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WE  BEREBNERALESRAZ —, H T M LFRA R KT R W 88 2 (Zostera marina)# ¥ K
REASTRD RN F i B EER B SRR, T20094F2 A, 5A,. 8 A1l A, X
WHBEEERRAGERDRNFREY . BERESFRERXBIEREFHATT AFHE,
FF BL #5636 B g AT (CCAYAR TU A AT (RDAYIR R T HE H F ARl AW h B M R E T,
LRI F It 38 F, FE 31725 8, H+, #¥%|1(Bacilariophyta)ff % & % (89.4%), ¥ # ]
(Dinophyta) X Z.(7.8%); &I F ezt 18 f, 4hd 3 %K, LH mahM(71.4%) 0 £ 7 iF & 9 #
KB ENRENEFT L, BE 11 AR &AM, &FRIF IS AT 0504 805735 F Z 05
# 5.4x10% cells/m’ F1 1.6x10% ind./m’, ZAR > X 3 I 4 4 Fn 33 0 50 A 48 35 £ L8 1.4 f5 A0 15 55
B PAF RN B R, BERFFEEADREHEESKE, BERWHERETERENER
FHX, MRV RXFHEEYPHREHNEESKE, pH EREEACEERREFEEM X, £R %
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Barrang Lompo & [l /1 ¥ & il (Enhalus acoroides) i %
R ANYR 35 EL ¥ (Halophila ovalis)ii ¥ R ) IE I FE )
ZREVEFR USRI AR VD XA 1.7 155 Lo %5(2020)iF 5%
K, PG Limau-limavan 7B £ 7 52 R 1)
TR E R R AR VP IX B 1.5 F5 DA b st
SRR B A AR A B B 3, ok S B A AR ) 2 v E
e Y 5 O AR I LY/ LG R S B S-S 1R 2
Bl BT R R ) S AT S B R RS T R
(Jernakoff et al, 1998; Beck et al, 2001; Heck et al,
2003; Blandon et al, 2014), Itk ¥ ¥ PR A0 HERR 2 B
A RS R R OE TR AE BS54
TN TR A YRRV 4548 (Azmi et al, 2016; Metillo
etal,2019), HETCAIL, FHRHIFERZH TR
PRAESR , DAl W B PR AE B A A 5% XS i AR 2D

Shy A B I A Ve R DR S LA ST R U X VR Ui A W R
T 25 K8 I 23 AR ARAREAE | A BIF 55 158 SR 1l R 3 i) i
(Zostera marina) i B K B AR IARYD X, 380 40 %) ¥ Ui
AR T S A | B B A ) IR R % B A S O EAR
PRI 1) JRL AR R A, X6 B 43 A T R R B LR S R VD X
Ui W B T S5 AR I 23 o A0 25 5, RO T A R U

5 083 A3 R PR A 2 2 AR I O R BRI DR I A O
DU TR T e R PR A LR 25 T RE | SE BRI A A BT Y
At R e S

1 #wRER=E
1.1 MRRB5HEMAHIE

KGN (37.34°~37.36°N, 122.56°~122.58°E)fii T
2R B e A0, WAL R 4.8 km?, J2—A 2 E ]
(VT VST, TR A 0 B T 9 TG 5 AN A
WIXOPHKE/NF 2 m (A%, 2003; Zhang et al,
2015). #4340 A5 68 51 H A68 55 (Zostera japonica)
2 Pl RL, FLrp R R PLIAR, B T RS
A TS T R () Y DX s, R R T R T R
R AR, 2017).

200942 A, 5 H. 8 HMI 11 A, X} RIGHHE
R S HAR YD X BRI ) GBI B K - RN
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K ERMITIE AW, 5 S A R [
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Setting of survey stations

J U B ST

1.2.2 R3EIAF AW, R Professional
Plus ZINHEKFAL(GE R YST 23 w)) B350 & g 7K Y
pH{E . /KE(WT)., %A & E(DO), HERE Iz
THEKERRE s FRAKARTIKT 0.5 m A REEKEE, FihE
CHEvE W IALTE ) (GB/T17378.4-2007) 077 1 471
KAk 2% T A (COD) . A b7 A i (BODs) . A A
(NH;-N) A R £k (PO; -P)AY I E -
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123 B¥ERAESFHE  EERERNS A,
FH 0.5 mx0.5 m A SRAEHE HEAT I SRR IBURE , WK 2
i RAEHE P 8 B AR R, IF BRI AR A 52 Bk, Rl
A BORE 3 UK T AR A RIS i o 1 i i 2 2R
ZIEE A MUKAGIRIS PR e R R
RHHE A AL BR B LA S bR %5 (shoots/m®), PR FE
fn 5B PRI TSR, JFAE 60 CHtT = faE, Il
HAEVEAE Y (g DW/mY).
13 HELKESSH

T AR W 0 2 AR R RE R (R BB KRR, LAAEST
T3 AT AR 20 H sl A AR B (cells/m’, ind./m®)Fw .

PeFAF L TR I A WL (DR, EWZ R
PR F & A — g 20 48 B (Shannon-Weaner index) (H').

