B AT BRI AR B AT 3
R B EF A EE 5518 0.026 ,0.080,0.021,0.022 F1 0. 111 ;5 3 T LA HRE v 6 i e 28 ifn
IR ] AL £ JE R /N R 8 g P A, AR 358 43531 0.073,0.081.,0.110,0.028 F1 0.052( 3= 1) ML 48R T &
SEITBL A KT B BRI D 22 0 20 b, LR BN AE BN PR H B i A SR IIBL C A1 D REEZE Ak 18
A2 Fifr, LAE B 35828 55 A mb &0 iy (ol B30 WP BE Y A URT B s 18 A5 0 o 400 i B2 40 301
0.39~0.51 mg/L il 4.1x10° ~5.4x10° cells/L, &7 T [ AAITEEE C 1 D £510 0.26~0.46 mg/L il 2.7x 10° ~
3.7x10° cells/L( & 2).
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Tab.1 Codes, names and dominance of phytoplankton taxa species in the Zhelin Reservoir

g kg T4 PEEE || RBS scfhg FiT4 MR
g B4 WO Scenedesmus bijuga <0.001
Al R B Melosira granulata 0.026 || B6  PUREEHEE Scenedesmus quadricauda 0.002
A2 BRI B4R Melosira granulate 0.016 B7 44 Ankistrodesmus acicularis 0.002
A3 HAEERE M Melosira granulate var. angustissima  0.080 B8 Filigh e Cosmarium obtusatum <0.001
A HEERRPAEF Melosira granulate var. angustissima <0.001 B9 SYuHH % Closterium gracile 0.001
AS AL ER Melosira varians 0.009 ®E
A6 e /N Cyclotella meneghiniana 0.021 Cl 10 FE e Microcystis ichthyoblabe 0.073
A7 HE/NFHE Cyclotella stelligera 0.004 €2 Bk Dolichospermum circinalis 0.081
A8 EWEME Asterionella formosa 0.022 C3 2K Anabaena oscillarioides 0.110
A9 T Synedra acus 0.111 || C4  FCHlfafE®E  Anabaenopsis arnoldii 0.028
AL0 WA Synedra amphicephala 0.003 C5 TN B Phormidium tenus 0.052
ALl JRPIRE Synedra ulna 0.007 C6 JINB Oscillatoria tenuis <0.001
Al2 B Tabellaria fenestrata 0.001 2
A1 YIRS Gyrosigma kuetzingii <0.001 DI LRE#E Euglena oxyuris 0.002
Al4d BEERH Nitzschia palea 0.001 D2 K R i P Phacus longicauda <0.001
Al RN Achnanthes exigua 0.001 HE]
i El LR Glenodinium gymnodinium 0.009
B1 + Crucigenia apiculata 0.001 E2 TR £ H Ceratium hirundinella 0.001
B2 R Actinastrum hantzschii 0.001 [Eb- A
B3 JeEtiE Scenedesmus carinatus <0.001 Fl  RE%KREE Chroomonas acuta <0.001

2.2 Chl.a iREKM =BT

P L B LEE T E AMOK K & Chl.a vk BEZEBEAR 2 T B30 B (A A B ) F1 A AR B (C T D
) RBLEWIBE, ARIE Chl.a VEBFFAETE 2 we/L 2240, MEARIR T I B 253k 5.8 we/L, & HARTT B 2.9
£ (B 3) 53X 5 T BT AR A 77 U s 2 A Ay e A 200 =2 B ) 43 A B — 30

He[A) |, 4 A RS KARRY Chl.a ¥ B 50 3 B T Ik 22 M4 R I KME LS (subsurface chlorophyll
maximum, SCM) . SCM #JHIIZE 3~8 m, [ A g4, Ay 3 M 3~8 m IR 2R R/, 10 m L F RS
1.5~2 pg/L( & 4). B 5 SCM(10.29 pwe/L) HHLFE 3.2 m, 330 [/ 4k & 4 4.19 pg/L,SCM 2 2 F1 Chl.a
A KRR 74.1% A 5 SCM(4.2 png/L) HIRAE 2.78 m, e 31 K 3.61 png/L.C £ SCM(2.51 wg/L) I



FREF IBERRERSTFHEL AEF a5XRBRA TSR XEZAEL 629

36 O gnfesy O 4dr& 0.6
3 =
s 4 04 &
= A
) 02 &
# 'S
2
Eﬁ O T T T T 0

A B C D

RFERL

P 2 AHAROKE 4 AR i B 4R MO -F B R AE i

Fig.2 Cell density and biomass of four sampling sites in the Zhelin Reservoir
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Fig.3 Longitudinal distribution of chlorophyll-a concentration in the water of Zhelin Reservoir

PRTE 2.17 m, TR P 4(H K 1.78 we/L,SCM J2 B Chl.a 5 36 /K41 27.8%.D i SCM(2.75 ne/L) HHTE
2.33~7.26 m, L EHIEH 1.99 ne/L,SCM J2 BF Chl.a 5w KRR 25.2% (1K 4).

