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The relationship between protistan community and water quality along the coast
of Qingdao
YANG Jinpeng'*, JIANG Yong', HU Xiaozhong'"*

1 Laboratory of Protozoology, Institute of Evolution and Marine Biodiversity , Ocean University of China, Qingdao 266003, China
2 Alfred Wegener Institute for Polar and Marine Research, Helgoland, D-27498 , Germany

Abstract; Protistan communities are characterized by high ecological and species diversity due to their short life cycles and
by a quick response to environmental changes. Many species respond rapidly to pollutants and often inhabit environments
that are unfavorable to most of metazoans and some can even tolerate extremes of environmental conditions to macrofauna.
As predominant components of protistan communities, ciliates and flagellates may react more quickly to environmental
changes than any other eukaryotic organisms because of their rapid growth and delicate external membranes and can thus
serve as bioindicators of water pollution. Polyurethane foam unit ( PFU) is an artificial substrate able to host planktonic,
periphytic and benthic protistan assemblages. The PFU method has been widely and successfully employed to evaluate
freshwater quality all over the world. However, as far as we know, this method has not been used in marine habitats as
effective as in freshwater biotopes because of the influence of tidal current and circulation in near-shore area. In order to
evaluate the feasibility of using the PFU method to assess coastal water quality, Xu et al. modified the conventional PFU
method and presented a bottled PFU ( BPFU) system and successfully used to evaluate the water quality in Korean coastal
waters. Our study is the first to use the BPFU method for bioassessment in Chinese offshore areas. Three stations in the
coastal waters off Qingdao, China were selected as study area from September to October in 2007. Margalef diversity index

was calculated by d = (S—1)/InN. The relationship between the protistan community parameters and marine water quality
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was analyzed. MacArthur and Wilson equilibrium model: S, =S, (1 —e™™) was applied to assess the colonizing process of
protistan communities. A total of 263 species of protists were identified during the survey. Among these were 83 diatoms,
59 flagellates, 31 sarcodines, and 90 ciliates. In terms of species composition, site 1 was dominated mainly by bacterivores
(e.g., Euplotes parabalieatus, Uronema marinum and Pleuronema coronatum ), site 3 mainly by algivores (e. g.,
Strombidinopsis minima , Strombidium apolatum and Hartmannula augustiptlosa) , and site 2 was in an intermediate status.
These results are consistent with the environmental conditions: site 3 had the best water quality, site 1 was the most
eutrophic site, and site 2 was the moderate one. Furthermore, the colonization processes and functional parameters (i. e.
S,.» Gand Ty, ) of communities correlated with the pollution status and could thus clearly discriminate the different classes
of water quality as measured by physicochemical indicators. But the Margalef diversity index did not coincide with the water
conditions; site 1 had the highest index value (on average 4. 16), while site 2 had the lowest (on average 3.00).
Nonetheless, this work further suggests the practicability of the BPFU method for biomonitoring of coastal water pollution.
Our study also indicates that protistan communities are more effective and accurate than protozoan communities in reflecting

water quality.

Key Words; BPFU method; protistan community; structural parameter; functional parameter; bio-monitoring
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Fig. 1 A sketch map of the sampling sites at Qingdao coastal areas during the autumn of 2007
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BPFU RECRHEAZA 7.5 em, WEL 13.5 em WFEHRAEHI B 2D 4, 3K L U 4 A4
(K210 em 58293 em) . BEAIRHBCE RN RSTZH 5 cmx6.5 emx7. Sem fLAEZ R 250—350 wm 1143
4, VAR BRI P 2R K IR0 24 h SRR KB AR Ok . HAR TR IR TR I Sk L FEAE i
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TEAEAN 3l 5, 30375 1 Hach 7K 523 B3 ( Hydrolab-MS5 ) il 52 /K A& A RLEE $hEE  pH (E FNVE i &, I8 R kR
TEE7KAHF (15255 %, B Hach DR5000 #4458 4070 G BETHIN M /K B9 28 A (NH,-N) S ZA(NO,-N) (I AEAS A
(NO,-N) Flf MR £k (PO,-P) M &,
2 #R
2.1 HAkIEbR