Sl KA TR 2 HL

X 45 B8 Bn AR Ui A 1 3 B %) B (R AR AL AT
L E )5 2% /0 Hr(one-way ANOVA), 455 11 V-2 1+
FrifE 22 (MeantSD)E /R, 255 W E W] Duncan £
T EE s X[ A 0 R AR VD X A FREEFE bs | TR
YR ZREVERE SO TSI AR T AR 5 B Rk
% E N P<0.05,

izl Canoco 5.0 A4 M bR A= MR TR S 10 I
ISR Z A O FR o XS4 i) 3= B8/ 4= 4y o B
HEAT 25 # HRF B 20 BT (DCA) o 5 H5e KB B K
(length of gradient) >4.0, #EA7HLIE X R 3 HTF(CCA);
WERTE 3.0~4.0 Z 0], TUARSTHT(RDA)FI CCA 1] ;
W <3.0, #47 RDA 53 #7. HEF 45K YA -5 A
T RAMFEFRIR .

Y151 e B (Pielou index)(J)Fl Margalef =F & JE5%L

(DYEATAHTART %, 2018), AR 2 BER5HH

Y=(n/ N)x f; M 21 zpmERT

H':_zglogzpi ) AR W RER 1), 1BRIR S5 X SR
i 85 P51 AR L X 2 WA 7R — R 1

J=H'llog, S G kw, ZHORENTELFRGEAEEKE, KR

D=(S-1)/log, N 4)

Al pH (E A E ik B M, b B 7ERK 2k 2 e K
1B o R4 85 K 7 1 YA 1 R PR S5 ARV X 22 ]
TG B ANTR] , (H— BB IRLE PR S 28 Z2 15 7 P X 22 [
e 35 2 5(P<0.05), W, #yPIXiE/K COD &im

A, o R, N O RTAR R BN,
fi A B . Y >0.02 RN AL EFN . P,
NFERL S | AR SRR HE ;s S A

®1 RBPBEARRHEMERDXRERFRIR=EN

Tab.1 Spatial-temporal variation of environmental factors in seagrass bed and its adjacent bare sand area of Swan Lake
28Kt N X 5k 2 A 5 A 8 A 11 A ¥{E
Environmental parameters Area February May August November Average
b2 S 1 HR Seagrass bed 1.9140.15*°  2.23+0.41*°  2.00+0.23" 1.33+0.21° 1.86+0.06
COD /(mg/L) VP IX. Bare sand area 1.8440.14™  3.08+0.11""  2.38+0.31" 1.37+0.10° 2.16+0.33
AT 1 HPR Seagrass bed 43440.06°  2.12+£0.14°  0.78+0.53° 1.83+0.11° 2.34+0.42
BOD;s /(mg/L) BRYPIX Bare sand area  4.33+0.14° 2.02£0.32°  0.99+0.08° 2.59+0.42°"  2.48+0.46
W4 DO /(mg/L) ¥R Seagrass bed 11.49+0.12*"  8.85+0.39° 5.96+0.25¢  10.16+0.20° 9.12+0.35
YD X Bare sand area  10.1420.13* 8.16+0.26° 6.30+0.14¢ 9.52+0.11° 8.53+0.22
K WT /C IR Seagrass bed 2.68+0.02¢  15.03+0.17°  25.80+0.08" 9.60+0.28°  13.28+0.25
#¥h X Bare sand area 2.96+0.01Y  15.20£0.28°  26.15+0.07" 9.70+0.14°  13.50+0.13
pH MK Seagrass bed 8.35+0.13°  8.07+0.07°  8.46+0.07° 8.26+0.04° 8.29+0.08
HYPIX Bare sand area  8.37+0.06° 8.02:+0.04° 8.53+0.06" 8.31+0.01° 8.31+0.05
iy 5K Seagrass bed 31.4140.04°  33.85+0.65°  31.75+0.29°  34.25+0.29*°  32.82+0.35
Salinity LV IX Bare sand area  31.41£0.04°  33.50£0.00°  31.50£0.00°  34.51£0.71°  32.73%0.54
A NHi-N /(mg/L)  ¥##EiJK Seagrass bed 1.0440.14*  1.21£0.15°  0.76+0.29" 0.79+0.15° 0.88+0.14
BYPIX Bare sand area  0.60+0.23° 0.70+0.24° 2.14+0.27" 1.07+0.20° 1.18+0.23
B L T HR Seagrass bed 0.43+£0.21° 1.81£0.11°"  0.38+0.09° 1.29+0.10°°  0.98+0.25
PO; -P /(umol/L) PP X Bare sand area  0.2940.08° 1.27+0.12° 0.41+0.13¢ 0.92+0.18° 0.73+0.22

T PR R SRR X 22 AR 35 25 54 (P<0.05), ANI/ING TR RN A A A3 [IA77E ik 3 25 5(P<0.05) . R,
Note: * indicates that there is significant difference between seagrass bed and bare sand area (P<0.05), and different
lowercase letters indicate significant difference between different months (P<0.05). The same as below.
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TR AR D Em TR, FHER R 1.3 £
P IX /K BODs & fE7EAK R W2 5 TR BLR, 2
1.4 4% HFRURMEK NHy-N & RIEA AR R &5
TR X, AKX 1.7 65, EENIEMA)R, 5
JRIE/K NH3-N & 5 O BRI IX NH-N 51 40%.
22 BERESEHE

M CEAF R 119 A 1 I B S Y 2 Y AR Ak, AR AR
FERAEY) a3 T8 H BB KA, 4351 0 (1 472.0+
33.8) shoots/m*1(800.3+40.2) g DW/m?, J&:2 H itk %
FE FIAE W R 9 1. 745 R 6. 745 (P<0.05) (32).