2.3 MERFHZFE D

231 AREZFWEE QAR EE Chla REWA XX Z M LB LHFETE, DIN ik EE7E B 2R (C 1
D 50 FIHEARIR T B (A Fl B 1) RIZZEHIA K, BIFELE 0.69~0.84 mg/L. 1 DIP FE Mt &P 35 i ¥ B 114 vie B
(23~36 pg/L) i KT AR B (7~12 pg/L) S A SR BEY 3 54547, N B f58] D f1, )2 DIP ¥R T %
T 72% .DSi VR BEVE AW A £ 4.82 mg/L FRES] D AW 3.8 mg/L(E 4) , FFET 21%,C Sl F
dbjE i FOK AT TS 2 4.48 me/L.

T HRZEZFIR)Z, B Chl.a MR W EAME , B IR0 24525 {k. DIN [ DIP ¥ £ ¥ 78 % 2 A Chl.a
WRE ) SCM 2 R BUEB/IME , Wi 7E Chl.a ¥R SCM 2 Tk Bl K, 2R E AW /D, 2 10 m LR B#ikaaE ;
I DSi e FEBR B SN A 382 22 AW, BInig & 10% ~12% (E 4).

AN, K 0~ 10 m (1) Chl.a ¥ 5 DIN DIP F1 DSi ¥ B (940 ¢ 2 543 319 0.154 .0.814 F1 0.140 ( [&]

5).
232 MEERWEE A W ERIZKEKRE, A LWFE T, LUt S83R i B 5 H AR W BE(C D
FOWT 220K K, Y78 20~ 24°C Z 0] TD M b 3 [0) F U AS W36 i, AL A S50 5.1 NTU 3 im 2] D s5 69 13
NTU ; DO ¥ B M\ 130 1] T i Al A S 1 ik 34, DA L et SR 3k T3 ¥ BE (A R B 450) 19 10.2~10.8 mg/L 34 m | T
UiE BRI (C A D 5) (1 11.5~12.0 mg/L(E 4) ; A LRI TR M 0.2 m/s FEALE 0.1 m/s. A 37T
Ui SD R Tk, A FUKE 2.8 m, AT UL, B .C #1 D 4549 SD 430l 4.4 7.8 1 8.1 m.

TEm L 0~5 m, 2% S BUREING , WT 20 T B, PRI RF 1.5C/m,5~20 m Z18 T, T REIR R
h0.3C/m Z247,20 m IR WT RSEAE 11°C 2247 5 Uitk BRI Ir Bt (A 1 B ) /K44 TD AR, 1iif 1 4%
WBE(CAHID ) 7E 0~5 m %5 15 TD YIARKIFEAL,5~7 m LU SXURWIF 55 DO e B 9 ) 28 Ak 15 Chl.a ¥R
HIT 2L, 76 SCM JZ 77 DO VR i KA (& 4) .

2.4 KEEHFMKE
FRARIKEE I i 4 A3 57K i DIN DIP 1 DSi ¥ J3 119 -S4 43534 0.83 mg/L.13.89 pg/L 4.44 mg/L.
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Fig.4 Vertical distribution of chlorophyll-a concentration and environment variables in the water of Zhelin Reservoir
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Fig.5 Interrelation of chlorophyll-a concentration and nutrition concentrations in the water of Zhelin Reservoir

JKPEN = P HABITE 26 DL, frisiihs 116, MM K N = P HC(RGIE 5 T Redfield FEBI(16 2 1), BEIT/K %

