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Community structure of periphytic ciliates in scenic water and its relationship
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Abstract; The applicability of periphytic ciliate communities in assessing scenic water quality was studied using glass slides
as artificial substrata during a 1—year cycle ( January—December, 2015) for scenic water in the southeast region of
Shanghai. Samples were collected monthly at a depth of 1 m, and environmental variables, namely permanganate index
(COD,, ), levels of chlorophyll a ( Chl-a), nitrite nitrogen, total nitrogen (TN ), and total phosphorus ( TP ),
transparency (SD), water temperature (T), dissolved oxygen (DO), conductivity (Spc), salinity (Sal), and pH, were
measured synchronously for comparison with biotic parameters. Totally 51 ciliate species were identified, belonging to 12
orders. The species number followed a regular pattern: spring > winter > summer > autumn; the highest species number was

27 in January, while the lowest was 10 in February. The average annual abundance of periphytic ciliates was 127.29
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individuals per square centimeter; the lowest abundance was 24.27 individuals per square centimeter in February, while the
highest was 248.57 individuals per square centimeter in May. Multivariate analysis suggested that TP and T were major
environmental factors influencing the community structure of periphytic ciliates, and the combination of TP, T, DO, and
pH could best explain the changes in the community structure of periphytic ciliates. Pearson’s correlation analysis indicated
that the average monthly abundance of periphytic ciliates had significant positive correlations with T and Spe. Peritrichida
had significant positive correlations with SD and Spc, and highly significant positive correlation with T; Tintinnida
correlated significantly with T, TN, and SD; whereas, Pleurostomatida had a significant negative correlation with SD. The
dominant species correlated significantly with environmental variables, as well. Vorticella campanula, Vorticella sp. 2,
Zoothamnium sp. 1, and Epistylis hentscheli had positive correlations with SD and T, and negative correlations with DO,
TN, and Sal; Vorticella convallaria correlated significantly with SD, TN, TP, COD,, , and Sal; Carchesium polypinum
correlated negatively with T and SD, and positively with DO, TN, and Sal. In conclusion, periphytic ciliates are good
bioindicators for evaluating the quality of water bodies, and the glass slide method can be used as a supplementary approach

to the monitoring of scenic water quality.

Key Words: bioindicator; community structure; environmental factor; glass slide method; periphytic ciliate; scenic water
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S B ARKIR I ETE 2 A fem KR ETE 7 A I RE(DO) BIAFEIIE R (6.64+3.45) me/L, ARSI H 2.
44—11.01 mg/L,6 H 5efik,4 J1 i -3 (Spe) FIAEIIE 2 (971.09+182.57) ps/cem, 2R LG HE 2 750.00—
1282.00 ws/em,9 H AR, 6 H R ; 4E 4 BE (Sal) 7(0.5620.07 ) %o, 2 AL F 2 0.44—0.64%0,10 H F A%, 5
A E s s R (pH) 4F- 344 M (7.75+0.31) ,7E 7.15—8.35 ZIA1Z8 80, 11 A Ak, 2 A e, RIAARMF 5K 4
(7K T R B3 2 P PR A P (R 1)