2.3 FiEEWEELEN

231 AEamAeF A AN, R IR
Yy 38 Fh, SRIET 30125 )8, k3 Fon. Ko, 6k
1] (Bacilariophyta)ft %, 3t 16 FF 21 J& 34 fft, i &
PP 89.4%; W ¥l ] (Dinophyta)ik 2, 3t 3 %} 3 J&
3F, 5 SRR 7.8%; 42kl ](Chrysophyta)fk /L,
A1 RE 1S 1R PR YRS B Y 2R
b, WRRAEYD X 11 AsslkE, BEH
THAl A 43(P<0.05), AH IR H 4y B R FNRR YD DX 7
WA AE R B02E AN |8 3 (P>0.05) (& 2).

R2 RBEHBERESFRHIENTTENL

Tab.2 Seasonal variation of ecological characteristics in seagrass bed of Swan Lake

P FEHR Surveyed parameter 2 H February 5 H May 8 H August 11 A November
F k% F Density /(shoots/m?) 882.0+43.9° 1374.0£19.9* 1472.0+33.8% 1041.0+56.8°
FE AR 2E Yy Biomass /(g DW/m?) 48.2+3.8¢ 461.4+11.8° 800.3+40.2° 167.8+8.5¢

®3 RWHMBERREMERD XFHEDDTHET

Tab.3 List of phytoplankton species in seagrass bed and its adjacent bare sand area of Swan Lake

JF%5 Code 4 Species 2 H February 5 May 8 A August 11 H November
7t 9% Bacilariophyta
1 FEGHAE # Rhizosolenia delicatula +/* /- /= 4/
2 NIEAR 4 3 Rhizosolenia setigera —/— +/* /% e
3 ¥& IR 3¢ Coscinodiscus granii +/% +/% - /%
4 BUKR % Coscinodiscus jonesianus —/— +/* /- +/*
5 RN B i 5 Coscinodiscus radiatus —/— /- /- 4%
6 IR Coscinodiscus asteromphalus —/- /- /- e
7 W R % Coscinodiscus oculus-iridis —/— —/— - e
8 [ # Coscinodiscaceae sp. —/— /- ) e
9 RICH EE Chaetoceros castracanei +/* —/— —/— —/—
10 JBICH BEE Chaetoceros vanheurckii —/- +/* +/* 4%
11 JEIEA EBE Chaetoceros decipiens —/— /- /- 4%
12 B RMATLWE Chaetoceros lauderi /- - a /%
13 SIRAEE Chaetoceros eibenii —/— /- a e
14 S 8UNREE Cyclotella striata +/% +/* +/— /-
15 5% %E Thalassiosira sp. +/% /% e /-
16 FAE &I W Bidduiphia sinensis Greville +/— /- - e
17 KIHE R % Planktoniella sol +/% +/— /- e
18 MEGHH FLPE Hyalodiscus subtilis Bailey —/— /- /- +/_
19 i A1 Pleurosigma spp. —/— +/% e e
20 Z255 JLIN W% Guinardia delicatula /- 4/ - /%
21 KHEIREE Odontella aurita /- +/— /- i
22 £ FF#EE Synedra spp. /- e 4% e
23 KB Thalassiothrix longissima —/— +/* —/— /=
24 BT Bacteriastrum hyalinum —/— +/* +/— /=
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JF5 Code 4% Species 2 H February 5 H May 8 H August 11 H November
fik #% Bacilariophyta
25 sk &JE % Biddulphia obtusa —/- +/% /- v
26 IR EBEWE Melosira moniliformis —/— —/+ —/— —/—
27 FIAZMAEHE Leptocylindrus danicus —/— - e 4%
28 221 &)Y 8 Biddulphia rhombus —/— - /% e
29 HAEWAHL S Paralia sulcata /- - _t e
30 2L ¥ Nitzschia sp. —/- —/- —/+ /-
31 JFILGEEBE Thalassiosira decipens —/—- —/— /- e
32 Pl B 453 Skeletonema costatum —/- /- /- 4/%
33 ZENE L HE¥E B Streptotheca thamesis —/— —/— /- +/*
34 FHIE 8 Navicula sp. —/— - - /%
F' ¥ Dinophyta
35 WG Noctiluca scintillans —/— +/* /- e
36 =AM Ceratium tripos —/— /- /- e
37 KA =¥ Tripos macroceros —/- /- /= 4%
4x ¥ Chrysophyta
38 INERIRERESE Dictyocha fibula +/* e e -

T AR IZ P TIZ A G BRI R, * R iz Tz H 0 I BERR I IX, —3RoR % H 3 i w5 R s v X Gz

*q:lO _FIEJO

Note: + indicates that the species appears in the seagrass bed in this month, * indicates that the species appears in the bare
sand area in this month, — indicates that there is no species in the seagrass bed or bare sand area in this month. The same as below.

