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Abstract: Based on sedimentary proxies (i.e., *°Pb and "'Cs dating, heavy metal nutrient and elements, particle size and diatom
dominant species) from sediment core in the northern part of Baiyangdian Lake and documentary date (i.e., hydrology, climate,
economic and society statistic from Baoding city and Anxin county), this study reconstructed the eco-environment changes of

Baiyangdian Lake during the past 70 years and discussed the main driving factors affecting the succession of dominant diatom
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species. The results showed heavy metals and nutrients were of lower levels, and the diatom was dominated by Aulacoseira
granulate before 1960, which indicated that the lake ecology was in the stage of natural evolution. Around 1960, influenced by
hydrological control upstream, TP and TN content in Baiyangdian Lake started to increase slowly, and the indicator species of
eutrophication, Cyclotella meneghiniana, increased significantly.Between 1960 and 1990, TP and TN content rose significantly,
indicating more nutrient input in the rapid process of agriculturalization, however, the content of heavy metals still remained at a
lower level. The diatom assemblages were characterized by the codominance of A. granulateand C. meneghiniana. After 1990,
accelerated industrial and agricultural activitiesenriched heavy metals and nutrients, especially after 2000, such enrichment became
even more significant. At which point diatom assemblages went through material changes: the dominant species shifted from A.
granulate before 1990 to C. meneghiniana after 1990; the heavy metal-tolerant species Nitzschia palea hasbeen on the rise since
2000. According to the redundancy analysis, heavy metals, TP, TN, temperature, wind speed, hydrological conditions were
significant factors influencing the succession of three diatom dominant speciesover the past 70 years in Baiyangdian. Heavy metals

and nutrients were most important factors on diatom succession. Meanwhile, hydrological conditions, temperature and wind speed

also imposed on diatom succession.
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Fig.1 Drainage area of Lake Baiyangdian (a), location of the core site (b) and variation of monthly temperature and precipitation (c)
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Fig. 2 Climate data of Baoding City (a), main economic indicators of Baoding city and Anxin County (b), hydrology data of Bai-

yangdian Lake (c) and areas change of wetlands and non-wetlands (d) since 1950 AD
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R BN, HeEPCAY —f1E /0 TP TN 4
AR AR 2 XU I TE K 3 i e e
HEHT 2 3.6%.3.4%.3.1%.2.0%.1.8%.1.1%
F1.0%. WK IE 7040 K 5 4 i & i FlE 32 KF 1Y
T ek A A R ) B IR R &R R JE K
R RGHRK A AR A 2 3 P B E Rl AR A
FEGEH . TUR T 45 KRR R AE 1990 4F 11 Ji5 #iE
BALA R T R A AR, 1990 4F 22 HE AR A A3
O T 55 — Sl A 75 1), 3 B A B K R XU R K
S I B 52 5 1990 4F 2 J5 B FE b s Y947 15— b
B IE 7 ), a2 T A R RS FR K T i DL RO IR
AN

iz FH WS AE AR A KRS VT A 35 X 1V JE A0 h
4 JE TR AE AR A8 KUK B0 AT PRA . Qi8] 6 B,

FEVURYI T Zn . Cu F1 Pb It 2 1 78 78 A2 25 KUK 2 5L
BUNF 10,8 FREMEMAESAEE . CAdILRWikEL
A KU & FAE 2000 4F LAHT L 2000~2010 4F 1] 1] Fi1
20104 2 J5 , 3{E 43 3 R 47.84 .119.75 F1 152.09, 43
SEAT A R N TR B T A AR SRR L SR AT
TE A 75 UK 48 B (R 78 2000 4F DL AT 8 T 1% 25 XU
B, 2000 4F 22 Ji5 Sk 5 EE RV B

41 ET0VFEBFEESEMEFREUTERES

N E R I R
HFEREIHR ST ESBITEMEFRTREY

1 7E 1960 48 Z |if A % &K, A 1960 4 247 TP il
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46 %

