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Abstract: Estimation of algal primary production is important for understanding the energy flow in aquatic ecosystems.
Periphytic algae -are believed to be the major primary producers in lakes, especially in macrophyte-dominated lakes.
However, there have been relatively few studies on periphyton primary production than those on phytoplankton in lakes. We
studied periphyton in eight different disturbed sites in Baiyangdian Lake during four seasons. Biomass was measured in the
laboratory using sampled periphyton, and the metabolism of shallow epiphytic and epipelic algal communities in Baiyangdian
Lake was measured using changes in dissolved oxygen in chambers in situ. The relationship between the metabolism of

periphyton ( epiphyton and epipelon) and water physicochemical parameters was analyzed. The results showed that
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chlorophyll a ( chla) concentrations of epiphyton and epipelon varied from 34.83 to 245.22 wg/cm’ and from 26.08 to
297.40 pg/cm’, and the ash-free dry weights ( AFDW) varied from 0.46 to 5.21 g/m’ and 0.61 to 5.81 g/m’,
respectively, at different sampling times. The biomass of periphyton was the highest in August, and were the lowest in April
and November. In April and November, the chla of epiphyton was significantly higher than that of epipelon, and
significantly lower than that of epipelon in June and August. Biomass varied significantly among sites. Both chla and AFDW
of two periphytons were significantly higher in polluted areas ( inlet and Nanliuzhuang) than in clear water areas
( Shaochedian and Caiputai). Annual gross primary productivity ( GPP) of epiphyton and epipelon in Baiyangdian Lake was
494.20 and 474.45 mgC m>d™", respiratory rate( R) was 522.63 and 508.98 mgC m>d™", and net primary productivity
(NPP) was —28.44 and —34.52 mgC m>d™" in 2014 and 2015, respectively. The distribution of periphyton metabolism in
Baiyangdian Lake exhibited significant temporal and spatial variation. GPP of periphyton was the highest in August, and the
lowest in April and November, similar to biomass. The spatial distribution of periphyton GPP exhibited a decreasing trend
from west to east. The NPP values were positive in clear water areas, indicating that the periphyton in these areas were
autotrophic communities, whereas the NPP values were negative and the periphyton communities were heterotrophic in
polluted areas. Multivariate ordination techniques were used to analyze the effects of water quality on the periphyton biomass
and primary production using CANOCO version 4.5. The results of redundancy analysis ( RDA) with forward selection
indicated that total phosphorus, chlorophyll a, permanganate index, ammonia nitrogen, water temperature, Secchi Disc
depth, dissolved oxygen, and N/P ratio were the most important environmental factors affecting periphyton primary

productivity during the study period. Significantly positive correlations occurred between GPP and water trophic status.
Key Words: periphyton; phytoplankton; primary productivity ; Baiyangdian Lake
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Table 1 Main physic-chemical variables of the sampling sites

TIL 2K b o
28 HH5 Standard value 2014411 H  20154E4 201546 2015 4£ 8
Parameter Abbreviation  for Class III for November 2014 April 2015 June 2015 August 2015

surface water

7K Temperature/ °C T o 9.36+0.19 12.76+0.52 25.36+0.32 30.23+0.18
2B pH value/ (—) pH 6—9 7.98+0.09 8.17+0.09 8.10+0.08 8.26+0.06
BB Secchi disc depth/m SD = 0.60+0.28 0.89+0.37 0.54+0.32 0.53+0.26
R4 Dissolved oxygen/( mg/L) DO =5 9.53+£1.03 10.99+1.28 6.05+1.50 7.85+0.96
JBA Total nitrogen/( mg/L) TN <1.0 5.45£1.65 5.83+1.50 7.02+1.31 6.97+1.30
S Total phosphorus/ (mg/L) TP 0.05 0.22+0.08 0.21+0.08 0.40+0.11 0.50+0.17
% Ammonia nitrogen/ ( mg/L) NH,-N <1.0 4.09+1.35 4.66+1.15 5.41£1.03 5.61£1.16
%A Nitrate/ ( mg/L) NO;-N = 0.83+0.30 0.91+0.37 1.31+£0.34 1.11£0.21
f." 3 ftjinii =3
R ﬁlﬁ CODy, <6 5.78+0.54 5.22+0.65 9.36+1.79 8.12+0.89
Permanganate index/( mg/L)
AW L N/P ratio/ (mg/L) N/P — 25.50+6.43 31.61+12.30 18.46+4.04 14.74£3.03
U5
YT RE o chla — 22.61+4.87 15.61+£3.98 45.33+£9.92 62.90+14.87

