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Abstract The spatial-temporal characteristics of chlorophyll a concentration| p( Chla) ] were analyzed in Shiyan Reservoir, based on
the monthly monitoring data from April 2013 to June 2014. The correlation between p( Chla) and key environmental factors were also
studied using correlation analysis and canonical correspondence analysis. The results showed that p( TChla) was 9. 59-123.29 wg-L™",
with an average of 52. 03 pg-L™". The p(Chla) of cyanobacteria was 4. 54-76.30 pg-L~", with an average of 28.39 pg-L™"'. The
p(Chla) of bacillariophyta was 3. 16-46. 09 pg-L ™", with an average of 15. 02 pg-L™". The p( Chla) of chlorophyta was 0. 77-26. 2
pg-L™", with an average of 8. 62 wg+L™'. Cyanobacteria was the primary species from April to December in 2013 and May, June in
2014 while bacillariophyta was the primary species in other months. The spatial heterogeneity of p ( Chla) was unconspicuous and
p(Chla) decreased gradually from south to north. There was a risk of algal blooming for the whole reservoir during flood season and
south part of reservoir in autumn. The storm runoff pollutant washout was the leading cause of the spatial heterogeneity of p( Chla) in
Shiyan Reservoir. Analysis revealed that water temperature was the most important driving factor for seasonal succession of
phytoplankton. Significant correlation was found between p( Chla) and surface runoff in flood season. TN: TP was negatively related to
phytoplankton biomass and phosphorus was the restrictive factor for phytoplankton. Cyanophyta were affected water temperature, TOC,
TN, pH, transparency, turbidity and NO; -N. However silicate, TOC, NO; -N, and COD were the main environmental factor of
bacillariophyta while TOC, COD, pH, transparency and NO; -N were the main factor of chlorophyta.

Key words; Shiyan Reservoir; chlorophyll a; spatiotemporal variations; environmental factors; analysis of variance; canonical

correspondence analysis
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Annual trends of environment factors for Shiyan Reservoir
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3.82+0.29
5.71+0.23
6.03£0.27
6.97+0.27
7.34£0.83

0.25+0.01
0.34 £0.06
0.45+0.13
0.380.13
0.21+0.08
0.28 +0.01
0.48 +0.09
0.14 £0.01
0.36+0.04
0.34 £0.07
0.22£0.05
0.17£0.03
0.27 £0.02
0.26 +£0.01
0.28 £0.03

2.19+0.24
1.66 £0.05
1.42£0.02
1.29+0.04
1.22 £0.06
1.86 0. 14
1.63 £0.08
1.35£0.13
1.25+0.02
1.57£0.03
1.43 £0.04
1.79 £0.09
1.87 £0.07
1.35+0.16
1.53 £0. 14

2.64£0.24
2.12£0.03
1.92+0. 14
1.79 +0. 14
1.61 +0.04
2.15+0.05
2.33:0.13
1.59+0.11
1.84+0.08
2.05+0.09
1.71+0.11
2.09 £0.09
2.19+0.10
1.69 +0. 16
1.92+0.16

0.031 0. 007
0. 026 +0. 005
0.032+0.010
0.037 0. 009
0.027 +0. 010
0.036 +0.010
0.041 0. 003
0.035 0. 007
0.038 +0.012
0.022 0. 007
0.061 +0.012
0.037 +0.007
0.019 +0. 005
0.031+0.012
0.047 +0.010

0.06=0.01
0.08 +0.01
0.10 +0.01
0.13+0.03
0.07 +0.02
0.12+0.03
0.08 +0.01
0.07 +0.01
0.11+0.01
0.12+0.01
0.12+0.01
0.17 +0.05
0.07 +0.01
0.11+0.02
0.07 £0.01

1) SD A RAE R, FABAE PR A R AR R ALE LR B F I fE
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Table 2 Two-way ANOVA of period and sampling sites to environmental factors
izt pH DO WT SD COD TOC REfREE NHS-N NO; -N TN TP Fe
I3 Sig. 0.294 0. 196 0. 000 0. 000 0. 005 0. 007 0. 000 0. 001 0. 000 0. 087 0. 152 0. 009
RAE AT Sig. 0.991 0.993 1. 000 0. 068 0. 559 0. 467 0. 994 0. 690 1. 000 0. 755 0. 801 0.386
ZEHEN Sig. 1..000 0.912 1. 000 0. 798 0. 899 0.876 1. 000 1. 000 1. 000 0.961 0. 987 0. 709
HIRZBCR>  0.299 0.270 0.781 0.452 0. 465 0. 460 0. 465 0.314 0.314 0. 237 0.241 0. 660
2.2 MERE a ISR LA Kk, p(TChla) 73 A AR IEOL)Z > KZ > KR,

