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Abstract

We classified the zooplankton functional groups in a freshwater ecosystem, the Taihu national
wetland park, to determine the structure of zooplankton function group and the influence of water
environment factors. In the summer of 2018 (August), zooplankton sampling was carried out at 11
sampling sites to systematically analyze the composition characteristics of functional groups of
zooplankton. The results show that: The zooplankton functional groups in Taihu national wetland
park are divided into 7 functional groups: RF, PF, SCF, MCF, LCF, MCC and LCC. Among them, the
functional group RF dominates. Pearson correlation analysis and RDA multivariate statistical
analysis showed that: Interaction of zooplankton functional groups and water environmental fac-
tors are the main factors affecting zooplankton functional groups in Taihu national wetland park.
Due to food competition and predation, SCF, LCF, MCF, MCC and LCC functional groups have signif-
icant correlation, while RF and PF functional groups have no significant correlation. PH and NO3;--N
were positively correlated with functional groups of zooplankton, TN and COD¢- were negatively
correlated with functional groups of zooplankton. There was no significant correlation between
other water environmental factors and zooplankton functional groups. Interspecific competition
and upward effect of phytoplankton are the main factors affecting the structure and biomass of
phytoplankton functional groups in marsh wetland in cold region.
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HERFH=E—EEWH. HTAERYRESFMB /IR, SCF. LCF. MCF. MCCRILCCHIREREAF
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1. 5|

T KA A E BRIy, RKESRAREMEERE . FHE N RRKERED
B EE I, TERREALIE . VRIER G R A EEAE L. A FEFSE BRI S0 K IR
IR S A ES, HBFEEWEE . W% DL RS P8 /mFh 84 SRR AL KR I8 77K F[2], F
VIR R AR ARG A= I EhAAR, 2 BEE I BN RS RA BN, WX ISy g 4
PEHE MR TRE TR EEMOAE, SRR S IIRE . LAk, KGR HBME, Kk
BEFNEKIBAER A SR, MR R B R =, AR ar s, 25
SO RS, M KIRBOIR G, RS EA DL A e B, AR AT LR IR B MR G54 S5 Th e
PIARA b, PRI AR AR 24 P s A R AN T BROBR B 2L . AL SR 72 77 2 A R G 0 R N Bl
WRIEAR S E GG K AL L o0 NI R VR BN IR B N fa S S K 2RHE, DA oy s AT I A
DU SLK R AN A= P 22 R, AH IR b 77 ¥ AT e 2 7206 A ) v SRR N IR AN TR R RO, 3
PAR KA AE IR A E S RGP BRI A S ThEE[3], K Reynold et al. (2002)42 H! T ThEERERINE S,
WAV SR B ISR HORe e, Hoh I ARE B A RS N R B R ([3], AT DATE B4
b S AR AS RS R K AR AE BRI AR A I R, IR AR MRKAE S R LA Z AR B4, A
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(7 3t DR A AR B IR R BB A R R R, R A IS R A A A BB SR AL VR 7, T LA
i AT 2 BT FUE S RGTIREST T — 2 MEEAE[S] [6] [7]. HET, EMNXI/KAESRGIIRERFHIBT
TG T MBI, T O% I s DO RERE AW FEAR X, HL R B il
BRG], M THARAES R sV ShRERF AR 7 LLE AT /b

ZRI B AR A Bl 7 T R T A T TR /R 2R BRI, AMEE AT, R RETE N AEAZ
WEERIRIX . A RATE R A Pl 2 — o ZERIMB VTR, ZHIRUAL TICRES, MK, J57K. bR
KA TR HEB R 5, —ELRASK, Z8WIRLR 28R AE TS KM Tk R 2 947K K. 20 HHE4D 90 KT, %
HIEAR) VoK EIEHSGEANZRY], SEOLS Y E, G480 BEi G, KRR T — ek . ITHERH
ThRBELA A E, SR AT A B TV R WPRIRSS X, TR TR ARIUH , AEZRTE 23 ] 32 3
NN TPAWINE, HAFMATIRIX, A ERrE2 20Kk A O RiEsl. A5 KI# . 22258531
PR, KRBT AT AFE S (PRAS o ASCUAZRIHEHON B, WHZR KA RGIFI S I RERREA TR 9
i, AR THE PR D RERF IS5 H BOKIAEE, ONZRIHE KR KBRS E W

