5536 B 15 W) S &~ £ Eild Vol.36,No.15
2016 4F 8 A ACTA ECOLOGICA SINICA Aug.,2016

DOI: 10.5846/stxb201501080057
Gy, MRORA, BARERE, TR T SRR B A P W AR ) S R 0 3 1 R S LIRSl 1 A 2, 2016,36(15)

Yi Q T, Chen Q W, Zhao D H, Xu X.Seasonal succession of phytoplankton functional groups and their driving factors in the artificial lakes created by

mining subsidence in Huainan coal mine areas.Acta Ecologica Sinica,2016,36(15) .

IEﬁ"'d:%i:ﬂBﬂlﬁglE ';}j?*E%IjJ 3E$E|’]§ I,
&+

BFA, R, AR & A
1 R T RFHER G385 e, IR 232001

2 HE BB A S IR HL  JEET 100085

3 B RUKFIRHERF T B A S A BRI 0 B 5 210024

5|-I-
?ﬂ
o
RS
<l

FEZE AEUMER 07 XCBEE R SRR AR 0 (PXPY) RSB vl (PXGQ) IR MHEIAT i (PXXQ) 45 3 A5 B 1A i 45, 40 54X 36 3 Al
R XK SCE S 5, T 2013—2014 4543 4 ASZREERFEIF ST 1 3 A0 77 W A8 400 T RE AR 2 A0, 25 15 TR L A S L 5 2R
BAEYH TR, HRER, 3M£ﬁazaﬁﬁ/ﬁ?ifﬁ%ﬁ*ﬂ3/\ 16 ASTHRERE , e FZLALSHTh BEHE R B T /N & 78 7R A1
AR ESRRRIE . PXP) 28 S1. X2 A Y S RZAE AT RERE, 430l LA Oh f I 35 ( Pseudanabaena sp.) \ELJ& # F2 i ( Chroomonas
caudata Geitler) FIFNIE B35 ( Cryptomonas ovata Ehr.) JpAAERFE  BEJG 3 A1 C 4 1 R INBERE, LLEIE /N R B ( Cyclotella
catenata) FARFYIF . PXCQ HE Ak 3 AFATh 3 LIOh IR BN ARZRMY ST DRERE 5 4% P 3, 4 F2 i) C( LARETE /NIR 3
fR3%) F1 D LASREHFF N ARER) o EMTHRERFECEY . PXXQ FZ X2 MY S FEARIATIBERE, 43 51 L)L 2 5 B 3 B B hy
R, LRGPt s AR A ST THEERE SO A7, 4 Z2 i) C(RETE /NI 3R) Al E (R HE T M 1R 3R) ThRERE
S ERREE A AR o KRN IR 2R A2 K 2l T e SRR 353 BT DA A T R 2 1 R 1 DG B PR IR, T SR AR AR
P2 T3 WA R4l 2 T A R R,

SRR IR BAWIN ; TR D RERE ; B PR T

Seasonal succession of phytoplankton functional groups and their driving factors

in the artificial lakes created by mining subsidence in Huainan coal mine areas
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Abstract: Underground coal mining in the Huainan coal mine areas, Anhui, China, has created numerous small artificial
lakes, which provide excessive water storage space as well as ecological benefits. Characterization of these freshwater
ecosystems might have important implications on ecological rehabilitation and recovery in the mining areas. Phytoplankton
community structure can provide important eco-environmental information in different habitats besides playing fundamental
roles in trophic structures of the lake ecosystem. This study aimed to classify the phytoplankton community on the basis of
functional groups (FGs), which has been reported to be more useful than the traditional taxonomic grouping methods for

elucidating the ecological functions of phytoplankton. Three small lakes at the PXPJ, PXGQ, and PXXQ sites in Huainan
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Panxie coal mine areas were selected as representative research sites considering their ecological conditions, and the
phytoplankton community structure and water quality at these sites were assessed from 2013 to 2014. Next, the seasonal
succession of phytoplankton FGs related to the biotic and abiotic factors in the three lakes was analyzed. The three lakes
have different nutrient contents and levels. The lake at PXP]J is permanently connected with a local river that drains into the
lake ; thus, it has high nutrient concentration, with an annual average concentration of 0.10 mg/L of total phosphorus ( TP)
and 1.69 mg/L of total nitrogen (TN). The lake at the PXXQ site has the highest TN concentration of 2.81 mg/L due to
seasonal drainage from a local polluted river. The lake at the PXGQ site has the lowest TN concentration of 0.91 mg/L,
because it is not connected to any rivers. Moderate amount of phosphorus was detected at the PXGQ and PXXQ sites, with
mean values of 0.075 mg/L and 0.045 mg/L., respectively. However, the trophic state index for the three lakes was meso-
eutrophic and did not vary considerably across the three lakes. In all, 16 FGs were identified, 11 of which were predominant
groups, representing features of typically eutrophic habitats in small lakes. At the PXP]J site, FGs of S1, X2, and Y sites
were predominant in spring, with Pseudanabaena sp., Chroomonas caudata Geitler, and Cryptomonas ovata Ehr. as
representative species, respectively, whereas C ( Cyclotella catenata as a representative) was the first predominant group in
summer, autumn, and winter. At the PXGQ site, S1 with Pseudanabaena sp. as a representative was predominant in
spring, summer, and autumn, which was then replaced by FGs of C ( Cyclotella catenata as a representative) and D
(Synedra acus Kiitzing as a representative ). At the PXXQ site, FGs of X2 and Y were the predominant groups in spring,
which were succeeded by Sl group in summer and autumn, and then replaced by C ( Cyclotella catenata as a
representative) and E ( Dinobryon bavaricum Imhof as a representative) in winter. Light and temperature were identified as
the key environmental factors driving seasonal succession of phytoplankton FGs at the three lakes by using canonical
correlation analysis. Nutrient and grazing pressure on phytoplankton could be the main causes for the differences in the

