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The relationships between ciliate composition, abundance, and environmental

factors in Sanya Bay coral reef waters
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3 School of Life Sciences , ZhongShan University, GugangZhou 510275, Chiha

Abstract: Sanya Bay is located in the southernmost of Hainan Island, located 109 ° 20'—109 ° 30’E, 18°11'—18°18’N,
with sea area of about 120 km®, and water depth from 5 to 20m, it is an open tropical bay, and also an important part of
national coral reef reserve. Ciliates and environmental factors in coral reef waters in Sanya Bay were sampled and analyzed
during August 22 to 26, 2004. Fifty-eight species of ciliates representing 33 genera, 14 orders and 6 classes (41,6,5,4,
land 1 one species, respectively from Spirotrichea, Phyllopharyngea, Litostomatea, Oligohymenophorea, Pseudociliatea and
Prostomatea) were recorded. , Tintinnids predominated in terms of species richness and numerical abundance, with 31
species Tintinnopsis minuta, T. biitschlii, T. itubolosa and T. tocantinencis were dominant followed by Strombidium
tintinnodes , S. sulcatum and Laboea strobila. Generally, ciliates were more abundant and diverse in the bottom waters of
Sanya Bay relative to surface waters, with average abundances of 375 cell/L and species 38 ciliates, 346 cell/L and 39
species in the bottom water and surface water, respectively. Surface waters were dominated by planktonic ciliates, primarily

Tintinnina and Stombidiida. In contrast, ciliate species belonging to the orders Suctorida ( such as Acineta sp. ) and
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Peritrichida predominated in bottom waters, this is because the study area are shallow coral reef waters, coral substrate by
the impact of accounting for a certain number of attached ciliates. The distribution of ciliate abundance at surface and
bottom water show a similar trend, there are two orders of high-value areas, a high value area appears in the northwest
central part between the Dongmao Island and the Ximao Island, another high value area appears in the Sanya River mouth.
While the spatial distribution of chlorophyll a content had the similar trend of ciliate abundance. DOC concentrations in
study waters are in high level, and accounting for 90% of TOC. Our results show that at stations with higher live coral
cover, such as station S9, S4, and S7, the abundance of ciliates was significantly lower than other stations with little or low
coral coverage. Suggesting the role of coral feeding on the ciliates are. There was a significant positive correlation between
concentration of chlorophyll a (Chl a) and ciliate abundance. Our canonical correspondence analysis study also showed that
there was a positive correlation between ciliates abundance and the DOC concentration. The DOC concentration was also
correlated with bacterial biomass. Ciliates such as Eutintinnus fraknoii and Mesodinium pulex like to live in more suspended
particles waters, while many species prefer to live in low suspended particles and the clear waters, as seen in Amphorellopsis
acuta, Codonellopsis ostenfeldi and Helicostomella subulta etc. The Tontonia gracillima and Dadayiella acutiformis live
environment with high PO,-P, while S. acutum and T. biitschlii like high chla water. Most of the other species live in low
chlorophyll a waters, and with lower abundance, but also it can be seen, these ciliates are planktonic oceanic species. We
conclude that Chl a, suspended solids, phosphate, and dissolved organic carbon are the main factors affecting the

distribution of ciliates in the waters over the coral reef in Sanya Bay.

Key Words: ciliates; sanya bay; species composition; environmental factors ;coral reefs
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Fig.1 The sampling stations in Sanya Bay

2.1 UL BHAIFPRA R

ARRIRER 6 44 14 H 33 J§ 58 FiFlirer B
(FR1) ,HAPHEEH 41 F, 1496 F, SEELY 5 F, LY 4 B, 857 O RWAHLF BRNA 1 #. 14 4B LU
EBHNHR BN E L, A 31 . RIRESHIGH)39 38 Fr, FRFMERERELIN, R E R, &
BESUE B, FBEE D 3, AR B 42 B Ewtintinnus fraknoii , 2R P 45 BU Mesodinium pulex , 21 7 45 M Mesodiniu
rubrum , = V. 4% 8L i Rhabdonella sanyahensis, %5 J&. 2L . Protorhabdonella curta, {1 5 4% 40 575 B Stenosemella
nivalis ; A FIFH2E X BAER R, 4% 0 By Amphileptus sp. , M N E B Dadyiella ganymedes , 2RIE W& H
Dadayiella acutiformis , W 81 Epiplocylis sp. ,##YERW B L. marina , X 8 Salpingella ampla , FHi B 750485 B

