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Abstract: Background, aim, and scope Nutrient baseline can provide important information for lake
eutrophication control and its restoration. The Xingkai Lake watershed has rich vegetation types and high
biodiversity, which has essential ecological impact on the lake environment. Due to the continuous enhancement
of human activities since the end of the 20th century, the nutrient level of the lake has increased rapidly, and
its ecological status has changed. However, the information about its nutrient evolution history and natural
background is still unknown. In this study, we reconstructed the history of environmental changes in the northern
parts of the Xingkai Lake over the past 100 a by analyzing the chronology, elements and subfossil diatoms
in three sediment cores. Materials and methods This study collected the basic information of Xingkai Lake
(topography, hydrology and other characteristics) as well as socio-economic data (GDP, population, cultivated
land area, etc.) and meteorological data (annual average temperature, annual precipitation and annual average
wind speed, etc.) from its watershed. A gravity sampler was used to extract sedimentary cores from the eastern
part of the Xiaoxingkai Lake and the middle of the north part of the Daxingkai Lake, naming as XKO03, XK05
and XKO07, respectively. The obtained sediment cores were sectioned at 1 cm intervals for experimental analysis
(including chronology, loss on ignition (LOI), X1, geochemical elements, diatom, etc.). In this paper, diatom
assemblages around 1850 AD are set as ecological reference, and the water environment conditions (such as TP,
TN and sediment phosphorus) in 1994—1998 are set as physical and chemical reference for water environment
management. Quantitative reconstruction of historical water environment is based on analogue matching
approach. Square chord distance (SCD) is used to calculate the deviation of diatom community from its baseline
in historical period. Baseline of sedimentary phosphorus in Xingkai Lake is determined by regression analysis of
reference element Fe. Results Xingkai Lake maintained good environmental and ecological conditions in the past
centuries. Before 2000s, the water environment changed little (the SCD of diatom population was <<0.0005). In
the past 20 a, the ecological environment of Xingkai Lake was degraded under the combined effects from both
climate change and human activities. Due to the small changes in the diatom communities before 2000s, the
water monitoring values from 1994 to 1998 can be used as the nutrient reference of Xingkai Lake, i.e., the TP
and TN reference values are 35 ug L™ and 970 pg- L™, respectively. Combined with the regression analysis of
reference elements, the TP baseline of the sediments from the Daxingkai and Xiaoxingkai lakes are 360 mg-kg '
and 500 mg - kg ' respectively, which can be used as the control baseline of the total phosphorus concentration in
the sediments of the lake. Discussion The sedimentary records of Xingkai Lake in the past 200 a show that large
lake ecosystems often have great system resilience. The sediment indices reveal that during the 1950s, the lake
watershed and water body had undergone great changes: the land use in the watershed was further strengthened,
the total amount of nutrients and substances into the lake increased, the concentration of pollutants such as Pb
was significantly higher than that in the historical period, and the water quality also decreased. However, the
diatom community did not show synchronous changes until the end of the 20th century. The community shows
considerable resilience, which is very similar to that of Taihu Lake, a large lake in the eastern China. It is also
worth noting that the diatom community has low diversity, dominated by Aulacoseira granulata. The diatom
community is very similar to that of Jingpo Lake near the Xingkai Lake. Based on the calculation results of chord
distance from the 1850 reference environment, the ecological environment of Xingkai Lake is highly similar
to the reference environment at the end of the 20th century, that is, before 1998, and the average level of actual
monitoring concentration of TP in lake water before 1998 could be used as the reference of TP in Xingkai Lake.
In this study, Fe is selected as the reference element, which can effectively screen samples mainly from natural
sources, and then determine the natural background of TP in sediments of Daxingkai and Xiaoxingkai lakes.
The average sedimentary TP concentration of Xiaoxingkai Lake is higher than that of Daxingkai Lake, which

reflects the difference in the source and migration of P in the sediments of Xingkai Lake. Conclusions Xingkai
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Lake transitioned from medium trophic level to slight eutrophication, which might resulted from the increasing
local human activities. Considering the feasibility and necessity of environmental governance, although the
total phosphorus concentration in the water body of the Xiaoxingkai Lake will be higher than that of Daxingkai
Lake for a long time, the baseline epilimnetic TP value in the two Xingkai lakes can be set to 35 ug-L ™', as a
common water body governance goals. However, for the sediments, the sedimentary TP background values are
set to 360 mg-kg ' and 500 mg - kg ' for Daxingkai and Xiaoxingkai lakes, respectively. Recommendations
and perspectives From the perspective of long-term environmental evolution history, this study established

corresponding sediment and water nutrient benchmarks for typical large shallow lakes in the Northeast China,

which can provide important reference targets for lake management.