Phytoplankton chlorophyll a/( mg/m?®)

2.2 HEEEME BERA YR SRR S RS o A
221 KPEBELEMGE a 2510
BB R BT YR S P X I 4 R a TEAS TR R AR 1 1 728 A L2330 O 34.83—245.22 g/ cm” il 26.08—
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297.40pg/cm’, BPEBERMGR a TEAR T AR FEZES (R 2) , FHEZE ILKREAERY] 8 H>6 A>11
A>4 7,4 A5 11 AZ TR EZSR, AR 225 B3 (181 2,P<0.05) . PIff T3 B2 M 1L, chla,
F1 chla, 7EAN[A] 2217 5 1 3% 22 5% ( Repeated measures ANOVA, F=96.34,P<0.001) , 7EMJEBANA 4 HF 11
H ,chla,>chla,, 7£ 6 H#18 H W/ chla,> chla,,

R2 WERXEVESTEAZHNER

Table 2 Results of multivariate analysis of variance for periphyton biomass

B HJ 18] Time A5 Site
$8F5 Parameter
df F P df F P

FMHE B 28 R a
Epiphyton chlorophyll a (chla, ) 3 54.55 <0.001 7 4.43 <0.001
A B TR T
Epiphyton ash-free dry weight ( AFDW, ) 3 54.71 <0.001 7 5.07 <0.001
BRI BT 483K a
Epipelon chlorophyll a ( chla, ) 3 119.46 <0.001 7 1.77 0.105

g2 T
MRS T AT 3 53.81 <0.001 7 5.29 <0.001

Epipelon ash-free dry weight (AFDW,)

M BSR4 R a fEAR RIS B W 2R (£ 2) . IMAEBERMHEER a FHIR/MKICH . S2>81>88>
S4>86>83>S87>85, Hid $2 S1 BE® T S7.85( K&l 3,1SD, P<0.05) . BMUEHEZEAIM-4 2 a SR K/ IMERIR N
S2>S1>S8>S6>54>S3>S5>S7 , (HAN[] H o5 [0 JC ik 35 25 57 (&1 3) . PRI G B AHLE , chla, T chla, 7EAS [R) Hh g
[8] JC {2 3% 72 5% ( Repeated measures ANOVA, F=1.213,P=0.304) , 7E i 43 RAE 5 chla, B0 & T chla, .

c _ PR 2
400 b WP T 40 o
E 300 | 300 | 2
5 g e N abc abe abe
= ~ bC
3 100 % a + 2 100 | c c
E 0r Il Il Il L .f 0
[=9 <=
g c @)
> [+ >

Z 4001 mHEsER b g 100 T WESE a
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FrEH B Sampling times

320142015 FHFEMEELXMHER a W= @S H
Fig.3 Spatial distribution of chlorophyll a of periphyton in
Baiyangdian Lake in 2014—2015

B2 2014—2015 £ BiFEMERLEMGE a IR EEL
Fig.2 Temporal changes of chlorophyll a of periphyton in
Baiyangdian Lake in 2014—2015

222 [MHEE#ESTCIKT E (AFDW) IR 23 531

R AR SE 2 R A e B2 35 ARDW FEAN[R) SR AE 119 28 Ak L4300 0.46—5.21g/m* Fi1 0.61—5.81g/m”,
PRI 525 AFDW S5 2 B0 B & AR Ia) S i (2 2) , IS 2 E IS R . fi A 2S AFDW 4 8 H >
6 H>11 H>4 H ,Hr 8 AF16 HJo 25, Fofh R 22 7 W 25 (8] 4,1LSD, P<0.05) ; fff g 25 AFDW
B RFE 22 5 538 (] 4,18D,P<0.05) ,8 H>6 H>11 H>4 A, BFHE LA AFDW WHFAE B %
B2 ) S (2 2) . KR EEZEAY AFDW 34 K/ MR M - S2>88>S1>84>86>83>87>85, Hirf 82 i #5 T
S3.S5 Fil S7( &l 5,LSD, P<0.05) ; BHg#E2E 1) AFDW P34 K /IMKIR 7 : S1>52>88>54>56>53>57>85, Hirfr S1
M1 S2 ¥y w5 S3,S5 F1 S7(1&l 5,1SD,P<0.05) , FLERPIFIEN & B2 0 AFDW 0] LA H | B 5 28 AR
PRSP [B] b5 AR A FEAAL, AFDW  BEAE T AFDW, | {H — F 75 A [ R AEHT 8] ( Repeated measures ANOVA
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Fig.4 Temporal changes of ash-free dry weight of periphyton in