Br [ 3 %5FK Seagrass bed
[ #YP X Bare sand area

a
a
20
b
15 b
¢ be
10F ¢
c
0
2H 5H 8H

114

November

RN

Number of phytoplankton species

February May August

P2 KA I B PR e AR AR VD X
BRIk /RS GhlNEg Y e
Fig.2 Spatial-temporal variation of phytoplankton species in
seagrass bed and its adjacent bare sand area of Swan Lake

WAL IR, 1R R S5 RV X PR iR ) -F
S B SN, BN ZAGFE—ERES
(B 3), M E R SV X IR F I S A&
T H A A 7 (P<0.05), 451K 9.06x10* cells/m” #il
6.12x10* cells/m’, b 2 H P IFAEY) F /Y 3.4 551 2.4
Yo 5 AR, WEKFIFEYEE EES THYKX
(P<0.05), JEHVPIXAY 1.5 % HAVRAA G, e
PRI Y E IR 3 T X 8, 13
Z R AW EP>0.05).

g 2r * I M ELJK Seagrass bed
g 10k [ 1 #7>X Bare sand area
5 a
M gt
# 8 a
£ '§ 6r b b
Be
2% 4 b ?
=g ¢ b
=
£ 0 ,
5 2H 5A 8A 114
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B3 SRS W9 PR S AR R VD X
[ERVZiR7/R NI bl N
Fig.3 Spatial-temporal variation of phytoplankton
abundance in seagrass bed and its adjacent
bare sand area of Swan Lake

232 FHUERHAAR PP LSRR
TP R A (). SHRE, MR RN X
P LA 5k 20 ) SR ik 3 1) (A W B AR 4S5 (Rhizosolenia
setigera) 35 [ f & ¥ (Chaetoceros vanheurckii), Y-
HJFE R 1.69%10* cells/m* Fl1.13x10* cells/m’, 7T
BRI SR A U e T L U E =Y

2.3.3 EEE L MAFAEIS FRER VD X (1 12 5] BE 4R
b, U R R AR YD DX WA IV 45 M AR R Bk
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R4 RBHEBERRESEIRIRZHENSE LABHEABEREENRZTEL
Tab.4 Spatial-temporal variation of the first dominant species and dominance index of
phytoplankton in seagrass bed and its adjacent bare sand area of Swan Lake

H 1y Month XI5, Area %5 1 Ji#Fh Dominant species 447 Average abundance/(x10* cells/m®) fi#4# Dominance
2 A TEEH R Seagrass bed ¥ ERIBIfi 3 C. granii 0.50 0.21
February #R7PIX Bare sand area ¥ [K[RIi%: C. granii 0.63 0.24
5H LK Seagrass bed NIEAREHE R. setigera 1.69 0.19
May VP IX Bare sand area  Ju KA TE: C. vanheurckii 1.13 0.18
8 A W EL R Seagrass bed HH S Pleurosigma spp. 1.06 0.22
August  #RVPIX Bare sand area  JEIKA BB C. vanheurckii 1.01 0.31
11 A MEELIR Seagrass bed FlE 2 S, costatum 0.56 0.11
November #VP[X Bare sand area  RG#E N. scintillans 0.43 0.11
F 5 RBWBERRELDEFDXKFFEDEEHERINN S TR ELIREE)
Tab.5 Spatial-temporal variation of phytoplankton community parameters in seagrass bed and
its adjacent bare sand area of Swan Lake (Mean+SD)
FEVRRFAIE 46 % XI5k 2 A 5H 8 A 11 A [N
Community parameters Area February May August November Average
EASR i MFE K Seagrass bed 1.9+0.1° 2.0+0.1° 1.8+0.1° 2.740.2° 2.1£0.4
Diversity index (H) ~ #yb[X Bare sand area  2.0+0.1° 2.1£0.1° 1.7+0.3° 2.8+0.1° 2.120.5
YIS R EL M HPK Seagrass bed 0.9+0.0° 0.8+0.0° 1.0+0.1° 0.9+0.0° 0.9£0.0
Evenness index () VP IX Bare sand area 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0
FHERE HF PR Seagrass bed 4.9+0.3° 4.4+0.3° 4.2+0.2° 11.4+0.3° 6.242.6
Richness index (D) #yPIX Bare sand area  5.240.4° 5.2+0.3 4.7+0.3° 14.0£0.5"  7.3%£3.2

P AR 5). Hith, DI Z eSS
BORE & BAREEE 11 ARBlRsE, &8 Hikgl
S AT, T B DR VR VA A i 1050 BE R B AE 5 H 3k
Bl e ARAH o TR B PR RN YD DX 2 [ 07 i A 0 A Vo 45 H)
TEFEE ) 22 A, e 11 H, BRYP XA
F & B 2 = T R R (P<0.05).