*1 SABLETFHE
Table 1 Monthly data of physlco—chemical factors

o5 il R " - s - ; el
% A R R A BA b5 . IK I R4
O N igg. COREE BA B gy MR BRE o g
A Nitrite Total Total Water Dissolved .. ..
Permanganate Chlorophyll a/ | . Transparency/ Conductivity/ ~ Salinity/  pH
Month index/ (me/L) nitrogen/ nitrogen/  phosphorus/ om temperature/  oxygen/ (ws/em) %o
( ' (mg/L) (mg/L) (mg/L) ’ kS (mg/L) o
mg/L)
1 8.00 0.03 0.06 1.97 0.15 80.00 7.90 8.54 794.00 0.59 7.48
2 6.81 0.02 0.06 1.51 0.05 90.00 7.60 10.41 809.00 0.61 8.35
3 6.79 0.02 0.04 1.11 0.12 95.00 15.10 9.67 1016.00 0.63 7.98
4 6.52 0.01 0.07 1.22 0.05 95.00 17.30 11.01 957.00 0.56 7.66
5 5.22 0.04 0.08 1.08 0.10 100.00 24.30 9.01 1275.00 0.64 7.89
6 6.63 0.02 0.07 1.06 0.13 100.00 24.20 2.44 1282.00 0.63 7.44
7 7.34 0.02 0.08 0.77 0.10 92.00 29.60 4.11 1009.00 0.45 7.66
8 8.58 0.07 0.06 1.20 0.07 110.00 28.67 2.65 1150.10 0.53 7.60
9 7.11 0.02 0.05 1.21 0.07 100.00 25.00 2.67 750.00 0.50 7.91
10 7.84 0.01 0.07 0.74 0.05 110.00 21.60 4.43 834.00 0.44 7.92
11 5.39 0.01 0.06 0.90 0.05 100.00 17.70 4.42 927.00 0.54 7.15
12 5.66 0.01 0.10 1.74 0.07 110.00 10.70 10.32 850.00 0.58 7.94
i
Annual 6.82+ 0.02+ 0.07+ 1.21+ 0.08+ 98.50+ 19.14+ 6.64+ 971.09+ 0.56+  7.75%
average 1.04 0.02 0.02 0.37 0.03 8.98 7.66 3.45 182.57 0.07 0.31
value
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] Eg$%ﬂ s F)f 5 I @J%] 12% ,ﬁ | E \% | E \% = E Fig.1 Annual variations of species number and abundance of

periphytic ciliates
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Fig.2 Annual variations of percentage of species number on different orders of periphytic ciliates

sp. 2) , B4i W sp. 1( Zoothamnium sp. 1) WLARIMSE HL ( Carchesium polypinum ) , 5 [ 47 H ( Epistylis hentscheli)
HEHEFP (K 2) , WP EAER R 5 H fem, HOETE 10—12 H B R B iR R TE 2 A
F16 A LAAMNAHEAD A AR 3955 5 Vorticella influsinum 0% BEAE 1 A F 3 1 H BEPR IR WAL ; B0 HL sp. 2 7F 6—8 /]
R, A 13 B P R AR SR A L sp. 1 FERENAEBE B 3 WRIEAEL, 7000 3 1,7 A AN 10 A HAb T iy
T AL s WEDIR Pl 45 HUTE 12—4 ) %% B 34 35, Al 3 13 %8 B8 A1 5 7 T Rl o 288 T e AR B 1R I PR I
WM, 53 6 59 A 84K 5—9 A % B fimn , Hofth A 3 25 BERCAIR (81 3)

R2 AMEAERABMHEEABE

Table 2 Dominant periphytic ciliates and their dominance during the study period

P #4F Dominant species PE#BE (Y) Dominance || % Dominant species fE34 ) (V) Dominance
BN Vorticella convallaria 0.21 R45 I sp. 1 Zoothamnium sp. 1 0.07
BIEAN R Vorticella campanula 0.20 BRI 5 B Carchesium polypinum 0.03
Vorticella influsinum 0.03 FIREB Epistylis hentscheli 0.19

Bt sp. 2 Vorticella sp. 2 0.06

2.3 JANELE R R B R AR AR L

JANALFER HEMN 1—12 H 25208 TGS 21N 1.05—2.10, 348K 1.53;D (HAZR N 1.91—
6.33 AEHME R 3.6, B AIE LS BB, HAE 8 A e, 1 H i J AR R 0.41—0.72, 45 H B K, 4F
HIEH 0.56( & 4) .
2.4 JANAELE R BE S RIS T

FEARIL RN 50% 0, UK AR JE AR 25 B AT 438 4 N 28HE (ANOSIM, P<0.001) - 55 —288F (1) N7E 2
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Fig.3 Annual variations of abundance on dominant periphytic ciliates
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Fig.4 Annual variations of diversity index of periphytic ciliates
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Fig.5 Clustering dendrogram of the periphytic ciliates communities