P IIE] 3 At s B FE PR LR 1, PR SbdRbRh IR BEAE 3 /1wl AR HAHIE , pH fE AER BEFE S, A 1
LU LB A3l A, F R Ryl 1 KA X LA A, 55 M A S A AV T AL 59 , O HLA K A= T 75 /K HE
AF T G5 Ah sl i 1 FRI S I S T s e ARV B NS = i N R PR B Tk e 3 ROV A Al N ORI P
W Bk, MIRACFRAR A ZE SR E |3 D uli il s 1 A7k B fe 22, uli a5 3 A /K AR X B s

F1 FHEHE 3 S REEL ISR

Table 1 Environmental physical chemical indexes in three samping sites during the survey period

EL 35 Site

Parameters 1 2 3

HE Temperature/°C 22.85+1.05 22.86+1.26 23.17+1.31
HhE Salinity 27.99+1.53 30.33+0. 18 30.58+0. 34
TR pH 7.88+0. 16 8.25+0.03 8.29+0. 05
¥4 DO/ (mg/L) 3.08+1. 10 6.10=0.39 6.380. 46
2 A NH;-N/(mg/L) 0.75+0.22 0.42+0.31 0.26+0.22
%A NO;-N/(mg/L) 0.80+0.20 0.60+0. 40 0.60+0.20
¥ NO,-N/ (mg/LL) 0.100. 05 0.06=0. 02 0.05+0.03
WL PO,-P/ (mg/L) 0.77+0. 55 0.370.32 0.2710.13

2.2 ARSI RN R K

FEME 2ol MR RO R A T BPFU R0 A RO AE W RE T 1 R 22, LG O A 30 [ 7 iy
s 1SR 160 BRIAEAYY, il i 2 SEAG Y 121 FpIEAEAY), ol 3 JEAG 118 BlJSUAEAY), 3 A uli i IS
71 263 Bt A=Wy, FErb kB 83 Fh (FhLoBE4Y 28 B, PSSO 55 B ) | o FIEUN 31. 6% s £F BB 90 B, o5
TP 34. 2% ;W HL 59 Bl (RHESE 10 Fb, SIS 49 F) | 5 SRR 22. 4% 5 A2 B 31 i, 7 SRR
11.8% , X T 5 EMEEELZNAER, AT JEEH29F MO H 11 FJELFH 9O R, T THHE9 R,
HEHSHM, EOH6M, FEHS M, ZEH3IFL ATOH2 F M HE 2 F WA E 2 B O H 2 F, A
H 1R REH 1 R,

i 1 AR A YR T W) R A ek SRR 2D T R DA T A 1 0 TR 2 2R RN B RS A IS 34 LU At i
2 w2 FG A3 BT AR FEBARARL , 2R B0 A ik e O DL S W s P A SR A 2, AR AR R L
(K2), FBEAEAAYRETE TSR, KA 2 R 2, SR /R 3l i 1 2F B A S s T
HAth sl o5, A DU A0 A I B 2SI 1 28RN E 27200 3 ISR AR L e g. , Euplotes parabalteatus) .
W R 22 . (Uronema marinum) WL 17 L ( Pleuronema coronatum ) & JiF HL Z A~Fl ( Litonotus spp. ) o Ui &5 2
Fuh 5, 3 WIET B R EBEE R, Al B RESE ) 52 B AAE 11280 3 | L3 F b F /MU ES HLU( Strombidinopsis
minima ) M 205 2 ( Strombidium apolatum ) FN4H/NERF & HU( Hartmannula angustipilosa)
2.3 JFUEEYITEE AR (N)

KA D A A A B ) e AR E AR A S W K AR 5 8 SR AR B 1 — D EE S48 bR . il A 7E 32
A LTS GE™ KR 5 RS L SR i B AR s i MR BE P Ar BT 3 A s SR AR A A
FREEME 3 s, AT DU el 1 iR 8w T 55 00 2 ANl P EESR 7. 5x10° /L, A
HOR EEARIARISE AR 14 TORBFRAR, SIRBMROFIZ G S BB & misis23 2
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[B] A8 A B 22 AN K SEIE A 30 1. 3x10° /L Fl 6. 8x10*4~/L,
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Table 2 Species list of ciliates in three sampling sites

Fh4 i 54 Site Fh4 Ul 8 Site
Species 1 2 3 Species 1 2 3
ZEFTFEWE . Acineta tuberose + - R BAER 4 Loxophyllum sp. 4 - + -
2400 AR EM Amphileptus sp. + - MAF AR EF Lynchella sp. +
BN Amphisiella annulata + - SR 45 L Mesodinium pulex -
SN AR EFN Anteholosticha sp. + FRBIERERM oligotrich sp. -
4% D £ T HL Apokeronopsis bergeri - A W Orthodonella hamatus - -