Tintinnopsis karajacensis , [ %48 B Tintinnopsis beroidea , % W55 J& B, BRIE BB B Urotricha globosa

®1 FiFFEHOMEER

Table 1 A list of planktonic ciliates in Sanya water

Fh& Species Fh2& Species Fh2& Species

#F %7 Ciliophora B E T Peritrichia VB 248 Bt Codonellopsis morchella
i 140 Prostomatea [#Z H Sessilida WA L Codonellopsis ostenfeldi
Fi 1 H Prostomatida L5 BB Vaginicola LA B Marshallia

EBEHJE Urotrichidae YV W8S R I Vaginicola crystalline marina ¥ FLAR M Marshallia aperta

BRIL R E W Urotricha globosa bh i J& Vorticella 248 Rhabdonella

IH- 1 44 Litostomatea b i Vorticella sp. =480 Rhabdonella sanyahensis
H%J H Haptorida JiEFB4N Spirotrichea M 38 & Epiplocylis

KW@ Lacrymaria FEE T4 Oligotrichia TR I Epiplocylis calyx
WEPEK W) 3 Lacrymaria marina Z# B Stombidiida N4 BB Dadayiella

KWyt Lacrymary sp. 28 Strombidium WA B8 Dadyiella ganymedes
£ O h)g Chaenea 2 Strombidium acutum I W& B Dadayiella acutiformis

£} 0 1 Chaenea sp.

£ H Cyclotrichida
45 B & Mesodinium
FARH 45 B Mesodinium pulex
L1 45, Mesodinium rubrum

M) 1 H Pleurostomatida Laboea Lohmann

2410 B4 & Amphileptus
241 By Amphileptus sp.
H-E 24 Phyllopharyngea
P4 B Endogenida
TR BB Acineta

27 dy Strombidium cornucopiae
B [ 22357 . Strombidium ovata
L5205 B Strombidium sulcatum
T T &7 Strombidium tintinnodes
2 Strombidium sp.
UNESTLH5¢ B Stenosemella nivalis
Laboea strobila

LY Choreotrichia

#0575 B Tintinnida

JRGUHUE Protorhabdonella

5 JREL B8 Protorhabdonella curta

BARHLJE Amphorides
HIREIR M Amphorides amphora
HKE B Amphorellopsis
RIEHKE W Amphorellopsis acuta
$M4H5c BB Stenosemella

SRAN5T H, Stenosemella sp.
YRR Undella

BRI I s Undella ostenfeldii
HE M B Eutintinnus

1 ERES W Eutintinnus fraknoti

hitp : //www. ecologica. cn
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Fh2& Species Fh2k& Species Fh2k& Species
FEWRAE . Acineta sp. JiE 1 B8 J& Helicostomella TFFLES . Eutintinnus apertus

#& B Chlamydodontida
A4 diJ& Chilodonella
#HE 1 Chilodonella sp.
{ii B Dysteriida
A i J& Dysteria

fiiA B8 Dysteria lanceolata
MR B Dysteria minuta
FEE4N Oligohymenophorea
I 0 .49 Hymenostomatia
10 H Hymenostomatida
FEH Hi 8 Ophryoglena
BERF & Ophryoglena sp.
HEH B8 Ophryoglena macrostoma
JE W4 Scuticociliatia
1,17 H Pleuronematida
R4k g Cyclidium
AR Cyclidium sp.