Key words: Xingkai Lake; sediment; nutrient evolution; diatom; total phosphorus; nutrient baseline
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5) . R TR AR AT, B S LI I S H
TE BOKSCREE T, D4ELi b T b S5 (R Ad,
W TF R, KR B BRI 45 22 2K i i R Y
M. B O8PETiE) 5 CFAE) idsk, 1
T8 S IBUR X XS P8 17 527t £ A5 B3R 200 a J5 Y 1880
A, BT RALFEE G T T AE N I B X, 5|
TRZ5sHANH, NS @k @ (XS
T T AR D12, 1996) , MLHLbl ik i 2
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WAMWARNEZRANTAEZ (FLEERES
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NS By 1Y) - 8 A UK ) 5 2 Vi 1 ' B R
AN ZH TR (PN FIFNGE(R, 20065 T %
%, 20165 BRAIASE, 2017) o (A EREE,
DURLHE R AE 1959 — 1963 4FE 1Y AR (b 85 M ek,
M\ 1959 AF (14 W4 1 S8 SR B AR, 34 4 XoF 2 [ 5% 20
g 60 R0 “ ZARRIXERHT , AT ERSE A 2R
KFN R SRR T WK AR DL Sk
PR IR AR RPHERRAEZ R (XS
PO B R 514y, 1996 ) , EUfHREM A
W LR A A B SR D . Z W BBl
e R PP AL A OB B B RRTE, Aulacoseira
granulata JELHJEF, P ERBE 90%, EA
ik AR E IR IR Bl Gyrosigma strigilis T 5 57 &
il Cyclostephanos dubius, B T i N IR 5L
AR, R4 5 AR A R,
Aulacoseira granulata — A TG TE P —8& 5 5 KK
z, HEGRREE LR, AP shsm 2L 7k AR
(Liu et al, 2012) o »HLHJE KRIEKBNA, K
5 Z KR e, PUR RS AR KGR R, A
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HE FR B Aulacoseira granulata B3a KIE T,
& 5 37 )8 Fh Aulacoseira alpigena . Cyclostephanos
dubius . Cyclotella meneghiniana 55 K B F, F55)
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faR T 26l E ST nka s, T 20 24
R ry Ly FORHC AR, MR T A R, &R
PR L, R I B R ARG R
RHUIT., falbAg8) TR ke (K 2) o Takmyk
JE 2 FECTN K HECE R R, X 5T
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DB PR AP ROR I I  (ER >2 db  BE 1) T AHA
TEQREEY R (B 2) , KEwEA™E, KEi
IR 1) B8 B E R R KRS, =z AR NE iy ff
FHMPR T A B 0 3t 2, S i 8 A 1
b, BEGURY T TP S E ST R MR, 5
W IE Iy, AR E AT . AR BIREK & el T2
600 mm Sz LA 17K AR 3 XUH B AT T I A5 Ak
PRI AR Ak Ik 2, 50 032 0 I 3l P 355 1) 5 T A ] 22
B, AR 23 55 HoAl PR R — e A2 W ) B i
B AL, L ania K AR A Y R A WA
ALY S BN 2 %S (TP, 1992; TR
85, 2016) , {HHBEARBIKShHLEI5A Fr itk — 25
I3