B2 ST A KRR K2 R R a W AR
AL, A KB ZE p(TChla) ¥J{H 4 52. 03
pg L' B 123.29 we L', L AE 2013 4F 6
A1 552, 5K h9.59 pg-L™", HBLFE 2013
R 12 HRRFER 2 5 AR RIZ. AfKE#REZE
TR ARG W4 AT RETR,5 ~7 Hik
e AKE, Hod 7 A p(TChla) ¥I{E N 89. 04
pg L7128 ~ 10 H SRk S UL, 11 H 22k
42 A AR E K ,2013 4E 12 A p(TChla) ¥
4 16.72 pg L', A fflig, 2014 4 3~4 A
Wt 75 R T, SRR A IR, 5 ~ 6 A PR A ).
SRR L, 2014 425 ~ 6 Hﬂ%%?&"ﬁwﬁﬁ
25% FiAq. usljjﬁmkl?péﬂwﬂtﬁﬁiﬁ
{}lbi"i{%%ﬂ:ﬂ(-?%%/\gﬁi ﬁ;?”T%EE& ﬁﬁ’]
15, f@éﬁrﬁﬁﬁiﬁﬁﬁﬂfi%ﬂ(ﬁf = Wﬂ

500

IRURAETR AR . M7KIR R 3 ~5 m B, 32k
BIBENEE KT ERZRTIRZW AR, 2K
N5 ~8 m I JIEZ p( TChla) Y(E AL, 5%
JEREER IR MUK K 8 ~ 15 m B JR)E
p(TChla) ¥IENUAIECZ ) 3/5 747, A K E B
LR FE a (R B 1] b2 1) bk 2 ok
AHKIRIZ S B E. REMBOLZECHEER,
KRN p(TChla) /. ﬁﬁﬁtﬁ)?:—'ﬁ‘ﬁﬁﬁi?ﬁ%’_%_,,ykiﬁﬁ
{EE M (TChla) W1 2 ARFTEE. phy MU HE P LK
T 15 ) b s, AR AT A 2 i A 2 i
/%jnﬂwm%JM%%F%@ka {&iﬁ?jiﬁf’*ﬂ
BEALK o (Tohla) 22iER sk mmg, € g
Ezwkﬁi pf(Tcma)i-@{EEWEE?ivﬁﬂ %A?)i
%H{E{ﬂz%ﬁ ?ﬁtﬁﬂﬁ%ﬁkﬁﬁ(ﬁ HAERT ﬁﬁ7k7k1£%"
K, A p .(“‘Culfirla) i’a{agaﬁ%;&% A @kﬁla é%
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Fig.

Annual trends in total chlorophyll a concentration for Shiyan Reservoir
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Fig. 3 Annual trends in chlorophyll a concentrations of cyanophyta, Bacillariophyta, and Chlorophyta for Shiyan Reservoir
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Bl T, 2 12 A F AR R, 2014 4
4 F bA) el 43R 31.33% ~36.86% ,4 A FA)
TR T R R R O A, 6 T L i Gk #

73.13% . FEEER A KBS\ AR . 2013 4F 4
HREBE LB R 45. 67 % , 5 W ¥ A0 24, bifi 5 Ul R
M, B ZE 9 A B R BT, 12 AT A 3L
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Fig. 5 Chlorophyll a charts for different climatic periods in Shiyan Reservoir
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WU, PE N KARAC 3 843, 6 SR P 1 2 () S T PR AR
FEUETS YA T AR 15 Y IR I A A K PR 2
R a zS S BTPER BRI B s K R
TGS b 980D A1 e ) i A R AP A RS 7
A RS,
2.4 MEER a SR TR ST
2.4.1 W42 a SHIEH T Pearson XMt

23 ST U R R R R a KA
FHAASCOCFR A [R] S AN [ 3 2 110 32 BEAH OG- 7
ZESRCK. WA ) R EAH A WT, TOC
TN: TP, TN, pH, NO; -N_ SD & H:f1 TN: TP, TN,
SD, NO; -N A fAHSG; B FEAMCH A TOC,
WT, NO; -N, DO, TP %, Hrfr TP SH MG, kg
I = A E I F 4 NO; -N | Silicate, TOC, COD
WT ., TN: TP, H:p TN: TP, NO; -N A A6, 531
F ML T4 Silicate, DO, NO; -N | TP % Hrp
NO; -N ., TP Ry A 5. & I 3 2 AH T4
WT, TOC, COD, pH, SD, NO; -N, TN: TP &, H
NO; -N, TN: TP S S ¢, S0 M 6N 1A
Silicate, WT, DO NO; -N . TP 4 JHFHINO; -N TP
R K R G o S N A
5 0. 714 SHBE LSS 6 (3759 560 BB A A0 36 R 8
0. 268 A R DI T