Baiyangdian Lake in 2014—2015
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Fig.5 Spatial distribution of ash-free dry weight of periphyton in
Baiyangdian Lake in 2014—2015
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R FELR(FEI), FIRLZHILKEY . GPP, ,GPP, R, MRN8 A>6 H>4 A>11 A, H{L 4 A1
AXRELES  HARFEY S B2 5 (K 6—7,LSD, P<0.05) ; NPP, FII NPP, b 4 A>11 A>6 A>8 A, 1

a4 AR HEE T 6 HR8 H (K S,

LSD,P<0.05), NPP £ 6 H ,8 A hfifd,4 AR 11 AmgEF 0, 3%

B EPEBETE 6.8 A LIS IRAUBHEYS 0 3 e 4 11 ANRLA SRR o8 £

*3 MEBEBRREYESTEFENNER
Table 3  Results of multivariate analysis of variance for periphyton biomass
B HF 18] Time Hb L Site
f8F5 Parameter
daf F P df F P

RRHAT 25 AT At 7
Epiphyton gross primary productivity ( GPP ) E Uik S 7 Uetics Ui

A I K
W. e H&L}A 3 41.92 <0.001 7 6.52 <0.001
Epiphyton respiration rate (R;)
Bt AT e IS e A 2 A 7
Epiphyton net primary productivity (NPP,) . 2 LY 7 e ST
R U8 2SS 7
Epipelon gross primary productivity ( GPP,) . Cath UL 7 L5 SULD

I 3 IS I I ol R
I Mo 3 31.43 <0.001 7 8.10 <0.001
Epipelon respiration rate (R,)

I A )
RS PR 7 3 41.71 <0.001 7 2.05 0.058

Epipelon net primary productivity (NPP,)

MAESEZE Y GPP, R R NPP 7E25 [H) FAA7E 25 5% (3R 3) o BHESEZRAT3Y GPP HEF R S1>52>54>56
>S8>83>87>85, Hirfr S1,92 i1 S4 W& E T S5,57( K 9,18D,P<0.05) ;R HEF N S1>S2>88>84>86>83>87>

S5, H:

y N

thS1,82 WA T S3,S5 Fi1 S7(E 10,LSD, P<0.05) . NPP ¥l S5>87>83>S6>84>88>82>81, Hirf
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S5 Fl1 S7 1) NPP KT 0, HA SN 4 DRI EER/NT 0,85 W& T S1(# 11,LSD,P<0.05) . Kt
VBN GPP FlI R TEAFERAE M2 B E LR FRIYEF (NPP,) TR & 257 (K 3) . &R GPP,IYHE
J¥4 S1>S2> S8>S4>56>S3>S7>S5, Hirfr 83,87, S5 1 AR T H A AR AE 2 (K 9,LSD, P<0.05) 5 R, I HEF
S1>82>S4>56>S8>S3 >85> S7, Hii S1,82 3 =T S3,S5 A1 S7( & 10,1.8D,P<0.05) . HAAEMAE(S5) , %
G (S7) PIFP B & B 251 NPP RYSMER T 01 11) , ZRBIX IS RAE S B G A= PR LA F SR
R E, PIFIE S AL, GPP, 5 GPP,, R, 5 R,, NPP, 5 NPP,{E A ] RALMT ] & i 3% 2 5 ( Repeated
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Table 4 The correlation coefficients of periphyton GPP, R and NPP

ligiRees Fib AR 2 IRl Ts

(GRS N , S B e
e I IR RIS R ——

_ SRR A . : . SIS

F84R Parameter . Epiphyton Epipelon Epipelon .
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Epiphyton gross primary productivity ( GPP ) ’
B AR TR |
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Epiphyton respiration rate (R )
e B . .
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Epiphyton net primary productivity (NPP,)
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Epipelon net primary productivity ( NPP;)
, TE.0.01 7K (XU ) b A