234 RHALIREAET X F G SR i R
RS DO AR A oM 5 3 55 I 1 i 17 CCA 43
Br, Nl 4 fros . o, B RIF A Y REVR T 2
HEP A RRAE(E S 0.849 1 0.673, X4 A5 & 14 ff
FEIEIR 72%. HIIE] 4a WAL, 500 VR RE DR IF i A )
AR EZE R R K . B8R R R AE
HA EC B ¥ (Coscinodiscus  granii) . NI BARE # %
ZHARHEFHiX 3 A HFRINIEAH K,

PRV DX Uit A 0 7 10 24 HE T il ) SRR AR 1R R
0.8257F10.719, Xf Wb A% & f) fifp Bf it 38 74%. Hi Kl4b
AT, 5% M R DX iR AP 0 R Ve 45 4 1) 32 B PR 2R R K
mAMER, HIEKAER. 55 (Synedra spp.). &
63 (Noctiluca scintillans)35 K Z 8L #Fh 5 X2
FRINIEAHR

2.4 FEThE RSN
241 FrEMmAFE T 5 o o PR N LA T

Vb X e S RS ) 18 AL 4l 3 2K(3K 6), Hirh,
77U sh ) AR & B s 1T (Cnidaria)(1 #), H
eI 1 (Crustacea)(FE £ 35 10 Flt, Fif2e 3 Ff, i
JEZE 1 AP, 5 1 Fh), B ] (Cheaetognatha)
(1 Fhy. BZRsh¥ I 1(Urochordata)(1 Fl), 1FiFsh¥)fh
BB B AL, B RR AR XA 11
Ak KE, B& T HAMA MR (P<0.05); HXZ
6] 77 Ui sh W Fh 2850 22 ORI, XAE 2 A I, I ER
T 30 I Rl 2500 3 5 TR IX(P<0.05) (A1 5).
AL R WoR , RS Y X R sh i £
B NEN AL, HWXZRFE—ERES
(B 6). WEIRIEWFIY)FEIELE 2 ARSRmEE, N
2.88x10* ind./m’, J& 8 H g R IRIFHF s £ 14.5
s R X TR EENE 5 HRBiR M E, N
2.14x10* ind./m’, J& 8 H#V X PRIFsh 4 £ FE 1 10.2
o 2 AW, WERIFIYEERES THRD X
(P<0.05), RV IXIFEWESY £ (1.25%10* ind./m’)
1) 2.2 4% HAH Gy, WRIRNTEIE Y EE IR & T
WYX P sh Y £, (B X 22 3K .35 (P>0.05).,
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Fig.4 CCA ordination of phytoplankton dominant species and associated environment
factors in seagrass bed (a) and its adjacent bare sand area (b) of Swan Lake

1: /NERIREHEEE D, fibula; 2: RIRMATLEE C castracanei; 3: 25BUNKEEE C. striata; 4. A& KR 7% C. granii;
5: WIBAREEE R. delicatula; 6: JEIRMATEE C. vanheurckiiy 7. KUGFTBEE T. longissimi; 8: £ T3 Synedra spp.;
9: FIEMIEE L. danicus; 10: BGCHEE N. scintillans; 11: $E55 % C. radiatus; 12: MRS C. oculus-iridis;
13: [Efi¥ Coscinodiscaceae sp.; 14: FIE 23 S. costatum; 15: FFILATUE C. decipiens; 16: FHHE#E Navicula spp.;
17: ZREGAREEE R. delicatula; 18: WFEEHE Thalassiosira sp.; 19: KIHEREE P sol; 20: BEIRIATSE C. jonesianus;
21: iS5 Pleurosigma spp.; 22: ELAEWARLEE B. sulcate; 23: ZZJU 3 Nitzschia sp.; 24: TR EILEE B. greville; 25: F1FLifi5E
¥ T decipens; 26: =fAfA% C. tripos; 27: IR T C. eibenii; 28: ZZFFJLNH: G delicatula; 29: % KA T C. lauderi
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Fig.5 Spatial-temporal variation of zooplankton species in  Fig.6  Spatial-temporal variation of zooplankton abundance in
seagrass bed and its adjacent bare sand area of Swan Lake seagrass bed and its adjacent bare sand area of Swan Lake

242 % 1 RHBFPAR WA R AR Y 243 BB S MAFAEIGHK T L DR AR D DX 1 7
KIFWEsh s 1 RHF R RN U KR BEsh TS S5 A R IE 48 B B AR W] i 5 A8 4k, an
(Paracalanus parvus), LFEERAHEEWFRML, ¥ £ 8 Pin, Hi, ZHMEIEERFEEEREEIE 1
VIR T 5 AR, 0908 1.87x10% ind/m® A iAFH e E, M) BEIsEONLE 5 A ik PR KME.
A1 1.75%10% ind./m’, & 8 A FHEERY 25.9 551 29.2 WX Z MBS RRIEfe B s A e, AN 2 A B, g5
(G 7)o PXZE/MIFIKFBWEZELEA —EE IRIFENYFEE ISR E S TR X (P<0.05).