*3 BAEFERMNEELEMSHSNERFHEFEETSNIE Pearson tHXERLE

Table 3 Pearson correlations between community structural parameters of periphytic ciliates and environmental factors with annual variations

mEm wEm o,

. ., - Ioy pEts; . Kl i)
T Y | A L T S A T E S
. . Total Total Water Dissolved .. bR
Community structural ~ Permanganate  Nitrite . Chlorophyll &/ lransparencv/ Conductivity/ . pH
. ) nitrogen/  phosphorus/ temperature/  oxygen/ Salinity/ %o
parameters index/ nitrogen/ (me/L) (mg/L) (mg/L) € (me/L) (ps/cm)
(mg/l)  (mgry ¥V (¢ e/
ﬁ]xéﬁl 0.13 -0.13 0.27 0.49 -0.02 -0.53 -0.20 0.37 -0.07 0.15 -0.09
Species number
pragice
®E -0.07 0.18 -0.41 0.15 0.49 0.56 0.73**  -04 0.67" 0.01 -0.04
Abundance
bk
il &}Hﬁ . 0.49 -0.41 0.27 0.42 0.08 -0.55 -0.20 0.29 -0.34 -0.11 0.11
Shannon-Wiener index
= RF )
+H E*E{ﬁ 0.19 -0.19 0.45 0.45 -0.11 -0.72"*  -0.45 0.48 -0.27 0.19 -0.05
Margalef index
IR 0.52 -0.38 0.21 0.18 0.16 -0.34 -0.14 0.15 -0.38 -0.22 0.23

Pielou index

s 7E 0.05 K- ORI 1 @ EHIE; == 7 0.01 KX - A%
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R4 FALEFERNBESHETENEY—INE (BIOENV) 217 545
Table 4 Summary of results from biota—environment ( BIOENV) analysis showing the environmental variables with temporal variations in the

periphytic ciliate abundances

o SRER R ol BEWAT| by s ol R
Rank Environment variables p value P Rank Environment variables p value P

1 TP,T,DO,pH 0.625 0.001 6 TP, T,pH 0.587 0.005

2 TP,SD,T,DO,pH 0.619 0.001 7 TP,T,DO,Spc,pH 0.586 0.001

3 TP,T 0.613 0.002 8 TP,SD,T,pH 0.549 0.009

4 TP,T,DO 0.603 0.001 9 TN,TP,T,DO,pH 0.543 0.002

5 TP,SD,T,DO 0.594 0.001 10 TP,T,DO,Sal,pH 0.537 0.001

TP Euf , Total phosphorus;T:7KE , Water temperature ; DO ; % fift % , Dissolved oxygen ; pH; SD ; 1% B | Transparency ; Spe : Hi, 5 | Conductivity ;

TN : BVA, Total nitrogen ; Sal ; e, Salinity

2.5.2 JAMNELFERL B SKIEAEHE T ZEHCR

Pearson FICPE T4 K], 2B HA B RS 5FE D SRR B IEM K (P<0.05), 5/KiE
B R EIEAXE(P<0.01); T T H B HAM I HLEHREE S5SEHE R EOMHE(P<0.05), P TT
H &1 € du % 3 5K RS R 3 A (P<0.01) 5B AR B B E IEAHE(P<0.01) , EHHAEREES
SVRURIL BV B 18 5t B 2 TEAH G (P<0.05) (R 5)

*5 BAMEAEREENBESHERFHEEEIIE Pearson HHX 1 B4
Table 5 Pearson correlations between different orders of periphytic ciliates abundances and environmental factors with annual variations