FELRIA 0. 593, Wik B2 WA SE RS | AHOC R Ak
—0.095. 7Kl 2 5 el 7. Ay ) P28 i oA AR R 1 i
P2 i — 5 30Hk [ 23 ~ 25 ] BSR40 — 8 IR
il b 7 A A Mo X, W30 P9 K R 7 14,08 ~
32.33°Cyu M sh. R 5 ~9 A KRk 29°C L I,
5 B R AR T A B R Y T
1R, WS ] 58 A v ARAS A S, ] T R e A A
K. BWIKIRN 14,08 ~23.57°C i@ H BRI A K
e P B A 3. 2013 4F 1 H ~2014 4E 2
JY Bt TP A BTG 5 8 o el e e 5 Sy i
. TOC A1 COD REKKEAIY &, —FH S
BB R AR DGR, 3002 PR K AR 24 R 43 A3 HL
P 2s LA TOC HTE B AN Hh ok | T 2 AR B igh I
AP, & TOC 1Y HE 24 o, IIE B |
JE 5 R W e R 3 R RE O 3k U B TR
AT ST AR 0 DI | WA T A B A 2
TR ST, BRSO B PR AL MR TN
TP TN 4515 3 Al 2 M 6 36 R T 0K B TN
TR 2. 03 mgh LY L Kk VAR, TP
FAYRSE 0/03 mgat ! TEE A I ~ W 2ehm e,
BRI, BBk M 67 e A RTBE AP, b
I p@CHla Y TH %, TN 30 T 5| 2
p(Chla) FEA% SO A 0 % oy e 2 A 05 i fig
o SR 3R T TP M R % gy
BR A 7 DRl '

A = % 3 MAHRE 2 SKFETF Pearson HXRH

i

Table 3 Pearson’s correlation cne.ffigi_éxrté_-i)elween chlorophyll a and meteorological factors

W " Do

pH wT SD MmE  Ccob  TOC fEfEEE  NOJ-N O NHS-N IN TP TN: TP Fe
Wl 0.265% 0.528™ 0.714™  -0.463™ 0.458** 0.297* 0.698*  -0.143 -0.479** 0.213* -0.568** 0.381** -0.595" 0.216
o fEE 0,056 0213 0268 -0.223  0.281% 0.313" 0.366™  -0.379" -0.583* 0.338* -0.173 0.105  -0.256*  0.046
S -0.106  0.449* 0.462™ -0.333" 0.225  0.456™ 0.466™ -0.243* -0.309* 0.267° -0.129 0.029  -0.296"  0.240*
HH0.176 0 0.516™ 0.663™ -0.450™ 0.441™ 0.387* 0.680""  -0.256* -0.559" 0.310" -0.467* 0.298* -0.543"  0.211
Wl 0371 0.282%  0.593™  0.191 -0.038  0.010 0.757* 0.148  0.384™ -0.046 -0.014 -0.344™ 0.179  -0.299*
o FESE 0.383°20.153  -0.095 0.499 ™ -0.229 -0.154  0.060 ~0.453" -0,206* -0.142 -0.019 -0.285*  0.254*  0.291*
g 0020 0.572** 0.725™  0.079  0.065  0.387* 0.754™ 0.133  0.632* 0.329% 0.323"-0.032 0.056  —0.348**
B 02727 0354 0.564™  0.283* -0.058  0.161 0.690** -0.037  0.372* 0.169  0.165 -0.234 0.181  -0.189
Wl 0158 0.301* 0.793™ -0.058  0.053  0.255™ 0.689* -0.095 -0.030 -0.031 -0.264*-0.058  -0.167  -0.318*
o BE# 0162 0.036  0.311™  0.173* -0.031  0.173* 0.320*  -0.421* -0.287* 0.137 -0.087 -0.16] ~ -0.023  -0.013
4k -0.017  0.479* 0.353™ -0.084  0.140  0.327* 0.536™ 0.063 0.024  0.365* 0.166 0.027 -0.144  -0.140
M 0147 0367 0.739* -0.017  0.072 0326 0.729™ -0.164 -0.094 0.166 -0.152 -0.077  -0.166  —0.265"
1) 2013 44 H ~2013 429 A, 5N 2013 4£ 10 H ~2014 43 5 = FRTE0. 05 KF RWEFAMK, » =« KRTE0. 01 /KPR REARK,
TIA
2.4.2 &z a 5L F Pearson tHX5Hr 25