2. M5 %
21 RELSEE

T 2018 4 8 F X 2 [E SRR 4 bl 11 AR AT B AME R, WA L B, SRAE R B SR D
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Figure 1. Map showing sampling locations in the Taihu national wetland park
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BERKARI L . FERAIKEE 20 L, SAJEH 13 SR BEMRAR, SEZIINN 4% AR ) IS AT
2. (EENFHE48h G, KAWL LG, K452 30 mL. JEAZh¥E &5 0.1 mL AT
FOHEYE e N A i 4G e e I L mL FVRIEsh 0 EOHEYE e N A v B, R A SRR 2R T
TEBNPITHBNELE B TSRO, AR (R AP IR H AR [10]. (R ERAKE REY [11].
(HEZMIEY (BB (12180 CREZMWIE) (R [1BREEFAESY. I BAmIHm
B, HARNEG R R AR, BRI AR A Al A . A B ) AR 9]

PR ORBEI AT 7720 (B8 4 W) (B XA R mZE e, 2002)FH K E X BRAL TR bR pH. S IR EE
(TN). EBERE(TP). EAZ(NH; -N). AR (NO;-N). fh2: % & (CODe). 5 HAL T % & (BODs)
BEAT AT, Horb, pH. S EUREE . IHAZEIREEFRIH YSI-6600 £ DyRe /K /- T iimil e, 455
FERE 72 g8 B N IR R D7 AT H AR B AL R AR (A I o 1) X e b PR 0 B 5 SR 4 TR K BUIR
T, 45T I B ] 5 L 2 el U N 3 AN SRR 7K TR AE
2.3. BRI RERERI 5

W 1 s, ARAE VRIS R A KA SIMESE, W OK A3 RIS R 43 9 10 AN D RE A
JRAESYIERH PR, S PC. S B RF. R i€ RC. N3 Y1IE & & SCF.
INRUSEIREN I & SCC. AR IE & H MCF. ARSI s &% MCC. KA sh e &
H LCF AR B 2Pl £ LCC [14].

Table 1. Descriptor zooplankton functional groups in freshwater ecosystem

= L ORKRERIIThRER 2 3¢

DIhEH 455 K/hmm [y -k
Functional groups Abbreviation  Size Feeding habits
RAESIIE . o o K N
Protozoas filter feeders PF UERCH, DA SSATHLI A T
JRAESh I s . \ s
Protozoas carnivora PC et UARRESIA R
BHRERHE e . A A ] e
Rotifers filter feeders RF UETCE, DAAIE . BB &
e s 4 , ~ A ] o i A S
Rotifers carnivora RC e, CERAS. ot RN R NS
NSRS e B o , s I g S
Small copepods and claocera filter feeders SCF <07 UEECH, DA R AHURAIR R Pt
INBLE S B . . , - o RN
Small copepods and claocera carnivora sce <07 EE, DR RO SUEH RAGEEE RS R
S RpIEPER i LY i e . s - AN
Middle copepods and claocera filter feeders MCF 0.7-15 UERCH, DA R AHURAR AR
Middle o BRI B MCC  07-15 ffife#, bies, Fefid. X0l H R (R ) MEER N &
iddle copepods and claocera carnivora
BTG £ LCF  >15 BERH, AN, W AR RS
arge copepods filter feeders
PN ST i e

Large copenods aarmivora LCC >L5  dfiifrd, bibr, i U A RIRGRR) R RHEAN A

2.4, BIESHT

BT loglo(x + 1)/ THALEIEATE, ([F2 FEaTIESS A, /)5 KF Pearson A2 T HIF 5 AN BV
WS T RETE 2 0] A AR B4R A R L Rl KRS IR T 11 9% &« KA Canoco for windows 4.5 #4147 DCA 43
Mr, 5t SD /T 3 (SD =1.915), AL XF 00 B0 FAH 34853 K7 # i #E 47 RDA 2 #H7[15] .