FER WA

f ms wn gt 0N wewe mme B PR wes
Orders Pen'nanganale Nntnte wittogen/  phosphorus/ Chlorophyll a/ Transparency/ temperature oxygen/ Conductivity/ Salinity,/%o pH
index/  nitrogen/ (mgL)  (mg/L) (mg/L) cm o (mg/L) (ps/cm)
(mg/L)  (mg/L)
% H Peritrichida -0.08 0.20 -0.41 0.12 0.49 0.59 0.72** -0.41 0.66 " 0.01 -0.05
ZEH Oligotrichida 0.15 -0.30 0.10 0.48 -0.25 -0.34 -0.23 0.22 0.16 0.36 -0.20
W2 H Suctorida 0.02 -0.54 -0.08 0.13 -0.15 -0.16 -0.30 043 -0.04 0.31 0.44
2B H Heterotrichida 0.12 0.27 -0.46 0.25 -0.01 -0.17 0.55 -0.42 0.26 -0.40 -0.20
T T H Tintinnida 0.25 -0.11 0.81°* 041 -0.04 -0.67*  -0.79*" 047  -0.47 0.34 0.18
#EOTH Protostomatida -0.09 0.04 0.01 -0.29 -0.27 -0.12 -0.08 040  -0.02 0.01 -0.09
F# B Haptorida 0.22 -0.02 -0.18 0.14 -0.03 -0.41 0.37 -0.30 -0.25 -0.57 -0.18
I H Cyrtophorida -0.04 -0.18 -0.15 0.15 -0.21 0.01 -0.04 020  -0.12 -0.09 0.16
T H Trichostomatida 0.36 -0.12 0.65" 0.59* 0.08 -0.65"  -0.46 0.17  -0.31 0.15 -0.27
MF H Pleurostomatida 0.25 -0.19 0.53 0.32 -0.15 -0.61%  -0.43 040  -0.33 0.12 -0.20
B8 H Hymenostomatida ~ —=0.09 0.01 0.13 -0.41 -0.29 -0.25 -0.29 053 -0.15 0.12 0.20
8 H Hypotrichida 0.04 0.01 -0.34 0.12 -0.06 -0.08 0.32 -0.03 0.03 -0.35 -0.04

 7£0.05 KO0 b RFFE; == 18 0.01 AKF-(BUM) b @ AR

2.5.3  JENELE R AR S KR IR 1 22 ] 1 06 B

XFAN [P B8 1) J AR 21 6 U B S RS IR A T TUAY 0 MT (RDA ) T /1 HE P Sl (4 R AiE AL 5331 0.
42 F110.29, 55 —HE P il e TREAS T 429% AR S 58— HEFR SR RR T REAR 29% MR S A A TR T REAR
71.10% ) 25 5 (£ 6) . T.SD DO TN TP .COD,, Fl Sal %} & A= 25 6 B &AM AR A a8 6) . H
o BB eh g Bhil sp. 2 B4 sp. 1 F IR EA A SD AT R IFAME, 5 DO TN 1 Sal 5 5 27456 4 4h
A5 SD 2 B EIEASE, 5 TN TP .COD,, Al Sal 2 3 FAH5C ; MRk 45 L5 T .SD 2 3% fA ¢, 5 DO TN
F1 Sal 52 EIEA G,
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Table 6 Statistical characteristics of redundancy analysis based on relationships between dominant periphytic ciliates and environmental factors

TR ST S —HER Al o HErr b S = HER Al S O A
Statistical measurements of redundancy analysis The first axis The second axis The third axis The fourth axis
FHIE{E Eigenvalues 0.42 0.29 0.11 0.07

B — B K

Species—environment correlations

L/ APS I AE R

Cumulative percentage variance of species data

W —IRER R BT H A b

Cumulative percentage variance of species— 42.40 71.10 82.20 89.20

1.00 1.00 1.00 1.00

42.40 71.10 82.20 89.20

environment relation

-0.8

L C. pol ™~

DO Sal
V. inf
pH
' TP
CODwy
\ Chl-a V.sp.2
0,-N Spc
B V. con Z sp. 1
E. hen
-1.0 V. cam SD T
1 1
-1.0 1.0

Ee6 BMAEFERRBMHERERFHTRIN
Fig.6 Redundancy analysis based on relationships between dominant periphytic ciliates and environmental factors
V. con B8P L, Vorticella convallaria; V. cam 5 JE40 L, Vorticella campanula; V. inf; Vorticella influsinum; V. sp. 2: 4 1 sp. 2, Vorticella sp. 2; Z.
sp. 1. R4iH sp. 1, Zoothamnium sp. 1;C. pol: BRARANGH HL | Carchesium polypinum ; E. hen .= G B4 W Epistylis hentscheli