community structure among the three sites.

Key Words: artificial lakes by mining subsidence; phytoplankton; functional groups; seasonal succession;

environmental factors
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Fig.1 Distribution of local rivers, subsidence areas and research sites in the Huainan Panxie coal mine areas
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Fig.2 Seasonal distribution for concentrations of total phosphorus ( TP) , total nitrogen (TN) and chlorophyll a, and phytoplankton cell
density in the three studied artificial lakes at Site PXPJ, PXGQ and PXXQ
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Table 3 Functional groups of phytoplankton and their representative habitats in the three studied artificial lakes at Site PXPJ, PXGQ

and PXXQ
H Condon  fUFEZEHE Typical representatives in this research H: 3% Habitats/ i 3% £ Tolerance/ SR Sensitivity“l'm

C HEI/NERBE Cyclotella catenata (Brun) Bach. RAVE B IR0 T /N BLEIA/ 55 OG, Bk B = K RE

e /NFR i Cyclotella meneghiniana Kiitzing R

REFFTHE Syned cus Kiitzi N, e N N -
D E‘;ﬂtgﬁ:&?& fra ccus Rivne ST A R O K /R A7 9

; :nberg
B . SEE /N 7 K 1 ok 1 St 8 {1 7 3 £
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p o RLABER Melosira granulate (Ehr.) Ralfs MK TR B35 X (R 52 T (5

BURL B4 BEAN B AS R Melosira granulate var. angustissima O.Miiller
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MR 1 PXPJ.PXGQ 1 PXXQ3 M#liAK K Z BN M BEMERRABESH
Appendix Table 1 The dominant species of phytoplankton in the three studied small artificial lakes at Site PXPJ, PXGQ and PXXQ
4V Season  IRIIEAEN Site PXPJ TRIET S Site PXGQ R Site PXXQ

=3 Spr. HEE /NFR Cyclotella catenata (Brun) Bach.

AR Chroomonas caudata Geitler (0.151)
theafi#E Pseudanabaena sp. (0.137)

YIIE R Cryptomonas ovata Ehr. (0.132)
FPREFFFEE Synedra ulna Ehrenberg (0.067)
PRETFFEE Synedra acus Kiitzing (0.063)

WUk EEE M Melosira granulate (Fhr.) Ralfs
(0.062)

/NERBEIR Chlorella Beijierinck (0.060)
Wi Cryptomonas erosa Ehr. (0.040)

hEEBE Pseudanabaena sp.(0.307)

PUFE M 3 Scenedesmus quadricauda ( Turp.)
Brébisson (0.150)

W2 5E 5 ¥ # Schroederia spiralis ( Printz.)
Korschikoff (0.093)

HE/NRE Cyclotella catenata (Brun) Bach.
(0.079)

HREWERE Chroomonas caudata Geitler (0.
707)

0.037 . LB C s ovata Ehr. (0.234
éﬁ%&g Kirchneriella. lunaris ( Kirchn.) Mochi YIERE Cryptomonas ovata Fhr. (0.067) YW REE Cryptomonas ovata Ehr. ( )
(n(]) 036) frefmentetia tunars e oenius AKHEJE Chlamydomonas Ehrenberg (0.051)

/NER#EJE Chlorella Beijierinck (0.036)
PUE IR Tetrastrum Chod. (0.033)
PIREMHE Euglena oxyuropsis (0.022)

L1 YEWE Ankistrodesmus Corda (0.033)

KHJE Chlamydomonas Ehrenberg (0.028)

PUFE M B Scenedesmus quadricauda ( Turp.)
Brébisson (0.024)

INELH 3 Selenastrum minutum ( Nig.) Collinus
(0.023)
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(0.126)
HAGEFENE Microcystis aeruginosa Kiitzing
(0.086)
WS Cryptomonas erosa Ehr. (0.054)
YIIE R Cryptomonas ovata Ehr. (0.038)

JNEYH F ¥ Selenastrum minutum ( Nig.) Collinus
(0.040)

WS Cryptomonas erosa Ehr. (0.040)

PURI TS Chodatella quadriseta Lemm (0.037)
BKHEBE Sphaerocystis schroeteri Chod (0.031)
W Dictyosphaerium ehrenbergianum Nig
(0.029)