WA S IR F AT ARG AT, AR Rl 5 D e HE Sl A OC R £ 51 0.98 1 0.87; BT fig HE
AR B, AR OC R BN -0.04 , IS IS HE PRI A C RECH 0( 3£ 5) , Ul A HE Tl 5 A58 H 7 R R R4 &
AR RR B B b S b T B2 AR T RE SRR I F 2 I D6 R HEFP 25 T Y 1 e B I s A G (R =0.85,
P<0.001) BRS04 7 0 08, F5 A1) FH W] AT 5 1A X B 8E 1 54738 45 i ¥E , Monte Carlo & 0 K6 56 2% SR i
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Table 6 Redundancy analysis results for periphyton and environmental factors
HEFP Al Axis
Z:H Catego
BN
B 1 2 3 4

FHIE{E Eigenvalue 0.911 0.014 0.004 0.001
YIRE-FAEEA M Function-environment correlation 0.978 0.833 0.725 0.490
YIfE BT H 43 b Cumulative percentage variance of function data/% 91.11 92.50 92.92 93.03
fe- X R B E s
RS SR o _ 97.86 99.36 99.81 99.93
Cumulative percentage variance of function-environment relation/%
HERFAE (A Sum of all eigenvalues 0.931
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Fig.12 RDA ordination of periphyton primary production and water quality parameters
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TR 3820 00 JE DX 10 O A L P90 75 4 A7 0 BRI B, (45 0 v /K 5 ) 8 2%, PR 5 2009—2010 A T,
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Table 7 Annual gross primary productivity of the shallow lakes
SR I 1 3 44 I

AN VITS B HHIRA Gross primary  Respiration Net primary EEB U

Lake/Wetland name Trophic status  productivity/ rate/ productivity/ References
(gCm™?a™) (gm?a™') (g€m?a™)

H 7€ 2009—2010 Baiyangdian Lake 2009—2010 BESRE 497.41 843.66 -346.24 (7]

FIPEE 2014—2015 Baiyangdian Lake 2014—2015 BER 180.38 190.76 -10.38 AT

Z5 Dong Lake BER 164.25 80.30 83.95 (28]

e P 1 B g 9

FE ARG Gollinsee Lake I 10—243 (30]

HFIR VUM Schulzensee Lake iR 33—258 (31

£1.% ] Paul Lake HETR 139.00 (32)

S5 VG 7 T ) 3178 Wetlands in Mississippi River HER 490.56 459.9 30.66 (33

LRI Mekkojarvi Lake 277.04 144.18 132.86 [34]

H N ELH] Geneva Lake 8.40—345.29 [35)

¥ 2218 Grande Lake WHETR 7.00 [36]

Bt 6 28 ) A A A 7 0 2 S AR P RE T EE AR B, F T D B B S I BUAF s A R 7= i
25 A5 1 3 B A 8 37 i B A v M /K S S 2R A R A D), B SR R VR B I R K SR A 2R i A
FESRXT AR . FVEIE R AR 2500 GPP 5 R ¥ B EMR (R 7) . XM MR L2 R AT B BRIk Ik,
FEE R FWNA T AR A A SRS A P DL ARG R AR RUE R, T GPP &
1%, PR AT EAR FE SN A WL A Y FEZFE BT, GPP 5 R 22 18] BAE-A B T 15111 A0 A0 P9 3 1 oA
AR g, ANIATURA A AL A 23 T 22 Hb 5 i P 258 | DA T 68 45— 3 A AR DG PR Rl — 2B BRI
M Be4-3E FURTE & BB & B 2R B A0 P/R~ 1, UL HAN G A 7= FIriH RE A S SR n R 4 K20 2 23Rk R
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FEMEE B2 5 IR 19 RDA Z3#Hrih PRI 2r R a 5 DR HE T il 0 35 A0 G  AHOC R B0 0.92 (%
5) o R TEME BRI GPP Z [AIfEAE— PR EEAUT (1) 5C 3R , TRIEAE ) 23 52 el B 2 0 % 6 1
FIRPY  FERZ BT, MG s ny A K SR Z R E R IR, A E SR A BRI, o H B e i 25 1

http ; //www.ecologica.cn



454 JAE = 38 &

B ROE I TR B e T AT i 2 R, A L 2R, IR B ) 5 R P A A 1 A R B
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L, S ST A2 2—Smg m™ d ™I PR IFARL I X 't B JBE R L 2 nel BB BSR4
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W BETE 0.04—0.74 mg/ L Z [, & WU E A3 I, 2 i AR s, B8 S8 2 0 R AR 7= BE = 34, iIX S 4 22
BT AR Al fa S — B Y

4 %t
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