3 iFig
3.1 JEAELEE R BRI AL

JENAE 256 B BT S5 A A VR I /KR T S r K AR rh 2 B R e 22 5 L X K AR PR AR Al 2
BRI EATEAR B P Gong AEN R N S 14 JE AR 5 v 2GR R A AR 27 0 37 B (30 J8 ) . Xu
A5 VA i VTR KA ARG HE R A AR B L 29 B, ARG LAV SR B (ST Bl R 2R B E R T
IR ) FFOK AR , 3 T RE 25 31 52 1 P OK A L, U KA o (4 i) A A 27 B RURP 2N 5 s2 T % P 8
B, MIAHFZEFRI ) 5 AR £F B s R B IR T Agamaliev ™ 1 HLIE /K FpoRS 0 H A9 ) A 2 6 ol
YA EL (130 ) X AT BE SAS ST R AEIE BBl B N B A Z ARG DG, eAh , AR5 45 SRR I, iz 5ol
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IR T AR 27 R TR A A TE T W iy i M 22 e P &0 1 AR M 2 B R 2R i 2, 3t
27 P & Fe 2 AR /b, 36 10 Bl BRI LF BRI T B A B ROV RISHE, H% B SR8 240 1)
SR G AL BRI R R R E T4 EH X TR S DL R 1R N TR KRR BRRAS
DL B EGE & HA KA X,

3.2 AL TR RS A S A TR KR

IKARFRGE R (AN i Aa KR IR ER AL AN IR Eh AL AT Eh A R AR ) 1Y Bl R el SR A
A ERBES WM EZERNZR, CAHMREN K IRFEKA A28 ) = R AR 50T i
PEERRER LA W 0 3 IE MG R AR 21 B AUy 5 B /KRS AR R (NO,-N) FILEVEE (TP ) i ¥k B 52 1A
JEPS S ARHESE ) BIOENV 20 M & SIS &5 5 | Bl (TP ) Wk B2 /K IR (T) 2 52 e J) AN A: 2 6 U3 B 1) 2
BN T (% 4) .

ST HEF B R SR FE I 2R E SRS EAHICCR (R 5) . ATRER Dy RAFIKIR N 7.60—
29.60°C , J5L2: B0 ) B R 3 K A6 AE TR B S 1B N B IR E 1) T s i T i s Rl AT IR B AN 2 R LA
LRl E W oA ) A B R B S K B A . ARSI R A 1 B AT U B KA
JE 5 W 2 OAOC X R IR O HAF B IS | TAEAAEE VI B BRI K AT, BAREODHAF B
WREE R 035 A0 OC (5 B R B2 S R VR I 5 0 3 IR A O, A W RE A W 3 A OC ) {H RN R B — A
Plagiopyla sp. H B AE 1 Ak i HARSCHE S B4 Ui 7148 2%

R AR S R BSR4 5 i — 26 T T HI AR Bl BB, A 5dh, T T HEMN
ML HKIREN T F A (P<0.01) , T T H AL 276 B py F 2R 2R A0IR K 5 76 1 ( Tintinnidium
Sfluviatile) FUB IR 5¢ B ( Tintinnidium entzii) T2 HIUE IR AR 42 Al B2 T X S A 4F B R =K
Uk, Ry — L R WA H T H A AR 21 5 R B i A8 52 | A5 i b ) [ ) 2 1) S 2 3 32 ik
12, T T BB AR IR B TES E /N B W e v Bt 7 —4
A A7 TR B A (R
3.3 RFEFXIK R R AEH

TET R K3, JRIK B KK AR | T A 25 B s 35 Fh 22 2 6 B 27 B dL A RIS R 7K i3 B
—EMFERME . ANTETT B I 1 DL 35 SR 45 HUR SE T ( Zoothamnium sp.) 5 pH il L B 8 77 4k 1 3541
ST BRDUAR A A D0 35 A T2 A ol 5 7K TR LA R S 5 T 7 8 M TS 1 £ AR o [ B b 5L ( Pseudovorticella
sinensis ) 5 EARA AR50 (3.80 mg/L) A X ARBEFER RDA J-Hr B, JL 88 i) 2 B 5 /K AR (i R85 R -7 L
ABRIAHCHE (B 6) o Horr BBl Shis sp. 2 405 sp. 1,95 R R V8 HUREHR A 45 10X 6 4>
FIAIAELE LSO 5 A LSS RE 34 W] LU 2% SR TR D e /KR BT RS O L AT DU KA & 5 Rk LKA L
YIRS R Y . B3 — 251 AT 55 i — 20 B SC R A T SR