DOI: 10.12677/aep.2019.92027 182 SR AT T


https://doi.org/10.12677/aep.2019.92027

BT 4%

3. &R
3.1. FHESE M EE K EEIFE

e 2. 323 fw, ATH CHBTH KRS SARuE) 5 K BbRE, AU A AR A R e vV
FOKBRAERITRNR, #NE V HKe ZRIIE SR A K BAFAE R G A. NO; -N FRARFIAASRAE f 4
NV EKH VR, ZFRGL UK NO; -N S &8, Bk PP A S5 NH, -N f5h5
LR WAEES V ROREL WK KRR E T M T RZMAL A ROV R, A tf
—HREAR I Z SO T IR RO A E TN SRR BT KA S V IS V K, MK ,
KB B & BB KRR, TReR SBUKMR SRR NER, thh, ZREHHERTE KR FriA

“rpgK” ORI E AT KT AR AR R R . TP 4BARFLE 3 MREF NS V ORI, TP KPR &,
iR TN IREZ, ULIIZRIIK AR B IR LR R . A BRAE mUKRE pH (B R, (L RAF mUKEE
pH {E7E UK bRE) ZORVEEA, HACRPERUKFE pH 2ffm 20K IR, Bk, K
A pH By F] BE S KR S B TR 5% KEHEREAT G RF SRR AR T 1 CO,, KA pH BT R

Table 2. Water quality evaluation standard table

2. IKBUTNFRESR

) Iy Rt
PN T
| 1] 11 v \Y
pH 6~9
NH; -N (mg/L) 0.15 05 1 15 2
NO; -N (ug/L) 0.05 0.1 0.2 0.4 0.6
TN (mg/L) 0.2 05 1 1.5 2
TP (mg/L) 0.02 0.05 0.1 0.15 0.2
COD¢ (Mg/L) 15 15 20 30 40
BODs 3 3 4 6 10
Table 3. Water quality measurements of Taihu national wetland park
% 3. THEREHAEKRMNELER
KA pH NH; -N (mg/L) NO, N (ug/L) TN (mg/L) TP (mg/L)  CODg (mg/L) BODs (mg/L)
#1 9.01 0.802 0.614 5.264 0.244 37 11
#2 9.41 0.455 0.647 4.942 0.107 21 0.2
#3 9.5 0.314 0.726 3.960 0.113 1 0.5
#4 9.52 0.291 0.752 4.893 0.106 1 11
#5 9.52 0.274 0.785 4.718 0.082 1 25
#6 9.38 0.291 0.71 4511 0.106 33 1.9
#7 9.43 0.264 0.746 5.024 0.075 2 2.1
#3 9.46 0.260 0.716 4,729 0.084 1 1.6
#9 9.52 0.226 0.855 4.620 0.094 1 3.8
#10 9.32 0.221 0.737 4.831 0.081 2 2.7
#11 8.26 0.457 0.525 5.504 0.327 1 2.2
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3.2. RHEZEM L EE F Rt sEaEk o

FEZRW E AR ] 11 ASREE rp, R R AEZIY) 7 )% 10 Fh, %6 di 14 & 26 Ff, BiAK S5 R
9 Fh, BEARSKS R T A, BT 3L 52 . Wk 4 P, BRAKIURAESMIA & PCy R & RC
AN S fr % SCC, BRI ILRI > 7 AN TIRERE. anl&l 2 P, s AW o0 A vl A28 1 5 g
A EZ=FRESYI L, RF DReRE 7 & 5.