KIENE O I Helicostomella subulta

RS BB Leprotintinnus

# BRRES B Leprotintinnus nordgquisti
14 W& Tintinnopsis

B &4 1 Tintinnopsis beroidea

A ECAU48 . Tintinnopsis biitschlii
/NS B8 Tintinnopsis minuta
KIERI4R I Tintinnopsis elongata
BRI B Tintinnopsis loricata

KR E IS B Tintinnopsis karajacensis
KRR 1 Tintinnopsis radix

Hr R4S . Tintinnopsis schotti
T8 T 4855 M Tintinnopsis tocantinensis
BRI 1 Tintinnopsis tubolosa
JETERIES By Tintinnopsis urula

#1484 Bt Tintinnopsis sp.

244 )8 Codonellopsis

PR E4R B Eutintinnus stramentus
8B Salpingacantha
KA dt Salpingacantha ampla
£ .49 Hypotrichia

{##{MH Euplotida

XJE HiJ& Diophrys
J&RIXUE H Diophrys scutum
Wb HUJE Euplotes

i B3 D Euplotes rariseta
HEEF L) Aspidisca

WEEF 1, Aspidisca sp.

B%%17] Percolozoa
thEf 3 H 28 Pseudociliatea
JRZF H Primociliatida
45 HL J& Stephanopogon
JeEh ., Stephanopogon sp.

R PR SGRE , B R ER P RS RE RER TR A

2.2 LR B E AL

=W 8 A RZL BRI FE N 340 4/L, RKELEF (LHE Y=0.015) HE, RE K5
28.3% , HYGR/MUE BUG 15. 1% BT E R 5108 92 A~/L F149 4~/Le JRZMEF EZNT T 20F
BRI, NS BRI L, 20 Bl o SR 19.1% ,12.3% ,12.2% F110. 2% , X 81 QP-4 3 B 40531
78 4~/L,50 4~/L,50 A~/L M 42 A/LJREN B P EERTRZE, N 490 1~/Le 58 FeF B i+, e BH
HBLENGBRMEBIRS , FEORA, EEMAMAD 7 H KA RIS R /MU R BRI R RZ G
TR T B H R T T 2R RS AR R o oA UMM B B R %, HIRE T T &

Jie AR FE i, ol R = A B

R2 REBRFRAERABMEFE

Table 2 The dominant species and density of ciliate in Sanya water

23/4 RN RECESS EYSE GHIER
Layer Dominant species Abundance/ (4~/L) Percentage/ %
z2 ¥z i Laboea strobila 92 28.25
JNLES B8 Tintinnopsis minuta 49 15.11
T T &f W Strombidium tintinnodes 28 8.59
Hy&iii i Strombidium sulcatum 22 6. 66
BN IR s 35 . Strombidium ovata 16 4.82
K2 T T &l Strombidium tintinnodes 78 19.12
HLyi 2 B Strombidium sulcatum 50 12.26
/NS B8 Tintinnopsis minuta 50 12.24
s i Laboea strobila 42 10. 16
T8 T 4255 1 Tintinnopsis tocantinencis 24 5.83

2.3 FFET B HBBCE A2 (B AR AR

BRRTE, A YCRFE IR X LT B X BAR (B 2) , R JREE B R FE KPS R, A w4
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Fig. 2 a Distribution of ciliates abundance in surface water; b Distribution of ciliates abundance in bottom water
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Fig.3 Species richness at different stations
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3.3 JKARH GBI AR IR DR BL A
X9 AU AL ERSE T LT B HURP S BB AT SRR B 20 AT, A5 B Ah-2R 5 R 1 e - SR B T UF
R A SRR T ARSI R FRER (B7),

®3 REWERTFSMIEHFHRARXYE

Table 3 Correlation coefficients and biplot scores of environmental variables with the axes for 4 environmental variables

HEHE 4 SRHA T AU A
HEINT Correlation coefficients Biplot scores of 4 environmental variables
Environmental variables
Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3

1. Chla 0.975 -0.165 -0.135 0.975 -0.165 -0.135
2.P0,-P 0.036 -0.702 -0.409 0.036 -0.702 -0.409
3.DOC 0.739 -0.064 -0.600 0.739 -0.064 -0.600
4.88 -0.441 -0.754 0.186 -0.441 -0.754 0.186

Derived from species
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Fig.7 Relationship of ciliates species communities with environmental parameters
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