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Nutrient kinetics of dominant species of phytoplankton in the artificial lakes formed from
land subsidence by mining activities in the Huainan coalmine subsidence areas
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Abstract; Three lakes in the Huainan Panxie coalmine areas, with different nutrient ratio, were investigated for their phytoplank-
ton communities in four seasons from 2014 to 2015. Three dominant species ( genera) of phytoplankton, including Chroomonas
caudata, Cyclotella catenata and Pseudanabaena sp., were selected to obtain their nutrient kinetics by a number of incubation ex-
periments with limitation for individual nitrogen (N) and phosphorus (P). Under N limitation conditions, the maximum specific
growth and half-saturated constant for the three species of Chroomonas caudate, Cyclotella catenata and Pseudanabaena sp. were
0.66 d”! and 1.66 mg/L, 0.37 d™! and 1.06 mg/L, 0.71 d™! and 2.26 mg/L, respectively; with respect of P limitation conditions,
they were 0.51 d™! and 0.023 mg/L, 0.31 d™" and 0.035 mg/L, 0.90 d™" and 0.015 mg/L, respectively. Especially, the Pseudan-
abaena sp. takes dominant role due to its nutrient competition ability under P limitation in this type of lakes, where N is sufficient
for its growth. This research has important implication on local nutrient management of water resources in the coal mine areas.
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Fig.1 Distribution of the subsidence areas and location of three studied lakes in the Panxie coalmine area
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Tab.1 Added nitrogen and phosphorus concentrations for phytoplankton nutrient kinetics experiment

R e AINHE/ (mg/L)
H W b P 0 0.01 0.02 0.04 0.08 0.16 0.32 0.64
N 0 0.20 0.40 0.80 1.60 3.20 6.40 12.8
BEIG/NIF P 0 0.01 0.02 0.04 0.08 0.16 0.32 0.64
N 0 0.20 0.40 0.80 1.60 3.20 6.40 12.8
Dhta g P 0 0.01 0.02 0.04 0.08 0.16 0.32 0.64
N 0 0.20 0.40 0.80 1.60 3.20 6.40 12.8
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2.1 SRR BHFE
PERE I, PXPJ 3 5K 44 TP TN F1 Chl.a ¥ B 25 {65 B 43 311K 0.05~0.10 mg/L 1.4~4.1 mg/L 1 6.5~
43.0 mg/m’ ; PXGQ 3 3% 3 A5 AR AL Bl 43 514 0.14~0.63 mg/L . 1.4~4.7 mg/L 1 3.2~63.7 mg/m’;
PXXQ 35 250045 514 0.03~0.08 mg/L.1.2~4.5 mg/L I 10.5~40.8 mg/m’ (3 2). BEKE,3 MHaKE
N.P 1 Chl.a ¥ BEIHE , RBLT & B S0 09 MR RRAE.
2 2 I8 10 1R) U R I R RETTRE DX 3 A SR B I £ K BT e

Tab.2 Seasonal water quality of the three lakes in the Huainan Panxie coalmine area

PXPJ PXGQ PXXQ
K kb

FE HE ME X FE HE ME £ZF FE HE ME £=F
Tem/C 185 293 186 4.6 215 337 175 53 200 303 179 33
EC/(pS/cm) 757 580 585 524 427 620 506 429 977 723 617 540
SD/m 12 07 10 - 07 06 06 - L1 07 09 13
pH 938 823 746 7.64 921 884 836 7.67 920 836 757 7.66
DO/ (mg/L) 808 11.10 533 11.50 7.88 14.83 690 11.1 7.68 1536 5.86 10.83
TSS/(mg/L) 57 7.0 43 80 103 127 37 90 33 127 68 3.0
COD,/(mg/L) 21,7 197 222 247 369 266 298 247 205 167 230 217
Alk/(mg/L) 248 134 189 189 151 111 130 143 266 142 194 217
TP/ (mg/L) 0.08 0.10 007 005 026 063 052 014 006 008 006 0.03
TN/ (mg/L) 4.1 1.6 14 23 47 14 21 20 45 12 12 15

NO3-N/(mg/L) 1.04 0.35 0.49 1.42 0.64 0.17 0.80 1.34 1.75 0.09 0.19 0.93
PO} -P/(mg/L) 0.006 0 0.031 0.001 0.117 0.481 0.428 0.090 0.007 0 0.010 0
Chl.a/(mg/m*) 21.8 43.0 7.3 6.5 63.7 30.9 30.8 3.2 10.5 40.8 16.6 11.2

2.2 WRF I E Y B R B AAHHE

P IE], 3 IR RN TR U T 1] 51 Jm 88 b, Hrhag e 1 ik 22, 3t 43 B, LRI A
TR 48.8% 5 HUCR I #E, 3L 21 Fft, o PR IPARL ) R AR 23.9% 5 feale 17 b, o SRR ERY 19.3% 5 F % 4 Fift,
BRI 4.5% SRR 2 b, b RN 2.3% (181 2).