" DIN HHXS FLACTE R, 1 DIP A BRI A -
FEMOKIE A LW T ABLC.\D 4 A3l s 2R & B ORGSR B (TLI( X)) 43090k 37.30,43.65 ,33.04
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FHAROK e T2 B (AL TR > 1000 cells/L) A 34 i, SEX 40 L 3 18 g 39x10° cells/LL, SE-34 4 4
0.41 mg/L, FLAH MY = B2 FIAE Wt PO, AR B ) 245 1) T 07 S 3e /N T 5 R 90 % 0 J 9 760 80 o o
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A4 FLRSE R AT 16 AR A I Ul L AR T 74.9% I IR B A8 2 Horh e 55 1 il 42.8% L 7F
552 o 32.1% .12 Fhik i (115 80% ) |5 Fh&RIE (1 55.6% ) Al 1 FhEREE (i S0% ) B4R W% DSi 5 DIN
VR FE 9 77 481, DS1 MR BE 545 1 RhAAR G 2280 0.733, 555 2 Bk A5 2280 —0.181; DIN ¥R I 545 1 il
(KA 36 R H0CH 0601, 5555 2 S G 2 80 —0.342 , 72 W Rk R 1 4 KT (08 DSi A DINLIX 2 R K Si
TCR A AR AN E I T TE R, HE K B0 DS I T sRABURITEL.S Fhigde (i 71.4% ) |5 FREME
(1 33.3% ) \2 Rk (44.4% ) .2 F T (5 100% ) A1 1 BB (15 100% ) A4 T2 BE VT %5 DIP e B2 Al WT
(977 [ HES , S ILT TE A GG 28, DIP #e B 5505 1 AAOAR G R B0 -0.202, 555 2 Bl A0 ¢ 250k 0.911, WT
55 L REAR G R E0Ck 0.345, 5505 2 BlAAR O R BN 0.671, W TP 3 (9 A K O 24Kt DIP A% 5 10
W32 B A 7R [RS8 R 4510, 22800 P X A BRI A A7 B 0 R T A, ik Ak v DIP e 2 e
G, A A K T R A B W e (0 TR SRR M AN SR ) B MOK R 2 WT 342
HE 25°C, B A R T JE A K B RS B340, TD A1 DO e B 45 PR T 15k £ 508 28 40 = 8 14 7
AT 90° ([ 6) , T LS 45 1.2 Bl ¢ R BN T 0.45, 5] TD Al DO ¥k J3 X 36 4 I B 5 i s/, b
PRSI FE T AR L T FR B DR T AR MR /K 2 DIN ¥R i DIP ¥k DSi vk i F WT 7 RE X 38 6 4 A B %
() 52 0 I H VP AR UG 025 5 DRl 4 A 45 R 5 2012 — 2013 ARt £ 245 51— B0, 39 42 WA bRk e s 2
AT S IV 0 g D A 2 e 0 1 ) S 0 AR A T A QAT AT B R B R A K A A
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Fig.6 Correlation plots of RDA on the relationship between the environment variables

and cell density of phytoplankton taxa

3.2 Chl.a K ESNEEFHIEX S
3.2.1 A4kt Chla fn g 3R 2h iRy ®om L iiMEAR T LT B (A A B i) ZRIAHY Chl.a ¥R EZ T ] 3
{H(4.0~5.8 pg/L) B & T FF A SRTEL(C R D 45,29 2 pg/L) (1 3) 3k R AZEHEROW Chla 3 2L
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A W L. B 5 DIP #eJ¥ (23~36 pe/L) ik T HARTTEE(C S A1 D 45, 7~12 pg/L) | X 3 ik Bk
AR ZEHE AR T i i B FR 4k, B A0 i 72 BT Be s i i ke M A i B in (% 1) ,Chl.a
W R E RN (& 3.4).

322 Chla k8 SCM B ER EEFBREER 2 AN X E  MMAKIEKIK Chl.a ¥EEH B E 1) SCM
% ,SCM ZIREEN 3~8 m, B R 2~7 m,SCM JZ i FA KA 25.2% ~74.1% (1 4) 46, EA &)
IR BN S BOR AT A YR IR 1) 4N 2 IR ST SR R R K K B B 2 TR R AR AL 4
3 T W SCM B4 SCM e AR G TG PERE ST, F8 59 IR A 240 Ak A, IS 220 1 e KA 1y
AL LT — 5 TR 2 MoK R S5 HASATA AR 2 R i SCM 4 26 B, SCM. . J2 1A R /K 128 353 A7 78 1Y
PG, H SCM 2 (TR B AR 1 HLIGTE/D.