Table 4. Descriptor of zooplankton functional groups in Taihu national wetland park

4. THEZTH A EIF T REE

YFh Species [12% Class Thie#E Functional groups

MR DY i ey Tetrahymena rostrata Kahl JRAE 3% Protozoa PF
FUT DU JiE Tetrahymena pyriformis (Her.) JRAEEhY) Protozoa PF
ISiA e Cyclidium citrullus Cohn JRAE5h¥) Protozoa PF
BHEELE Cyclidium muscicola Kahl JR A= Zh%) Protozoa PF
LS Cyclidium flagellatum Kahl JRAE Zh4) Protozoa PF
AN Vorticella microstoma Ehrenberg JR 454 Protozoa PF
2 Vorticella campanula Ehrenberg J5 4= 5% Protozoa PF
ESIA IV Stentor multimormis (O.F.Muller) J A=) ¥ Protozoa PF
S8 Strombidium viride Stein R4 54 Protozoa PF
Jirg [l 15 | Strobilidium gyrans Stokes JR 4= 5h%) Protozoa PF
WAL B Tintinnopsis lacustris Entz JRAEZY) Protozoa PF
HE 7K H Epiphanes senta O.F.Muller # i Rotifera RF
T4 BB A Colurella adriatica Ehrenberg 4 th Rotifera RF
B H S Colurella obtusa (Gosse) % i Rotifera RF
TR R i Brachionus urceus Linnaeus % d Rotifera RF
BV RS B Brachionus calyciflorus Pallas % H Rotifera RF
I R B Brachionus leydigi Cohn 4 H Rotifera RF
R R Brachionus diversicornis Daday #: h Rotifera RF
T T R Brachionus quadridentatus # 1 Rotifera RF
it JhE e AR Keratella valga Linnaeus # H Rotifera RF
R R Keratella quadrata Muller # d1 Rotifera RF
PR I H Nothoca squamula (O.P.Muller) # . Rotifera RF
I8 FR s e Lacane nodosa Hauer 1 Rotifera RF
RIS ® Lecane luna O.F.Muller 4 i Rotifera RF
TR s e B Lecane ungulata # . Rotifera RF
JERIZE R et Monostyla lunaris Ehrenberg 4 H Rotifera RF
€N Monostyla bulla Gosse i Rotifera RF
SRk Bk FS Monodtyla unguitata Schmarda # i Rotifera RF
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Continued
BN R Monostyla puriformis # i Rotifera RF
FRME L% h Cephalodella sterea (Gosse) & H Rotifera RF
G TCAR R H Ascomorpha ovalis Bergebdal % th Rotifera RF
/NS R A Trichicerca pusilla % 1 Rotifera RF
X iR R e Diurella stylata it Rotifera RF
R [R] e e i Diurella bedens Lucks ¢t Rotifera RF
BT iR 2 JBe Polyarthra trigla Ehrenberg # th Rotifera RF
K=k H Filinia longiseta Ehrenberg # i Rotifera RF
I Testudinella Mucronta (Gosse) 4 i Rotifera RF
FLR TR Diaphanosoma brachyurum (Lieven) ¥ /1% Cladocera MCF
KI5k Diaphanosoma leuchtenbergianum Fis ¥ f43% Cladocera MCF
it Daphnia magna Straus i f12% Cladocera LCF
FE W Daphnia hyaline K #f12% Cladocera LCF
K% Daphnia longispina ¥ f42% Cladocera LCF
ZAEARBR Simocephalus vetulus (Muller) ¥ #42% Cladocera LCF
TR IRBE Alona rectangula ¥ /1% Cladocera MCF
T TR Alona quadrangularis O.F.Muller i #1124 Cladocera MCF
[ ik o ok Chydorus sphaericus O.F.Muller i fh12% Cladocera SCF
IR IR Sinocalanus tenellus (Kikuchi) B2 /£ 2% Copepoda MCF
HEAR S 7K 2 Cyclops vicinus Uijanin 14 /235 Copepoda LCF
PG HBIKE Eucyclops serrulatus (Fischer) 2 /£ 2% Copepoda MCF
KA K% Sinodia ptomus sarsi (Rylov) 12 Copepoda LCC
2R8I K F Thermocyclops hyalinus (Rehberg) 1é 295 Copepoda MCC
LRSI K X Thermocyclops kawamurai Kikuchi 1% /£ 2% Copepoda mccC
16
14
% 12
E HLCC
ﬁ 10 B McCC
.S g M SCF
Eﬁ LCF
R 6 W MCF
H M RF
4 W PR
2 —
0 . . I - O e B = .