25 LTI AN R BRI R 1R AR 1 JE AR 27 o AR B ) IR RE AR R S s WK K BT, i ek
TR TR NI IR 5, PRU - B/ INFLAR 2 40400 RS 141G J5 i DR AR ik 17 0 3 2 T 3 IR 7% 25 ) O L TE 1%
TR WK BT, 8035 R AT VR PRU IR —AS RAFAR SEEOERAR

B ¢ SRR L RV R SV I R 2 s [R) 2 A A ot SR S AR 3ELA PR 000 v 45 T B 4t 3 Bl s S o A e X R
ARSCHEH T 5 5 B ORI, 7 s — Il
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ik RMAESGERFHEBNSH

Schedule Distribution of the species of periphytic ciliates

H (HES 1A 23 3A 4”H sH e6A 7A 8H 9H 10H 1174 124
Orders Species Jan.  Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
% EH Vah R, Vorticella convallaria + + + 4 + + F ot At
Peritrichida BB HL Vorticella campanula ++ + + ++ ++ e e S ++
Vorticella influsinum ++ + ++ + + + + + + +
Tl sp. Pseudovorticella sp. +
Bl sp. 1 Vorticella sp. 1 + ¥
P sp. 2 Vorticella sp. 2 + + +++ 4+ H++ ++
8 sp. 3 Vorticella sp. 3 + +
AR B gh i Campanella umbellaria + + + + + + + +
451 sp. 1 Zoothamnium sp. 1 + ++ + + o+ + 4+ o+ +
WELARINZE L Carchesium polypinum N s T + + + +
R45 W sp. 2 Zoothamnium sp. 2 +
SR A sp. 1 Epistylis sp. 1 +
BRI sp. 2 Epistylis sp. 2 i+ + " ++ + +
=[G EA L Epistylis hentscheli + + o+ AU VI s +
ZEBiH sp. 3 Epistylis sp. 3 +
SR sp. 4 Epistylis sp. 4 + +
R Orbopercularia berberina + +
G F- 85 FE 1L Platycola decumbens +
HEH FBkt sp. Collembola sp. + +
Oligotrichida Kk AL Halteria grandinella +
2iF 8 sp. Stombidium sp. +
MEETF By Aspidisca +
A H VUSRI 4 W Tokophrya quadripartita + + +
Suctorida AETN T F WS 2L Staurophrya elegans + + + +
FKARERIL A HL Metacineta macrocaulis + + +
BREWAE W Trichophrya epistylidis +
Denarosoma radians + +
s*EH HAEBIWUE Stentor roeseli + + + + + ¥ +
Heterotrichida Z MW\ HL Stentor polymorphrus + +
TTH WRIKTAIFE I Tintinnidium fluviatile + + + +
Tintinnida BREFE M Tintinnidium entzii + + +
INAEFE A Tintinnidium pusillum +
IR AUES H Tintinnopsis potiformis +
ﬁnii)mm da EAMRFEH Coleps hirtus +
Filg H WA E R Didinium nasufum +
Haptorida Paradifetus elephantimus + + +
BRIE 1T H Trachelius ovum + + + + + + +
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H LES IH 2H 3H 48 s5H e6H 7H 8H 9H 10 11H 124
Orders Species Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
KIEKW) H Lacrymaria olor +
HHOHA ,
Cyrtophorida FRIRME . Chilodonella uncineta + + + + " + + + N
i i(lf}llimmati da FHO W sp. Plagiopyla sp. +
UguRE| Z400 0 sp. 1 Amphileptus sp. 1 +
Pleurostomatida 2400 sp. 2 Amphileptus sp. 2 + +
UZL I L sp. Amphileptiscus sp. +
240 8 sp. 3 Amphileptus sp. 3 + + +
Amphileptus carchesii + +
KRIGUE R, Litonotus cygnus + + + + + +
fyie’jﬂstomati da Hif 1M sp. Frontonia sp. + +
WEH T DU HL Stylonychia mytilus + + +
Hypotrichida FettH sp. Urostyla sp. + +
REH sp. Oxytricha sp. + + + + + + + + +
L EFE M Euplotes woodruffi + +

JAMNELT BB BREE R+, ++, +++, ++ -+ (+ = 0.02—9.99 /em?; ++ = 10.00—50.00 1~/em?; +++ = 50.01—100.00 P/cm?; +
+++ = 100.01—160.00 4~/cm?)

http ; //www.ecologica.cn