PXPJ 3 siff =050 1 L3Rl (s ) J9ZREHAT B, L3 0.199, 55 2 A4 (&) o Ph i i (DL
0.180) ; & KA =L 1 Ll (Jg ) 4350 A HL R A R B /IR BE R 5 i, fIo 358 43531 0.215,0.224
#10.372. PXGQ uli i Ff A Z40 1 IE3FI (Jm) Sy H R R, L8 70 5 0.559 1 0.2505 5 BKF4 1 4L
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o 0.2445 5 FKF D IR EE DEFAEE 2300 0.510 F10.473 5 4 R B RIEEHE, L3 0.375(3% 3).
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Tab.3 Dominant species of phytoplankton in the three lakes at sites PXPJ, PXGQ and PXXQ

Z47 PXPJ PXGQ PXXQ

HFZ REFFE Synedra acus(0.199) HEERYE Chroomonas caudata(0.559)  ELBWE M Chroomonas caudata(0.244)
D8 Pseudanabaena(0.180) YRIE B2k Cryptomonas ovata(0.105) BEIE/INREE Cyclotella catenata(0.175)
HIEWFE#: Chroomonas caudata(0.164) K #:J& Chlamydomonas(0.081) JREFFFEE Synedra acus(0.101)
YUK 3 Cryptomonas ovata Ehr.(0.121)  BIE/NREE Cyclotella catenata(0.073) thea e s Pseudanabaena(0.077)
K JE Chlamydomonas(0.064) {hea R 8 Pseudanabaena(0.038) /NEREER Chlorella(0.070)
5T 38 Achnanthes(0.053) JNEREEJE Chlorella(0.027) WEHELT 4k Ankistrodesmus spiralis(0.057)
WRELT 23 Ankistrodesmus spiralis(0.051) YIIE B Cryptomonas ovata(0.047)
BEI/NR#E Cyclotella catenata(0.040) Y M Scenedesmus quadricauda(0.043)
JNERIEEE Chlorella(0.032) MFJE/NR 3 Cyclotella meneghiniana(0.020)

JNELF F3 Selenastrum minutum/(0.020)

B2 HEWFEE Chroomonas caudata(0.215) (38 Pseudanabaena(0.412) Tt R 8 Pseudanabaena(0.510)
R 8 Pseudanabaena(0.183) TN L B Raphidiopsis curvata(0.123) /NI Raphidiopsis curvata(0.081)
BEI/NR#E Cyclotella catenata(0.166) @ IREE Chroococcus(0.106) H W Chroomonas caudata(0.069)
B Cryptomonas ovata(0.089) HEIE /N Cyclotella catenata(0.081) TR 24 W& Aphanizomenon(0.057)
WREREJE Spirulina (0.079) W2EEE & Spirulina (0.041) BEI/NR#E Cyclotella catenata(0.039)
JNERIEEJE Chlorella(0.058) /N2 Merismopedia minima(0.028) AKX #iJ& Chlamydomonas(0.032)
REFFT#: Synedra acus(0.023) RETFT 3 Synedra acus(0.025) YT Cryptomonas ovata(0.031)
{24 % Ty Romeria simplet(0.021) JNEREEE Chlorella(0.024) RETFT#: Synedra acus(0.027)

HEE R Chroomonas caudata(0.021)  /NEK#EJE Chlorella(0.020)
YIIE B2k Cryptomonas ovata(0.021)

2 N Cyclotella(0.224) {hea R E Pseudanabaena(0.528) D8 Pseudanabaena(0.473)
YK s Cryptomonas ovata(0.192) INIREEJE Cyclotella(0.100) BEIE/INAEE Cyclotella catenata(0.089)
AR S HEE B Melosira varians(0.087) T2HESE 8 Spirulina (0.080) UKL ELAEWE Melosira granulate( 0.048)
HE W B Chroomonas caudata(0.050)  GRJEREHEE Cryptomonas ovata(0.040) TR 24 )& Aphanizomenon(0.041)
R E Pseudanabaena(0.050) KB EZU 3 Merismopedia punciata(0.027)  YIIEEREE Cryptomonas ovata(0.034)
K JE Chlamydomonas(0.037) RETFF#: Synedra acus(0.034)

JRPIRAETFT 3 Synedra ulna(0.037) TR 223 )& Planktothricoides (0.034)
WO Scenedesmus bijuga(0.031) W iE SR Spirulina (0.034)

VY M Scenedesmus quadricauda(0.031) B+ 58 Crucigenia rectangularis(0.027)
/NP Tetraedron minimum (0.031) B H #JE Closterium(0.021)