TN & ' RS K, % EE 60 R0 A 2806 3)
Xof 191 BB 5 ma AR G /N, PR TP ORI TN 75 82 1) 2%
1% TR RE S i KR K B8 AT G . 1960 4F i
FI P B8 b U 4% K ALK 948 42 4R Uk 2 T 9T G
o (B 20) , f Vb it 522 B 4 (2= 4k 0 4
2002) , UL D E 0 S RIS , R D RORS = i
BT (R 4) , — 07 40 BUR ) R AL R R
JOT ) W R 2 A, DT ol 5 3R o SR AR, D — T T K
J2E: 1) 4 7 00 U XK (AR U B MR AR 22 L 1T A e
T B, R B AR IR T TR K A b BRI ) E K
1980~1990 4E 3] &) , TP F1 TN & & B & 7 i , (H 4%
4 @O0 O A AR R AR A K OF i e TP A
TN & f2 1 T+ 55 5 228 B Ak I it FH o 2R T A X
N (P 2b) B2 e b 3 o ol A 3 i v 38 % 0 0 i A 3
I AR R T Tl A Ab T AR B K F- |, 2 B H
P A S S (E 5 Y N N = B = R TR
TR b T 4w T

19904 LIk, £ E B R @K, TP
TN & it 2080 5, I 7E 2000 4F LU , 5 4 J@ i
BIRICR SRR T 5000 s E, e s
FRACRR M E & EI5 0 H 25 0T . 1990 4F LR &
MELR ERTESESDTEE R FIEML,
M7 50 00 FURG 5 d AR Ak 3 or i (B 4) L 3x B G
1 = /7 N S R T BT AU = Tl o & 11
(Munendra et al., 2003) , B H FZ Rk IH T A A5
YA AR R, AV RIZE SR A
W15 g ) 5 T B AT AR LTS G U, DR T AR TE TS
IR T I K BRE AT R 4 J 1A R A Mk AR TT RE R UE
P 4B RS R e R EEOR IR (TR 4F, 20105
BT, 2011) . MR s 17 A2 B B i ot e 3 B8
KA (K 2b), 1990 4F LS AR a2 Tl 7™ {8 LA S 2287 B
A0 N it FH S P S TR, B e 32 B A T ARl e
K B 4 8 FVE AR OC R B 4R 5 2000 4F LIE A Bl
T AR IS sh 203N, 5 48 5 Y N E O SRR
BE S — 5 R .t Ah , 1990 4F LUK B T 1 7 T 0 M
T e s T T A NS TR T
i, J6H 20 tE 42 90 A ARK 1 B T 2 b R T R B
E A AR NG B, K B B, O HH i AR
AR CE 2d) (4055, 2019) , H S 808190 A
F VT RE 7 U ES R U T Y ) TN 4 T X
i B4 TR A K 2 AT L DT AR R SR G R R 4
& o] e A

EAESE RS, TN AL TP 3 2007~2010 4EJF

Uy B B AR, Cu F1 CdIE R H 2013~20154F I 46 12
it X TR S B A SR B RN A K.
2000 4F ROk, ¥ U Tt 10 2 A o 7 g LA K
KA f A, e 51 & T BOM AL 21 712 56
TE A K A TE /K 15 B B0 W35 38 v E
U R A T T K R A Ml HE R LA B 5 K A 3 AR ) R
Fo ) — 038 ) B8 BT W RN 3K AR L 2019) . M PR E
T Colk B T LUA (I 2b) , Tl 77 B 7E 2013 4F
K B T W J5 T 40 T B L 3% 5 Cu F Cd T i 28 W e I
B B ) A — 2, R W] Cu fl Cd & 4 @ % i T %
A RE 5 PR EGIA BT OC . e Ah, 2004 455 A TE T IR
K i It B Ky 2CRR 25 08 Hh, G0 2004 4F 52 i Y
“HHE B TR 2006 4F Fl 2008 4F 52t #4951 8 B
VE” AR K SE A R 7EAR KR B T
UE B K AR 75 B JR i (4 A, 2010). FATETRE
DU E R SR TR BA B — s e b
it H 5 0% 7 M2 B 2 T R R B BoA W) A, B
B K 0 RE A% B0 0 b S e 1 OE 0B B 5 O AL
FRE .
42 BEEIEZEMERENEIETF