2# 3# a# 5# 6# 7#

8# o# 10#

11#

Figure 2. Distribution of zooplankton functional groups biomass in the Taihu national wetland park
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3.3. FHEEThEERNER X RARRSKHERFHXR

3.3.1. AEFHEITHREEEE R b ThREBE R K IR EEE FAY Pearson X534

M7 5. % 6 AT, ZeWIE OB A [ 2 2= &R s V) D s i AR R S oK R - AN B W] R
RN T sh Y IR RE S D Re R 0], WAFEECON B R ARSCHE, b ThERE RF S D)BERE PF
P EAEK .
Table 5. Significant Pearson correlation between the biomass of zooplankton functional groups and environmental variables

(n =45)
Fz 5. T[RRI seEEEK IMEE F Y Pearson &1 4341 (n = 45)

MCF PF LCF SCF MCC LcC
pH 0.342 -0.211 0.337 0.138 0.154 0.299
A (mg/L) -0.249 0.054 -0.407 -0.215 -0.218 -0.309
A% (ug/L) 0.351 -0.149 0.541 0.116 0.015 0.329
A Ak 7 4 B (/L) 0.134 0.188 0.517 0.106 -0.019 0.263
b2 75 S A (mg/L) 0.287 0.002 -0.312 0.179 0.274 -0.041
S (mg/L) -0.301 0.079 -0.361 —0.249 -0.209 -0.34
S (mglL) -0.149 0.19 -0.168 0.001 —0.243 -0.224

*1E 0.05 K FAI I **1E 0.01 /KPR ZFHK.

Table 6. Significant Pearson correlation between the biomass of zooplankton functional groups (n = 45)
= 6. TEIFE DI aeBEEH EF T sE 3R Pearson 03X 7347

LCF SCF PF RF MCF McCC LCC
LCF 1 -0.142 -0.146 -0.163 0.203 0.29 0.071
SCF -0.142 1 -0.248 -0.239 0.568 0.26 0.088
PF -0.146 —0.248 1 0.979™ -0.421 -0.215 -0.328
RF -0.163 -0.239 0.979” 1 -0.339 —0.244 -0.319
MCF 0.203 0.568 -0.421 -0.339 1 0.515 0.151
McC 0.29 0.26 -0.215 —0.244 0.515 1 0.451
Lcc 0.071 0.088 -0.328 -0.319 0.151 0.451 1

*7E 0.05 KFEFEHR; **1E 0.01 KT LEFEHR.

3.3.2. FilFaIThREREEIK I E FH0 RDA 474

WL 7 fiax, RDA SRR —H. 35 Rt 7 s Bt 7 Z2{H 1 29.6%, Fr A KIS BLAL A
TUAUERE T 29.6% 1 DIRefERIE R . Wil 3 fzr, fEH—Hh, TN (-0.3975) A8 F EFAAHKRH T, H
KNGS T BODs (—0.3086), IEAHSKIAT pH (0.2307) L AA B WA E; (E55 —Hh, NO,-N
(-0.6702) My EZFAH KA T, U IEAIKE T TP (0.5634), 1EFHIEHEF NH; -N (0.4870)th H A5 5%
RAHKME. pH FINO; -N [FISIF P R 2 IEAHDE, TN R CODc, [Fl #5770 sh Y Th RERE 2 6k O,
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FeKIASE 7 [FIPE i sh D R AN A W A OGE

Table 7. Redundancy analysis results for zooplankton functional groups
= 7. FiRENTNEERE RDA DTSR

M R ATt PR AT 1% PIRISREIHI AL 5 SR 17 09

. . - . . . . Cumulative percentage variance
Axes Eigenvalues Species-environment correlations Cumulative percentage variance of species data . . -
of species-environment relation