JE AR A & Apokeronopsis crassa - - ERF W Oxytricha saltans + -
R4 B L Apokeronopsis wrighti + - N 22 Ht Parauronema virginianum + -

[RT P JG 21 H. Aspidisca aculeata + + B IR Peritromus faurei + -

Ji TV HURZEFF Boveria sp. + - W/ Pithites pelagicus + -

WERC T Cardiostomatella vermiformis + - - R Placus salinus + + +
/NBFEBH Caryotricha minuta - - + LML M Pleuronema coronatum + + -
HELF 10 HL Chaenea teres + - - WL AR E R Pleuronema sp. - + +
FEVR Y45 . Chlamydodon mnemosyne - B CJF L # HL Prodiscocephalus borrori + +

SBAR A R E Chlamydonella sp. i v W Protocruzia contrax + -
FRICILZEIR A Chlamydonellopsis calkinsi FEN R AL B Protogastrostyla pulchra + +

OB AREM Condylostoma sp. - HR /N Pseudoamphisiella alveolata + -

B XUE . Diophrys appendiculata + - JEAIEREFRN 1 scuticociliatids sp. 1 + -

B XS W Diophrys oligothrix - - JEEFIEAEF 2 scuticociliatids sp. 2 + -

WUE HARTERM Diophrys sp. + - JEEFRKEFN 3 scuticociliatids sp. 3 + -
HEZEBE A B Ephelota gemmipara + - JEEFRKEF 4 scuticociliatids sp. 4 + +
HoRwigd Epiclintes auricularis + - Ji JHE e L Spirostrombidium platum + -
RIeW b Euplotes charon + - TE AR ER Stephanopogon sp. - -
NIFFANR Buplotes minuta + - 5 R ER Stenosemella sp. - +

WP H WAL Euplotes parabalieatus + + WU AR E R Stentor sp. -

L ERUF N Euplotes raikovi + - e/ MU Strombidinopsis minima +
BN Euplotes rariseta + i 2355 L Strombidium apolatum -
FRAEE( ML Euplotes sinica + AR R EWE R Strombidium paracalkinsi + +
BN Euplotes vannus + - UL 20 B Strombidium parastylifer + -

Al R EF Frontonia sp. + - - Hy 2l Sirombidium sulcatum + - +
/NS AR W Hartmannula angustipilosa - + + LUIF R E RN Strombidium sp. + - -
FBAEREM heterotrichs sp. + - - BN AL B Tachysoma dragescoi - + -
Bys 25| 1 Holosticha diademata + + B 5] 22 Tachysoma ovata + - -
S G425 B Holosticha heterofoissneri - + 214 . Thigmokeronopsis rubra - + -
5 R EF Holosticha sp. - - + T T HEREF Tintinnids sp. - + -
WKW Lacrymaria marina + - + W B (48148 B Tintinnopsis baltica + - -
THES R E R Leprotintinnus sp. + + + H &AL L Tintinnopsis beroidea + - -
V2 F R EFN 1 Litonotus sp. 1 + - - ERAEE L, Tintinnopsis tubulosa - + -
V2R EFN 2 Litonotus sp. 2 + + U R TEFP Tintinnopsis sp. 1 -

U HURE RN 3 Litonotus sp. 3 + - U FRE R Tintinnopsis sp. 2 + -

V2R EFN 4 Litonotus sp. 4 + - A HREFI Tintinnopsis sp. 3

V2R EFN 5 Litonotus sp. 5 + - Wi B, Uroleptus retractilis +

WBUFHREF 6 Litonotus sp. 6 + HEE R 22 . Uronema marinum + -

B B R EFN 1 Loxophyllum sp. 1 + - PR EFRN 1 Vorticella sp. 1 + -

B R E R 2 Loxophyllum sp.2 + - - B IR SE RN 2 Vorticella sp. 2 + + -
FHF R EFP 3 Loxophyllum sp. 3 + - -