So 2 AR, WER/ANUIT K ZFHEEA06x 244 RBEFLIRFBE TG LR 43 390 Xk g R R
10* ind./m’y A ERVP X 2.1 %5 HATREA G, WX AR XFish P it 8 m S8 B3 K FiE4T RDA 43
ZIH2E AR Br, i 7 frs . Hob, MR RIE S I ET 2 A HEF
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Tab.6 List of zooplankton species in seagrass bed and its adjacent bare sand area of Swan Lake
JF%5 Code 4 Species 2 H February 5 H May 8 H August 11 A November
FINLBIT] Cnidaria
JK 187K BE TV 4X Hydromedusae
1 VUL & K+ Proboscidactyla flavicirrata —/— —/— —/* —/—
BT Arthropoda
ke 2 Copepoda
2 WK & Pseudodiaptomus marinus —/— —/— —/— +/*
3 KBBVFIK % Schmakeria poplesia —/— —/— —/— +/*
4 Y [C Y ER /K Acartia clausi —/— —/— —/— +/*
5 Mi/K & Harpacticoida sp. +/* —/* —/— —/—
6 WU 95 5 7K 2 Acartia bipinnata —/— —/— —/—- +/*
7 KL kK 3 Acartia pacifica —/— —/— —/— +/*
8 K- H 55K & Eurytemora pacifica —/— +/* +/* —/—
9 MIGAEHT K Sinocalanus tenellus —/— —/— +/* +/*
10 /N KB Paracalanus parvus +/* +/* +/* +/*
11 rhAe K& Calanus sinicus +/* +/* +/* +/*
1% ff2% Cladocera
12 AEJE = A& Evadne tergestina /- —/— —/— +/*
13 5,85:933L % Penilia avirostris +/— /- +/* +/*
14 W K =M% Evadne nordmanni —/- —/- —/— +/*
%it /£ H Amphipoda
15 M IR Theisto gracilipes (Norman) +/— +/% +/* —/-
fiffl /£ 2% Branchiopoda
16 i i Artemia salina (Linnaeus) —/- —/- —/— +/%
ES Y] Cheaetognatha
17 HOH-ET L Sagitta crassa +/* +/* —/— +/*
FE&sh#¥1] Urochordata
18 KB E%E I Oikopleura longicauda —/- —/- —/— +/*
IFIF4 HL Pelagic larvae
19 £ £ 411k Polychaet larvae —/— —/— —/— +/*
20 I8 2 2541k Gastropod larvae /- +/* +/* /-
21 WFEZE 41 Bivalve larvae —/- —/- —/- +/%
R7T REBHBERREMERDRZRIDE L ABMRABEEYAHTE
Tab.7 Spatial-temporal variation of the first dominant species and dominance index of
zooplankton in seagrass bed and its adjacent bare sand area of Swan Lake
b ik 1 fL s FmE T
Month Area Dominant species Average abundance /(x10 ind./m?) Dominance
2 H February WF IR Seagrass bed INUAT K P parvus 1.06 0.37
#RYP X Bare sand area /MUK P parvus 0.51 0.40
5 H May 15K Seagrass bed INUFTIKFE P, parvus 1.81 0.85
#VPIX Bare sand area /MUK EF P parvus 1.75 0.70
8 H August M HPK Seagrass bed INUFT K% P. parvus 0.07 0.31
#YP X Bare sand area INUFT K% P, parvus 0.06 0.37
11 ;] November %K Seagrass bed INIFF K P parvus 0.17 0.25
#RYP X Bare sand area /MU K P parvus 0.18 0.25
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WAVERIE(E A 0.58 F1 0.27, Y)FpAs & pY i B ik
91%, Kl 7a IR, 500K PR S VD IE 7K 454
W FEE N KR B8 R R E R, H 5%
R 3k & (Penilia avirostris) . K F ¥ H 58 /K &
(Eurytemora pacifica) . 2 X5 & ¥ /K & (Sinocalanus

tenellus)EHEFIHIX 3 ASHFRIEAHK,

PO IXPREsh s 2 A HEF R RRIE(E R 0.61
H10.24, XFPpFpAZS B YAl B B Gk 94%. HIIEL 7o AT,
SRRV X IR sh ) REVR 45 M) E RN E N pH. &
A K, HEZRLE, KV HEAETEKE, 4i154E
YK T M TE R YK T (Acartia clausi) S EF 5 X
BEPREE KPR Bk A G
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Tab.8 Spatial-temporal variation of zooplankton Community parameters in seagrass bed and
its adjacent bare sand area of Swan Lake (Mean+SD)