KHEILHESESE Dinobryon bavaricum Tmhof
(0.023)

12 s ¥ M 36 &
ZE0T Season  IRHRLE Site PXP) TR Site PXGQ WEUHAMFS Site PXXQ
HE/NREE Cyclotella catenata (Brun) Bach. thia i Pseudanabaena sp. (0.379)
(0.193) AT Synedra acus Kiitzing (0.055)
YIIER#E Cryptomonas ovata Ehr. (0.128) LIS Microcystis aeruginosa Kiitzing thea i Pseudanabaena sp. (0.574)
AR Chlamydomonas Ehrenberg (0.090) (0.055) G IE [t Cryptomonas ovata Ehr. (0.067)
HEWREE Chroomonas caudata Geitler (0.088) FEIB /N Cyclotella catenata (Brun) Bach. Ny Synedra acus Kiitzing(0.033)
B Sum H e Microcystis aeruginosa Kiitzing (0.051) I Cryptomonas erosa Ehr. (0.025)
(0.076) [E A ANEH: Anabaena azotica Ley. (0.047) K8 Chlamydomonas Ehrenberg (0.022)
EERIHEE Chroococcus (Nig.) Elenkin (0.050) BRIEBREE Cryptomonas ovata Ehr. (0.036) /NEKBEIE Chlorella Beijierinck (0.022)
/NERTEJR Chlorella Beijierinck (0.045) JE )8 Phormidium Kiitzing (0.027) W 2438 Aphanizomenon Morren (0.022)
W FEEE Cryptomonas erosa Ehr. (0.025) UKL B AR B AE Bl Melosira granulate var.
RETFFEE Synedra acus Kiitzing (0.023) angustissima O.Miiller (0.025)
HEIL/NRSE Cyclotella catenata (Brun) Bach.
(0.195) theafEiE Pseudanabaena sp. (0.239)
KB Chlamydomonas Fhrenberg (0.158) YL REE Cryptomonas ovata Fhr. (0.109)
YIRS Cryptomonas ovata Fhr. (0.142) IEHT#E Synedra acus Kiitzing (0.092) theafE#E Pseudanabaena sp. (0.440)
HREWERSE Chroomonas caudata Geitler (0.068)  HIZ P Microcystis aeruginosa Kiitzing O EREEJE Chroococcus (Nig.) Elenkin
HALEFERE Microcystis aeruginosa Kiitzing (0.054) (0.032)
B Aut (0.068) HEEWEIE Chroomonas caudata Geitler (0.053) PR Synedra acus Kiitzing (0.026)
: T ot o Cryptomonas erosa Ehr. (0.048) HEIE /R Cyclotella catenata (Brun) Bach. EETE /N 3 i Cyclotella catenata ( Brun )
REFTEE Synedra acus Kiitzing (0.037) (0.039) Bach. (0.021)
BRIL LT 4E 3 Ankistrodesmus falcatus ( Cord.) Ralfs RTURZ Y Peridinium cunningtonnii Lemm [ A AR5 Anabaena azotica Ley. (0.021)
(0.024) (0.029) YITE R Cryptomonas ovata Ehr. (0.021)
INER¥EE Chlorella Beijierinck (0.022) T e g Cryptomonas erosa Ehr. (0.023)
EERIHEE Chroococcus (Nig.) Elenkin (0.021) JNEREJE Chlorella Beijierinck (0.022)
theafEEE Pseudanabaena sp. (0.020)
B /N Cyclotella catenata (Brun) Bach.
(0.160) B R
PREHT#E Synedra acus Kiitzing (0.140) B ANA B Cyclotelia. catenata ( Brun)
INEREJR Chlorella Beijierinck (0.129) B%Ch'(OQ?S) . .
- o AKHEJE Chlamydomonas Ehrenberg (0.080) IBJE /MR Cycltela meneghiniana Kitzing
HEI/NRSE Cyclotella catenata (Brun) Bach. HSE IS Microeystis aeruginosa Kiitzin (0.119)
(0.221) (0.07) Y 8 & /NBRBER Chlorella Beijierinck (0.090)
AR Chroomonas caudata Geitler (0.169) ﬁ)ﬁd‘%@% Crelotell hiniana Ktz PRETFFEE Synedra acus Kiitzing (0.088)
JNERBEIR Chlorella Beijierinck (0.140) (0.051) yetotetia meneglumana RENg KAHETEHE % B Dinobryon bavaricum Tmhof
£ Win. TR A58 Melosira granulate (Ehr.) Ralfs E‘%ﬁﬁ Kt Chroomonas caudata Geitler (0.046) (0.084)

WSk B Microcystis aeruginosa Kiitzing
(0.066)

thea R Pseudanabaena sp. (0.061)

UL B SEAR BRAE R Melosira granulate var.
angustissima 0.Miiller (0.054)

HEWEE Chroomonas caudata Geitler (0.
040)

K8 Chlamydomonas Ehrenberg (0.022)
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