+ RNFTE He FREH

2.4 JFUAEAYIREE SRR ()
M Z RS BOR REVE AR S A T B — DB BN A, RN AW S AR PR IR 1 — N SR
Margalef ZZAEPEFEEL d (E AT LAERAT 5 % WL B0 52 oK AR 1975 AR B R HR Al a9 e s Y™ L, o (B
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Fig. 2 Species composition of protistan communities in three sampling sites
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AR g &, 38 AR S TS TR Margalef 22 g 600
BEFESSBC S0 1 76 1.39—3.48 20 PR 2.68, 5 aoo
763 AN PR, A 2 15 0.65—3.63 2, FH
fH2A 1. 72, a8 3 16 0. 56—2. 24 Z ], ¥ {H Ny . gﬁ e @Yﬁ

14 20
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2.5 JEAAYIRER E RS

BPFU R4 EAEW TR 0 B L R A 4 s,
ML ERTDUE ol 1 7856 6 Rk 8| —4> i, Bl 5
AT TR 7RSS 14 RIRBIEKME . i 2 7655 10 RIB B i KAE, 76505 14 R TR, Bl 5 SUS AT b F, o
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Fig. 3 Individual abundance of protist in three sampling sites

R3 BURAREEMEENEENMEENSFEEY

Table 3 Species diversity indexes of protistan and protozoan communities in three sampling sites

SRR ] JEA £ Protist JEH: 14 Protozoa
Time/d ¥l 1 Site 1 3 15 Site 2 3 1 Site 3 i 1 Site 1 i 15 Site 2 ¥l 1 Site 3
2 3.35 1.56 2.40 1.39 0.65 0.56
4 2.65 1.70 2.13 2.32 1.14 0.72
6 4.09 3.31 3.87 3.27 1.89 2.24
10 3.64 5.53 4.64 2.43 3.63 2.11
14 5.26 2.45 4.11 3.19 0.81 1.28
20 5.96 3.42 3.04 3.48 2.17 1.58
X+SD 4.16+1.24 3.00+1.47 3.37+1.00 2.68+0.79 1.72+1. 11 1.42+0.70
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Fig. 4 Colonization of protistan communities in three sampling Fig. 5 Colonization of protozoan communities in three sampling
sites sites
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HET MacArthur-Wilson - 7 2, R THENLEA: M-W #33] BPFU 2GR A WIREE I 3 D IIRES
AR RN SEL (S, ) EEEEEL(G) NIk 90% S, BT A ( Ty, ) o 325 1 09 S, BeK, 3 41 2 FIuh £ 3
(S, IEFHIT, 0 00 2 MR Tl 5 3, G HFRIFEAEAYTE BPFU REE LIS R A 3 A uli sl i 1 i%
AR, LR A1 2, 35 3 19 GBI o Topy 5 G R TAACIITIRES L, W81 1 1 Ty, B, 4 7. 8648,
WL 3 Y Ty B MK, 6. 1217 (3 4)

(R, AR AR S REVE RS 2 3 Dl s TIRES R, sl LI S, Bk 2 19 S, i Tl 3,

WAL 1Y G AR HUOR S 3 0 2 R, S 1R Ty, BRIk, HURIR G 4 3, 0l i 2 e (K 4) . AT
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Table 4 Functional parameters of protistan and protozoan communities in three sampling sites

R JEAEH) Protist JEAESY) Protozoa
VA5 Site - -
Seq G Toyq, Seq G Togq,
1 67.2001 0.2928 7.8648 42.3061 0.3645 6.3177
2 43.7197 0.3059 7.5258 24.1532 0.3250 7.0838
3 44.4090 0.3761 6.1217 18.9500 0.3340 6.8937

2.7 BEAEARAIREAE SRR

N T S A AR W v T S e H ) 3 Al K BOIR B, 72 6 Hh RS T R B BAE AR bR (NO,, NH;,
PO, Fl DO) FEESEL( Topy, M d) B FR i 2 F0E A3 A HE, BB EGR 19 N P IR EE VA i SO 1K T
3N 2 Al RS SHORT il i 2 19 d (EART 0 533, Ty, e T3 A5 3, BEARS 109 S It H T i 1 18] 95
JEACHFRIZER . wliad 102 3 Dol rf NP E 5o TV S A IR A I /2 1200t i ) 7R SR B0 Fe 22 | 1220 A
B4 Togq, 75 3 Ui s PR, d (HARLR 3 Dol b s 19, SR W A A WIS T RES 4 T, BEAR W VR B [X 23
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