THEVE R AE$E X 35k 2 A 5H 8 H 11 A fH
Community parameters Area February May August November Average
LREVEFERL TR Seagrass bed 1.5+0.1° 1.0+0.2° 1.9+0.1° 2.5+0.1° 1.7+0.1
Diversity index (H") VP X Bare sand area 1.240.1° 1.3+0.1° 2.0+0.1° 2.6+0.0° 1.8+0.1
/5] REHE R 1 HIR Seagrass bed 1.0+0.0° 0.7+0.1° 1.0+0.0° 1.0+0.0° 0.9+0.2
Evenness index (/) MUV IX Bare sand area 1.0+0.0° 0.7+0.0° 1.0£0.0* 1.0+0.0° 0.9£0.1
ER AL T4 5K Seagrass bed 1.8+0.2*"  2.5+0.1° 27403  4.5+0.3° 2.840.2
Richness index (D) #UPIX Bare sand area 1.3£0.3¢ 2.8+0.4° 3.0+0.4° 4.9+0.2° 3.0£0.3
_1 - 71 -
a BODs po- b BOD;
3 A DO
45 A
4
3
NH;-N 24
14 ol N
g /]
p 1042 14 6h
Salinity 2 COD
coD N , POi-P A Ag Salinity PO}-P
1,10 Y /4
A 7
67)8]i  fa NHi-N
B3
Biomass wr
1t DensityWT 1 1k 1

1

-1 1

K7 KRG RDIR (a) S AR AR VD X (b) i 3 W U 55 5 21558 5 79 RDA IR
Fig.7 RDA ordination of zooplankton dominant species and associated environment factors in
seagrass bed (a) and its adjacent bare sand area (b) of Swan Lake

1: /INUE KK P parvus; 2: 58HEETHL S, crassa; 3: WA IKF C. sinicus; 4: Jfi/K & Harpacticoida sp.;
5: WMEKIMEF T gracilipes; 6: 18 R 241K Gastropod larvae; 7: S22k 1% P. avirostris; 8: KF-VFEHE Ta/K & E. pacifica;
9: 4NIGTEYTIK K S. tenellus; 10: 7[R YRR & A. clausi; 11: KFEFEYEIKF A. pacifica; 12: WEHEPEEIK & P. marinus;
13: KBRVF/K K S. poplesia; 14: KJEBFEZEH O. longicauda
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R T8 90 1 DR B FL AR 3 R VD DX TR T AR A S 2
55 28 B S S Ve S VA A KO R] , AR )
MR 3, wEEe S AL Ol EE5F, 2019). TEE
LA = 3 A T DX 3R 3 A ] 249 A4, ik 3

EfE, BERZ, &5, 746, Ry e
MZENTEFRTEMES, MIREE 11 AR,
HENYR B MERFEZREN, SEEYZ M
BORMEEERETE 11 HRETE . EYErER
F14) v AV S W A W B 8 5 4 T S AR R B, 3 S UK
o, BETE A 2, 6 A Y S I RO N D e, B
& B S5 A AR e (EHAE 4, 2010). KISWIIFUFAEY)
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B AR SRR R I B PR K AR AT R D DI I A 0 ) N s AR AR 21

ZREHEAREE 1.7~2.8 Z 0], B EHREE 0.8~1.0
Z[8], Ab TR O O A W A R AR 2 Y, U
Y R 368 00 3o i 1 P A s A T R AR E B RS (2 AR
55,2010, FEEARE, 2009),

KA v R PR B SR I BRD TR i s W D S 21
B PAE AR ER B PRI EK /(P marinus) FRF-
WHSEKZFIMT M\ HRERF(PETKE
(C. sinicus)H/NMUFT K ZIME . TR sh ) FEEL
HEDERTEKSE, i, KFEFTIFENYEE
AR R LSRN K & AR AR TR R
A AR = B ALY, T SRR Y PR i sl A o AR AT ]
A B B T Y ) FR BT S A S (XN 4%, 2013), I
T s AP BN BURAR U 11 H>8 H>5 H>2 1,
FFE IR R R G R E | FEARR DN
— MR AR BASE, 2013), ARBFSEE B, /MUK
A SHCH AT AT R AR PO 3 O KRG T Y FE B A
505 BT 45 (2003 7 TEAE 0 103 4 S5 ST 962
B IR S A 2B 7E 11 A Jem B AR
FEZESB/N, S5 11 ALY BN 5
TRECR E T o WA EERREONTE 5 A &k, XATReEE
BT 5 /NI K8 AL 5 IR BV IX 5 48 4 XA
B, RBSEES B 0.85 F10.70, FRIFESIMIFAEL T
B, SIS BB,

32 FREVMBETUNERESREER

TR YRR 25 2 R N R 2R A3, BLTE
AN 7K A T PR R o) 0 S R A A 25 5 (%5
(QO21) X R TE IR IFAE Y A R B, A2 TR
YR SRR ARG, BREKRSL, BRI 5
PRERSEIEARIC . B 1 T2 55 (2019)0) 5 AL 1+ 57 A 1 4k
TRUFRE Y (0 I8 A B, I WEAE DI VR S5 1 2 v
. BERRER . BREh . IRJEA pH SRR . AT
FERIL, WG RVF AR P O 34D 2 5K L 68
PR A DA G, R X PRI S £
KR SRR o T B B B A A K Y
B, LHAERFR, MRt 5 A KRR . R
R, FTHAERIER, RHESWAEY
(Lavery et al, 2002)., fi B8 i 5% Bt ] LLSE 23 2l A8 7K
T RSk R 5 e U A ) ) R K & B (Maucha,
1942),