[l — KA RAE SR N T BB Bds b
RSB T AR, PR B 7 A 559426 Chla 79
FASCPE. i 4 alAL AN [R) e SE A [a) — i 39 LK ]
—WEEAE A [R] B I A T AR G TN B A AE W

WS RS A SRR i 7RI SR B AR G
T AR > S > i, 76 S0 2 e 7
FAE > ZE KB > HRT. FERS5SH FH et —
i, ETFUY EBAEC T4 HTR > W > [k, 7
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IR B AN AR > R > 28R .
BRI SRR T ARG, B S T
HTR > 78 & 4 > H IREHE AE R 0 5 A 1 0 354
K, FEMIEHEF A > Sk > H EEFEL
SRS Chla B2 A G, JUHE RN S
WEHEARC RBOR ] - 0. 777, S WY B A G
T SRS R R R, HX o B A
PEULIARFEL IR R A T 2 L sk, <Y
P Chla M AH R 5 /K TR A — B, I 5 0
ARG, P S AR i AR OGS Rk T W A G
PE. R B2 2 Chla 2L, TR

WAL | FARR 5 1 A OC R 3h 0. 534 A
0. 133, FEHIFRIR i | B FN I 5 Rk A O R B0 3ok
0. 642 Fi1 0. 490. Hi 3 FHE Bl 25 A& 19 e S WL T o
TR Sk 5 B AR I e A K . S SRR B A
SEMEARIN 33 AT RESE: PR A7 378 3 A b 3 A K A g 2R
FEJE B SE. HRT 5 3 FhiE 28477 — &
FHOGHE  BERHIK g 455 B8 B (R, AR (AR 3 s K, B8
SREE TP, wT AP0 B2 A L PR AR Ak K R
JE PR K AR s, B HRT, 2406 5 25K B
BRGEFE. B2 Chla 5K EMH BRE—T
FHSCHE 51 8 T I (A .

F4 BEMRE a 5RKEF Pearson HEXRH
Table 4  Pearson’s correlation coefficients between chlorophyll a and environmental factors
ing3l BER St SJE B H R 45 R (EXin Fée T Ak HRT
W 0.755* -0.777" 0. 027 0. 464 ™ 0.368 " 0.534 ™ 0.133 -0.363 "
- ks 0.211 -0.302 " 0.395*  0.152 0.178 0.023 0.128 -0.534*
i LR 0.356 ™ -0.243* 0.003 0. 408 ** 0.460*  -0.161 -0.165 -0.501 **
js8:3 0. 653 -0.671" 0. 131 0.584 ™ 0.399 ** 0,.341" 0.094__ ~.~=0, 5045
33 0.627** —0.455"  -0.019 0.193 0.549.** 0.227 0. 000 20! 476
1 g fiE B -0.061 0. 020 ~0.357"  -0.306" 0.420 0. 642 * 0.490™5  £0. 169
e 231 3 0.756™  -0.692"  ~0.157 0.478 ™ 0.360 7 -0.070 -0.299°  /-0.301"
B 0. 605 ** ~0.526™  0.033 0.219 0. 5665 0.264 % 0.009 . 400385"
W 0. 804 ** -0.852" .+ 0.551*  0.234* 0.,070 0.691 % 0.497™  4=0.342"%
o T 0.321* -0.403 | %0.483"  -0.127 0:272 " 0.315™ 0.302° - 0-286%
LR 0.302* 40.097 | 0. 4754 0.440* 0.388*% 0,137, -0.217* -04283 1
~ B0 0.734* Lo.podr /07485 0.263 04247 * ' | 0,515 3 0.385"  —0.4030" .
2.473 | MRS HHEIR FIGERI RV 4 TOC, CODLIN | E Al TP S A DL A SRR 2

i G R I TR R E S GEET £
p(Chla A TICER AN 15 T %5 AR

W K ol B N 6 . BT | s
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PSR 22 k. TR FLAD F2 A ERAFE(E
43904 0. 015 A1 0. 012, f# B R 43 5~ 55. 71% Fi
44.29% ; W FL AN F2 A RRIEAE 20 51k 0. 067 Al
0. 011, fi# 3530 86. 87% H113. 13% .
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Fig. 6 Canonical correspondence analysis of environmental

factors and phytoplankton of Shiyan Reservoir
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(1) f1 7 K FE 2K p (TChla) #4184 52.03
pee L1 AT E SRR B RSk
p(Chla) BIME 43514 28.39  15.02, 8.62 ug-L™".
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(42% ~49% ) , FoAth B 1] 35 35 A0 3B 2 (44% ~
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