1 0295 0.544 29.5 99.8
2 0 0.951 29.6 99.9
3 0 0.551 29.6 100
4 0 0.509 29.6 100
© ™
o NH4+-N
TN

SC,

LC MeC

BODS5
NO3--N MCF

©
<

06 | | 06

Figure 3. Zooplankton functional groups-environment biplot RDA
[E 3. ZiFshIThRERE SIME R F RDA SN EE

4. g

BEIRE, IR Z R DL B S RERE B A0, SEKIRIRLRE . B 3REE . IR AT
RS 8 2K B )R AT SRR 1) 35 4 S DR B RI[16] [17], T 7E AR FRLE A M X, HG S S e IR T T
HER. R WREHX 2R RN, EMEH 2R, R AR RS, IR
AL T KA E SR P IE 8], BRI E A A AR ST I B AR AL BRI LR, DRI TE I e X 75 2%
W IR RN EERE, MARWIX, BRSNS AN, MRl
BN R TEIRHE DR T-[18]; 1M H AT T FE M5 Hb X Vi S0 i 5 B 2 0 AR L7 2 o 2R SR A R T
FEX AR, 2 RDA SMHT4E R, SBERUARUR B2 X i 3 Th R B 1 3 K FR B R 7, pH
RIS RR S W T R 2 IEAR G, AL T A S S sl M D BB 2 UM 06, L KR s
DT R e 2 Sh R B AR LA W S M6 . 2000 [ 500 A TRIME AR X, A0 PR3 52 305K 1 P R 3%
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B AEIES KB . ZRIZANTET IR, KA AL T AT BPIRES, KRR R Gy, Bk oK
R A B EA G, EEESRIEAT, K REALEMERENNHER, FHEA—HoE
KA TGO N IEFEAES R BFENKES, KERBSERKBANEH, 12 SBUKIEE S 2
ER A . BT SRR A K, B0 EAT RN, BT R s AR K
TP K8, G Em TNIREE, ULBAZRMIKAR S & IR R . B8R ERE KR ER R E
LA, THRERE RF BEr I8 VA, o m] 8 (40 B AR JE [19], DR L AE 8N RAE A Th e B A0 A 2 L34

H A N O V2 M E TR 1% K AR 2 R G0 R i s e (R A 72 [20] [21] [22], TidsliEshv)
[ (1A AR L UEE 4R J2 o AR TR AT 22 RDA 25 SRl 2 ANl R AR RE T AL T 98 1L X 1 29137 e 3 )
DIReHEARAL I 29.6%, 177 1 PR 55 [ 2075 0] #4s /K A B M A1 ) RDA W 7R 45 R R N 34.6%, X/ MERLE
ZE SRR B X FL g SR AR A, A U B AN OGRS S5 /K IR BE IR 7 = s i PR e sh ) Th Re A, Rl A oAtk
KR, SRS D) Re R 450 5 A AR AFAE G A v BRI [23], H54SC Pearson 734 R, i
SNV AR LA R A e] 564, At RN S V) DI Re B I — Ay B R R . sl xR sh ) T e
REIRI S, DIReHE RF AN PF [ AR sh V) D Re A JF 0 2 3 A oG, (BT REHE SCF. LCF. MCF. MCC
HLCC [ HIAH AT 2R, ST ANLL SR [24]0 #H5 & 8 3= /KA I 70 25 SR AR 3R B 4G B R RIS A 2RI T
YIRS ES, PO DI ReREAE S LS . M Y)gesE SCF. LCF. MCF. MCC f1 LCC, W TfA1E &
Vs s A B X R A BN, RF R PF IRl RN X R, HBTRAEERL, EE
Y EE, oA, AR B,

5. &

1) ZRl I SR o bel B 2 i sh M 2 e 3 A B 5 31 )& 52 Ff, Xil3 8 RFL PFL SCF. MCF.
LCF. MCC M1 LCC 3t 7 M sh s, HrhIhpeht RF R B2, H BRI IIRERE . AWHTTHE
FEPRDT 1R XA R R KA g DL R PRI S V) S BERR 45 ), XK AR S R G i s D et Xl 7 A
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