JNEREER Chlorella(0.031) R ¥R Gymnodimium (0.021)

It % Cryptomonas erosa(0.031)
%2 BRIEFE Chroomonas caudata(0.372)  BEEFEE Chroomonas caudata(0.250)  BIJEEEHEE Cryptomonas ovata(0.375)

INR R Cyclotella(0.128) INR R Cyclotella(0.150) HIE % Chroomonas caudata(0.291)
T3 Micractinium sp.(0.128) YIIE Bk Cryptomonas ovata (0. 125) LR 223 )8 Planktothricoides(0.167)
BB H 3 Gymnodimium mitratum (0.128) /NEKSEJ& Chlorella (0.100) INRER Cyclotella(0.125)
WORL 1 5% 3 Melosira granulate( 0.047) F5 7158 Westella botryoides(0.100) WRELT 23 Ankistrodesmus spiralis(0.042)
JNEK BB Chlorella(0.047) EHFF i Synedra(0.075)
RETFF#E Synedra acus(0.023) FHE R Navicula(0.075)
Biis )8 Cymbella(0.023) VUM Scenedesmus quadricauda(0.050)

* $55 HLEHR R O3

2.3 FHEMEBFHHERINZF

230 Nifmeh i £ K gh % HEBEREEFIRANN 12 d 16 N B EE 0.2 mg/L i, TFUG X AR KA
PEHEAEHT, 7E N BSINAREEH 3.2 mg/ L LB KB B R A BRI /NPRBERE 37 010 10 d, N SSImk E7E 1.6
mg/L i HAREIS 6 d (ERFEE 18 N BRI 3.2 me/L DL Bk SR A W Dh £ B2 B 15 97 o 301
8 d, HAE K A LU HAB M A8 20, 7200 3 d A T3 B0, N ¥R BETE 0.8 mg/ L ISHIT U A KA e b1 T, B
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Fig.2 Seasonal distributions of phytoplankton taxa in the three lakes
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Fig.3 Growth of Chroomonas caudate, Cyclotella catenata and Pseudanabaena sp. with different N concentrations

3 PP LA KRR N B SRS IR AW B, 1/ ¢ 5 1/ G 1819 5 e MR HC A 5 B9 g, F1D K
TP 4 iR, Her Oh o R HR B B, B, 1000 071 F10.66 d' T HETE /AINER AR /N, O 0.37 d
Pl Ks R, 0 2.26 mg/L, §EIL/INREE Ks fe/)h, 2 1.06 mg/L.

4.0

16r )= 51x+1.51 R2=0.976 . 20ry=287x42.70 R2=0.951 1=3.20x+1.42 R=0.998

b _ymaX:0.66 d! Ks=1.66 mg/ 5 _:umax:O'37 d'  Ks=1.06 mg/L 30| =071 d' Ks=2.26 mg/L
z z kS
= 8t 10 =24

4t sk 1.6k

R Fe = BER /N Pyt [P
0 1 1 1 1 1 1 O 1 1 1 1 1 0.8 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5 0 0.2 04 0.6
1/¢/(L/mg) 1/¢/(L/mg) 1/¢/(L/mg)

P 4 3 T e AR KR N YR B AL (01 (g T Oh fr U2 36 7E N VR EE /5 T 0.8 mg/L I A JT 4R XS
N G INAT B0 (e B, 57 N VRN 1.6 mg/L Db I 55 P AR KR PEF T4k ] 09)
Fig.4 The linear regression between specific growth rate and N concentration forthe three studied species
(The growth of Pseudanabaena sp. started to response to N addition above 0.8 mg/L. N
and the linear regression was conducted with N concentrations above 1.6 mg/L)

232 P R E AR A 3R P A RGN BV LR B P YRR
HR AT SIS 95 3o LR TR A 12 IS ELROCHARIE s BETEE /NI AR 10 0 TR BB Dy e
BOAES 8 4 ISELRCHHIE (14 5).
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Fig.5 Growth of Chroomonas caudaia, Cyclotella catenata and Pseudanabaena sp. with different P concentrations

Ve 55 1/ St 0] 19 75 78 K AR 3R ELAA E Y o B Ks TR 6 B/, FEAR D F0 IR 38 1) a0 FRES, 9 0.90 7,
TG/ NERsAE /N, R 0.31 d AU FIRSERY Ks B2/, H 0.015 me/L, G5/ NF#ERY Ks Bk, 39 0.035 mg/L.

8 - ¥=0.050x+2.000 R*<0.986 20~ ¥=0.114x+3.264 R?=0.995 2.0p y=0.017x+1.108 R*=0.986
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s
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Fig.6 The linear regression between specific growth rate and P concentration for the three studied species
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