FHMIK R R SR AR MR BE I Chl.a v B 2 1) A8 £ T A8 AL A AR AIE 2 B, Chl.a Wk B2 9 38 1) 2840 T B0E S5 48
We AR AL AEZRZ R SCM 2 325 i DIN  DIP , 35 fifi FLk Ji 3 /0 s SCML JZ 1) R 2 /RAETIA 325z i DIN
DIP {H SCM JZSET- 1 K H #2543 (¥) DIN | DIP (1) TR 250 B , 5 ECH vk 7 38 1 5 9K I I 0 A 0057 0 5% , DIN
B IS/ IN, DIP ¥ BE WA 98/ (1] 4) (T DSE VR BE B 2% ) JICAS W8S I i e a5 2 B, LA R 20 SCM 2 il
Wi DSiE v B /b %2 N R IE TS, IF AN REDRSEIA Hh B DSi, M SCM JZ (9 F 2 oK 3K
DSi IR S0 7 HH B i R{E, DSi A1 DIN | DIP WIS B 4 i 25 57, DA R TR 4 33 T %) B i S B L e K
HHEIAET(E 4).

Fah MM NP (3726 L 1 i ik 116717 Redfield 2 H 521 , TR UMK 10 A K S0 TEHL
FUMBERRER IR A I8 16 2 1A LU BEAT D7 R MOk K A N <P 875 T Redfield LA, 15807 7K 13 v
DIN % tb #5782 , 11 DIP R BRI R F. 55 /1, R B 10 m DL L 7K {& Chl.a ¥ & 5 DIN DIP A1 DSi ¥ & #H %
ZEU N 0.154.0.814 F10.140 ([ 5) , iX FBHAMIMOK ZEK 4 Chl.a & B2 1% 2370 10,52 2] DIP ¥ BE Y 5200
323 ChlLa 5 WT.DO & fn TD th s i oA X & B 6, Chla VR EEAE KRR 3~8 m I B 1Y
SCM 2,1 WT 7E 0~5 m HBH] A IRER R , 201 SCM 25 WT IR ERJZ SR — 3, SCM J2 & B/ WT IR E
W HE TH(E 4) X B SCM 2 A E 5 WT IREKZA % Y] 56 . H K, 78 SCM 2, DO ¥R 5 3 g R fH, i
EH FZMTZE, DO WREEX /D, X Ui Chl.a MR H R B ¥ T DO YR EE 4370 (B 4) AL R K
SCM E @y keA K, Bl R A<, S8 DO WRIER A B i KAE. 5548, TD 76 0~5 m AW
FEAAY S (T 4) , R g 32 B0 R A 300 (R) V52 0 1 R 0 B R U /0 BT v .76 5 m DL, TD BAESE
(FE4).B 5 5mPIT TD Frm EZURRZ R BT . C &% TD 78 12~20 m H BIE(E, H 7T
AE IR IR 2 B AAAE BRI T R R 4B, I mi b K A A B T AR R (WT A fa)) i a5 7, A
M E N S, SBUCA R 12~ 18 m (EMEX (K 4).

3.2.4 45 kA E AR Chla % JE i SCM 2 % HHL#  Chla WY SCM B4 F7E 1935 4F A i3 ™, 1958
4 Sverdrup FHEDCZIRIE (Z,, , FHEOEHRIEE] 1% BGE) FIRAZHE (Z,, KRR 850% 15 1 IR 1 254
AR/ TR BLIR A FEA K ) B HE AR AL HE AR I1TE SCM. A 72 A AL, 352 0 LA 00 s SR (396, kA 2.,/
Z o 0 T BB CIRA R R BV T FUR TR ), W2t A 1, o =2 U A K B 3 TR
K SCM FIHLER " S A B TR A I R 7 1 5 kA Tl 18] J2 A R s 19 56 2, TiT K AR T 1] J2
AR 58 BE RO R IR R R AR S5 1 K EEh SCM T IR & 56 A i TR 2 I TETE 5 45 , IRLER 2 B 15k
PRI E IR A S e, 762 PR RURTH LR R 5 LV T W ML 0T 55 016 40385 7 i B S B3 23 i 26
FBE A TR IR TEDETR 1% ~ 12% HY/K T2 OB )2 ) Se A Rim ™ ; B AMRERZ NS F: 5 A K
TR L f AR B SRR TR B, REGRERZE WL HE T X E SR E 8, Wi K T R 21
FEFRAIR . L RIRBRIZ X 55 6 O T IO SR R 5w LR R L T, B A S K
A7 FE Chl.a 3 (9 SCM BLGE. A b iR HE AT AR th, X6 T4 RO T 5, A MoK 2 LR 2 I f e 2 5
Chl.a ¥ 1Y SCM 2k B B YIA G, TRIK)Z B FETEE BUZ NASE B R 3REE , IR B RS TR R LR &2
o, BUEE TRV ER T Z NI E £ (E 4) 56, B TR R R R 50 iR (0.04~0.2) B,
I SRABE K PEE R R 0.6, K i tam (PR B S 5 K ) S 100000 lux, AR 45 3% 5 /4 20 ( Lambert-Beer
Law) 1, =1, " (1 N d AREESE 1, R 7K R IZ0E TOCIR b 6 EE R %0 , MG S 3] 10% 15
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2y 4.6 m. [K 1, AR TR IR X 55 56 A0 87 JEUER, AR MOK BE TR IR 2R AEOK R 4.6 m ZE A A VE R BRI
B AR R IRERZE K R SCM & B I ATHE , S 280 55 I35 I M2 SCM & B AL A4 36wt 1N TRLER 2
PE IR B EHLHE SCM X B MY Rt = F AT AEH , JE AL SCM 314
3.3 kEKBEEE N REFHRANTIRER M