ARG I AL TP A LK, ], R,
TR X5 A2 ) RS VB, 2 R A PR VAR o 28 2 A=
B T (IRZBIR %, 2012), G e T 7E R
BEMAKEPAEK, REREHEFMT 18T
(Wasmund et al, 2011), AHBF5E LB, wEE3TTHIFET 5

FLilhy 89%, HR#SWI 5 A F¥IKIEHR 15°C, AH
TREBE R B, nTRE R IFIFEY FREAE 5 A R85
FAEM EZ A BN EE AR, BEE A
HJERR BE BT, VR AR W A W R 2 1
(Alcoverro et al, 1997; Lepoint et al, 1999), Kitt, &
JE 55 0] R FH DG B AH B 45 A AR KRR B b 52w 3 ¥ R R
TRWEAR ) B ARG o AU PR AR ) 2B K s 1) E BB R
JLE, WRRFICE Ma er al, 2013), GRAE N —Fl
EEMRI, TE AR YD IR IEAT ) i A 4 B
XA RESE 1 T2 A Re BRI e R (R R
B Bk T IR A ) A 2 (Balode et al, 1998; Strom et al,
2009), AWFFEH, BV X R G SRR S J A
HERIEADC, TN X S A e A A A

AWFTE R B, W IR IF U S ) L R 22 50K
W& B AR FE AR Y ARG, D IR S A
PR FEEE pH., AAFKIRAZE, FHi, KiEEX
EWENIFHE S AP E B B SN+, FEPRE
B, KR RSS2 0 I i Sl AL . BT BRI R
R KT USCETE T, AT 52w H = B AR DL S
& L5 I 534 (Lenz et al, 2005; Devreker et al, 2005;
R, 2015); FAN, R YT TS Y B A
KBRS ERE , 7K R A AT 3 A 5 e P A A A 2 A
= B I I ek AR I Ui Sl A Bl 2R SR B (SO AR
2021), G EPEFEX RIS BA B, X2
PR TV 0 DR ) A AR R AR 2 i 2 (B 454, s/ 1 7K
M A s, AR EE T IR (Lo er al,
2020), KB HI S5 WS e HERTFUIR,, 5k E R
J— [FIAE R 7 Wik 3 0 1 1 T B 0 % U (Roman. et al,
1983; Fonseca ef al, 1986, 2007; Thresher et al, 1992),
(1107 N - A et S SN OB | ooy il e
PEYIT, 23 LA A DL (DOC) Y TE B TU#E A K A4
HUURY, IHEMEWIMERT, DOC 15 LIt iif
¥y Br F) F (Vichkovitten et al, 2004; Lavery et al,
2013; sKBASE4E, 2018), L, MR RE Jm P
B R AT S, . Bl . B8 B IR B R 5 R VR B W
R B BV XA B T R IE Ao B i
Wy 0y A= A R TR I D B0 A 7 A ] 4 5 e (X 8E A
2021) XIHH 55 (2019) % 2 LT 7 W3 7 e sl P e s 0
17T RDA F3Hr A 80, pH J2 26 1 HEFP 4l 82 20 57RO i)
K, PRI IR s 5 5 1 RDA 945
REHN—3
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AWK [ B AR S R E R AR Y [ 5 (Allen,
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(Kimmerer et al, 1985; Fonseca et al, 2007; Lo et al,
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Spatial-Temporal Variation of Characteristics of Plankton in a Seagrass Bed
and an Adjacent Area of Bare Sand in Swan L ake, Rongcheng, China
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Abstract Seagrass beds are a typical coastal ecosystem. To understand the temporal and spatial
variation characteristics of the plankton community structure in a Zostera marina seagrass bed and an
adjacent area of bare sand in Swan Lake, Rongcheng City, Shandong Province, an investigation of
plankton diversity and abundance, ecological characteristics of the seagrass bed, and key environmental
factors in the Z. marina seagrass bed and its adjacent bare sand area was conducted in February, May,
August, and November in 2019. Canonical correspondence analysis (CCA) and redundancy analysis
(RDA) were used to explore the influence of environmental factors on the diversity of plankton species.
The results showed that there were 38 species of phytoplankton, belonging to 25 genera and three phyla,
among which diatom species were the most abundant (89.4%), followed by dinoflagellates (7.8%). A total
of 18 species of zooplankton and three species of larvae were identified (mainly crustaceans: 71.4%), and
the number of plankton species was the highest in November. The annual average abundance of
phytoplankton and zooplankton in the seagrass bed was 5.4% 10* cells/m® and 1.6x10* ind./m’, respectively,
which were 1.4 times and 1.5 times higher than those in the bare sand area. The CCA and RDA analyses
showed that the dominant plankton species in the seagrass bed were significantly correlated with water
temperature, plant density, and biomass of seagrass beds, while the dominant plankton species in the bare
sand area were mainly correlated with environmental factors such as water temperature, pH value, and
ammonia nitrogen content. The results showed that the seagrass bed in Swan Lake supported a higher
abundance and diversity of plankton compared with the bare sand area. This study provides baseline data
for further elucidating the structure and function of the seagrass bed ecosystem.

Key words Seagrass bed; Phytoplankton; Zooplankton; Community structure; Environmental factors;
Swan Lake
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