SLELIAT 2 200 a SR TTRIE SR AAREE H R A=
BRGMATEEZSBERNRG W, TRV Z 4665
s AE 20 20 50 AFEARHTI , %I i B Aok ik
W R R RIS (5 )« il b )
—mag, AW E IR ER R B R RO, 5 g
Yy hn Po 45k BE 3 = T Uy SR, KR BT R
AT (Fe/Mn FofH FEARR BIK AR BECIR DA
fi Bt (Liuetal, 2012) ) o 4Kifi, GEBEREIEH
KRB R AR, BHZ 20 e KA KA h R
EWARA, ARSI A S S, X — AR
FEAEAE 5 [R] A 3 ] AR 35 1% SR R Y —— K AR
FARL, RIITE R & & E SR, WRKNAERE
VL Aulacoseira granulata 4 F 09 B 3 #£ 7% ( Dong
etal, 2008) . {HAHT AR, BEBREMEE DMK
NEE L, BR Aulacoseira granulata B, HAth J& F
SRR D . X —REEERE TR S0 A R AR 5 A T %
EIRUI AU iRs RS RUIE |3 S BUMNR & % s 3-SR S 2
P, B A A B IR (BRI RN AR e ¥
2018 ) o 5 T L o B O ST 4G




(FFFEE, 1992; 363 3C MIBHAE 52, 20045 i
9 A, 20125 5, 2014) @ 24 HLHI bR Ak
P S A A AR 4 D R AT BB R K AR A 1)
Az K BB LA R I K T ok R A v, T P K AR A
Yy A BB 2 A MR IR T, R AR B
il R AT, UL EEEFRAD
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3.2 TP
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I{E 970 pg- L' Wi i s 34 36 B 2016 4F LA A
KN LB ] 3 7K 1A TP v B 4 23T, {H 2016
ARG /NI KR TP ARG T R % B, 75—
A8 FUBE | 32 3R (] % 7K A AH OC 10 B0 R i it 2
W) B s, SR, KR TP ¥ B4R N 78
fREE R, 140 2010 45 K /N 24 FLI T 30 22 i 7T 3k
100 pg- L™, {HAE D7 S i3/ N LI R AR i 4 b
—F (4N 2016 4R ), FLAE D s BRI = A
R PAIXT S I, R/ NMSEILI KR IR S 2 1R
Bk, Wk, MWERZANKASIRE RS,
DLBEA/INDLHLI B 7K AR TP JE Wi 3435 A%
JK RS W 28, B35 ng-L', A A 3Rk
IR ER H bR ZIEME SR QIS TR 3 ——
FRARERIIC ) (fERELAG ) P Sopi b b i il
FfE (29 ug- L) i, {HJZLXImieE (2019 )
BT I B YT A8 SR TP 59 pg - L A% 3k v )
TR,

Ko ANHLBITTE Y TP () FE A3 K
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CARER: RIGEATRYIHTEN & E
B2 T U BB . 0 4] R R85 J R 55
A ZE (Murray et al, 1999) , i 3X Fh &0 AT LUAR
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HABI A, s8Rt SRR —3

Z It R B A BRSO, DO BR DT B
VERIXT T Z B i g, [a) Bt w5 AR
H AR R IR AR X JC R % =2 ( Soto-Jiménez
and Paez-Osuna, 2001; Liu et al, 2007 ) . A<Hf
TR Fe fE NS ILITER, AT LARCHIT L 1) AR
KR RS, SEmEE TP AR 5, Ik
HARRMUTEIC SR 7R /D% DL TP (1)
S 59k B AH (XKO3 fL I 6 20 em UL ALY TP F
{4 560 mg-kg ') T K24 HLH (XKOS,
XKO07 L 178 20 ecm UTFLY) TP /9 - 28 53 51
417 mg-kg'. 318 mg-kg') o X —HFAE BT
MY BE )R IR SRR 2= 5, SR/ %L
W ) 0 B R W Ok R R R, T AR R R
FRER AW, R PR T RS BE B AR /N, TR
W R PR B8 K 22 oK Il K AR, DTARA) FEZER IR
BHRYBK L7 (Sondergaard et al, 2001 ) ,
PRI I L8 R AR AR R 4L v, 3 3R ] A
Hiy DX G YT R R U XA AR 2, AN B
WL R Y TP HE kSl 550 mg-kg ' (2= /45,
2012) , 1744 3 W h 600 mg-kg ' (BB
A, 2021) o WAR, TEE SR TR 0 Ty S g
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WP RZ AN 22 T0 Lo PR, SRS i 08 o 3 1) 9 B
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