FAMIK KA Chla F1 DIP ¥ B2 B 5% C SURBI/> 0 C S E D S 3EAR e (K 3.4) , AR K
FEEAN T Ok A EIRHERC R K DIP S8 g8, 6 a1 B2 K B (R 285 18 km KAYTTEE (B~ C Bt)
B H G, TR S K RERA B e . S A, B SRR AS TN R A MK B R A T 8 SRR S R 4 AT U W A
KRR B RE TR R SR, — A A 40 J7 B B, Zad ) AR EL G IR K HEAOK R , Zeid 18 km K AYES Sk &
(I 0.1 m/s) /) H i, AR PAK B 1K 3RS E

KRR E AR AR B 2 T A Fedh, REUCE IR =R T B WA W ad DR AR AL, RIE R
AL VR RE S B, 5 TR O RS S UMD T R N . 1 200, K B [ 1R WK ZE S R B 340 7 A
T R AR R AR TR A0 A R I SR AR T R P, ELA R B RO B RS, S8 SCM 2
FaKAA 4 DIP FI DIN e B H L5 AR, 356 Thd A 7K P A8 A I AC 191 52 4R B R B, AL A3 43 ST R 2 T e it
TR R [ DS 7K AR, 18 A B IIT A A TR T 2 PR, PR b 7 P T SRRV (14 3o e sk B S . 25

EEXTTF DSl S, HAA AW LK AR S DSI ik BB (30 21% ) (] 4) Hakm 1 (B B
RN R R I ka5 3 8 KR L 2RI B DS RB IR TR )2, 1T L s 2T R A 25V S P R
DSi (Y34, B I 3 RS 1 2 19 DS 389 s AR 0 Rk 1T OB 2 P DS 3 ] R B, W LU 2 DSi
W B R VAL SRS T B AR 7] b, 29 2R [ G 1) DSI 2R 11% ~12% (C 1 D /%) (&l 4) X Fpaf ) - DSi
A IR A T 1 S S 35 DSi DAL 3 7 30 AS W0 20 B4 D DL 5 R, A PR K 28 A 4 ok D 00 5 3 21% 1Y
DSi i B8 2 P9 SRR FE Y DSI i RE B G b2 Al s T b T3 /K P 138 3l 34, 5 B0 VT A DS sl i H
1960 s LI FFE T 2/3, SE0 18 F23h LBl ge i, A s gt fymgds
3.4 KEEEFUKE

FMIKFE 4 -3k d KPR DIN F1 DIP % BESF-B5{E 43 3 4 0.69 ~0.84 mg/L F1 7~36 g/ L, A4 EH Z K i
FRUES A S 1] O DX K A K R BLAE, JR T T 2Rk MR V0 PG 4 SR B R R 2 S B T 2012 4F 8 A —
2013 4E 7 A XK 16 A4S Wil o5 1 I8 2 505 25 B . DIN e J¥ 44557 78 0.65 mg/L /247, DIP ¥ J¥ 445
SEHITE 30 we/L 24T, Horh 4 A 389 DIN #kBEZ) 0.6 mg/L, DIP ¥ EEZY 20 pg/L7 " Ay 2 5 2012— 2013
AP A IR A A5 AR — SR, AR A 1 B SRR ST B A F 30~ 50 Z 1, 356 B A 1 ) T3k 8U8 1
B SRR, 5 2012— 2013 4EREJHAGER—3 A0 A MOK E KPR TN TP e B R R A8 6 50 A
2008 4F Lok 52 BN WUk /N A e e, JH o i PR R T A BRSP4 s
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