FIVEVE DUARVES L b kB 2 LRI 2 A o &2,
Aulacoseira granulata. Cyclotella meneghiniana
Nirzschia palea J2& 3 A~ £ L # g # . Hf | C
meneghiniana & HL A (4T 55 F2 00, 7712 40 A T 5
AN 1) by DX AR SR IA L R B SRR R
J& Fp (Gell et al., 2005). A. granulata & — 1 4
T TEE FRBE B b R A e b — s B SR KR
(Yang et al., 2008) , H F A. granulata T i 57¢ K 5
JE L FE KA b By T TR DRI AR I TR R 3l i K
&1 (Chen et al., 2013a). A. granulata 3§12 i K
G E B K AR B e i REURE I HLAE KRR 3 2 %
KTEH T, LA B R B (Nogueira, 20005
Stager et al., 2009). N. palea J&: HL. 71 (1) 5 3% F 8 4>
Ja& it 32 F, 76 5 4 R B AR K AR R Rl S BERE
(Chen et al., 2013b). M\ ¥ 3 % JZ UUBU: B 53 A
Al PAFE H, C. meneghiniana DA Fh H BLAE & 8
FRKIK, A. granulata DAL B Fh 2 1 BUAE K AR 3h
R B K 3, N. palea 5 H BLAE 75 YL ™ 5 1Y
AR T8 K SRR 9 7K B2 5 45, 2010).

TURTHT A R R, 5 4 J@ T R PCA S — 4l i
Y AVE FRIERR (TP VTN 2 W35 7, =& S AF
I T Tk R A A AR AR Y 10,196, J2: 52 el ek 8 4 A5 9
B fc 2 (F 5b). 1960 & 1990 4F TP Al TN
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MK FE 80 B IR OK B T e E S
FEAE R P C. meneghiniana % W] & 38 0, {H 2 B 39
BESEAR BT UL A, granulata 2 F B 7R H 57 A
O &I XTRE B A A 7 A 5w (H R 2 DUl & A4
Ay 19904E LIk E @It R MEFRIUR & EU T
TR B WK R b 4 JE RN SR AR T U R, X B Rk
A KA T ERE 19904 Z /i1 A. granu-
lata I B Fh &6 25 K C. meneghiniana , 3 W1 1A 4 F
B FRRE . 2000 4E VUG, B E Tl () P K
JE IR E & JE T RIS R R,
4 15 YL in R S50 E 4 JE i 32 Fh N palea FF IR R 22
.

N TE K S AR 2 IR K S 2 5 T e o YRR 1Y)
2 (K 5b) , JUH X AL granulara 77 4T 5 3%
SN . 1960 4F LAY H T B3 R e RS U RO, iz
HPEVE F 4 RIUK R IR WA IEH 1817, HVETEA
TEARR R KR sh i ik 4L A AL granula-
ta XS PEH . 1960 4F Z 05, i T b i KO B9 2
RN R N WS T 8 1 R T 52
¥ b B it T e B PR 0N S R A ek
REIRFI . AL granulata [ 1960 F 1980 4 )5 #
BN AR BT A R R AT g
JE R TAERAAE R T WK s 5o . i &4
AL AR Y KGR FE 1950~1984 4E 8, H AL granu-
lata 5 KR B A B 3 0 AH % (R°=0.494, p<<
0.001) (Il 7) , e e 136 B 1985 4F LA it WUAE 3t 51 A 119
KR B 2 A, granulata & & 58 ) — > FH
. 1985~2000 4, F ¥ 5E A JE K i 8B/ HAR 2 K
BN I T ORI sh 8/, AL granulata % &
PR B AIG . TR U P i E 1980~ 1990 4F M [l v F It
TR 90 1) S5 AR AL, 71T B A= / IV VG o 5 2 A0 5, 3 T i
5z 0 B0 2= 45 K AL T R DL KR H oK A A P
i FE B R A G . 2000 4F DA, XU TEE 52 328 T 1S i i)
IS I 1 S e oA | A 1 P R
it ORI A U TR A K AR B A #E AL granulata
KB PR G

WA, A 2 2 5 ) R R Y Sy — R
i, 1950 4F D)ok i B0Hg R e e 1 CCRL B D
1985 4F LIk 3 iR e A W 3% . A AFIE R, Al
B A R O BRI IR A DA SOK IR IR A RS S
oK [B] 2 5% ) £ i A K R B 4 A A8 1k (Anderson,
2000). X} T K & B IR HIA S, 3 2 4 o IR
B IR Uy B, HE IS B IR A e R R (D

2.6 P
e o _-7
241 @8, - _-
(@] o." s>
- O, -
@ P -0
22} P TR
< PTG S
£ o e-"_. R ]
= 2.0F B 5 .- @]
= -0 -7 "
- -
@ .- #
1L.8F = o y=0.016x+1.661
” R*=0.533 1, p<0.001
2
o
1.6 g o° (@)
1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50

Aulacoseira granulata (%)
B 7 Aulacoseira granulata 5 KGE (9 FH 5 HE 53 Br
Fig. 7 Correlation analysis between Aulacoseira granulata

and wind speed

ang et al., 2008). [k, 1985 4F LUK i B W 2% b7,
PN Z N R 5 G 2 R HS e, £ £ 90 98 8 SR B fer A T T
=, B E IR R C.o meneghiniana ¥ 238N .
43 BFERESHBERENETR

1960 4 Z |l , F VR VE DLRUAE e 22 DL AL granu-
lata 7 F , & B FEIE R Fh C. meneghiniana A , # 4>
J& FE FROU R & AL TRAR B K, R UZ R
WA AL T B AR BRI b B 4 e 2
i (Zn: 86 mg/kg; Cu: 34 mg/kg; Cd:0.138 mg/kg;
Pb:24.87 mg/kg) Al LAAE Ny 1 ¥ & A2 2548 52 1 R 5
ol HESELHE FREESEERYTUE
HOET), AR P EAS A F R RN E
EJm N Cd. i T Cd (5 24 0 B2 28 K0 X 85, A
2000 4F J5 14 E{H A 80.45~166.78 , H.A7 5 5 1) s 78
fE L HIE 2010 4F CA W e AL B A H k8] T
JEWAE A MG F . 25 B8 A A S XU 45 B (RD 18
2000 4F LA & T 10 45 XU 558 2 , 2000 4F 2 J D B¢
DU AR B, 45 BR B RI(E Y Cd 19 BT ik Fe fie K. IR e
FLPEE ) Cd 15 B i 7 DLEE AL, 75 1R (i o Cd A
T T e 7 S RIS U8 75 Y R L

FH T SC A3 B AT A1, G 70 48 1V DE 32 2 R v Jm PP
TE 1990 4E 247 K e T RRASHE S, C. meneghiniana 3%
WERT A, granulate, EFMESBETEF R ES
HAFEEINAESRER TN FERRE, X552
K E RN T I R MR 45 R — B (Dong et
al., 2016). FLIH A 20 A5 5 A8 OF A B — P (I
FEONE 45 5%, M2 2 R CanoK SCER s <
foe 75 1 45 ) e [F /E F Fr R 80 (Chen ez al., 2013a). 7K
SCAT BT A R AR W, K BN Iy Sk el AR R Ak N
ST [ A S 5 ) 1 U A T R M E B A, U
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46 %

TF?iElﬁ!éf’ BWEEE EPLBR T 5 WA
15 Y BRI AR A B B )L I V% R IR 2 A E
R Z I R ER DL

5) énlb

(1) F&F F PR 3E A O 7P 1Y Cs T AR 4 @
JCER VESRICER AR R O R Bl g3 b 4 AR
IF5 FPEDE K SC A DL R Ok T R Boat s 2
TRt Bt AT X e, EET&?OEE#EIW%{E
b s 1960 4F Z |if , # 4 J8 FE IR U R & i Ak
BAR K, A, granulata 5 46 XL H, *E‘ﬁfﬁﬂ{ﬁﬁ
TN PE/NE B AR AL Y B 1960 4F Hil e,
T2 3] K SCRAE RS2, I TE TP AN TN & &
FF U5 22 % 3, A SR OKCE B ot L E R SR
R P C. meneghiniana Wl 8. 34 1 5 1980~1990 4 14
], W00 22 46 K AL T B S50f B AR /R B 9 JE A
T2 RE PR AR R 298 5 1990 4FE LUK, Ui
B T AR T Bl PR R N 2 R T, A

J& A SRR T 4R & 4R 2 B0hE B AL A AE % 1990 4 i
Ja KT RS WAL granulata O F TP 2 R
C. meneghiniana . ¥ ; 2000 4E & 4 JE Al'SE F &
R HE— IR, E 4 JE T 52 Bl N. palea IF IR 157 21 1Y
. FRICE (TP AV TN) FIHR 43 5 43 Em%(cuﬂ
Cd) 4351 A 2007 451 2013 4F 7 Ji5 3% #i FE AR, 31X
55 B85 Vi BRI U B KA G

(2)TCAR T RO Y & &8 . TPLUTN Ll
JiE AU A K RO SR S 1 JE I 70 45K 3
AR EE AL BB R TS B R, Hop AR
Bl B A R R E SR A DL R AR 2 2 C
meneghiniana Ml N. palea {8 % () 3 Z 3K 5 [H &, 7K
SCRE RN R & A, granulata TERE R EZIHR
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