
1

Wuchang Zhang  （张武昌）

Institute of Oceanology, Chinese Academy of Sciences （Qingdao, China）

2018-9-18

Vertical distribution of planktonic ciliates 

in the oceanic and slope areas of the western Pacific Ocean 

西太平洋海区至陆坡浮游纤毛虫的垂直分布



Ciliates in the marine pelagic ecosystem
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Stenseth, Nils. 2004. Marine Ecosystems and Climate Variation: The 

North Atlantic. A Comparative Perspective. OUP Oxford.

Protozoa, single cell



Photos of some planktonic ciliate

无壳纤毛虫和砂壳纤毛虫图片
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Bar=10 μm



Taxonomy   
Protozoa- heterotrophic, single cell
Ecologically-Microzooplankton



2012，930 species 2015， 144 species

Taxonomy: two groups

- tintinnids with shell

- aloricate ciliate without shell
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Planktonic Ciliate Project Website
http://www.zooplankton.cn/Default.aspx?tabid=604

无壳纤毛虫 砂壳纤毛虫



Biogeography---usually horizontal direction

- no study in aloricate ciliate
- genera level in tintinnids
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Warm water 
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https://www.ametsoc.org/amsedu/DS-Ocean/home.html

Horizontal temperature gradient vs. 
Tintinnid genera biogeography 

a

How about their vertical distribution???
a

Boreal,  warm water,  Austral



Working status

Boreal (Arctic):  manuscript is submitted to Polar Biology

Warm water: published Wang CF, Li H, Zhao L, Zhao Y, Dong 

Y, Zhang WC, Xiao T. 2018. Vertical distribution of planktonic 
ciliates in oceanic and slope area in the tropical west Pacific. 
Deep Sea Rea II. DOI: https://doi.org/10.1016/j.dsr2.2018.08.002

Austral (Antarctic): published Liang C, Li H, Dong Y, Zhao Y, 

Tao Z, Li C, Zhang W, Gregori G. Planktonic ciliates in different 
water masses in open waters near Prydz Bay (East Antarctic) 
during austral summer, with an emphasis on tintinnid 
assemblages. Polar Biology online
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Vertical distribution of planktonic 

ciliates

in the oceanic and slope areas of the western Pacific Ocean 

in warm water 
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Venrick EL. 1995. Scales of variability in a stable environment: phytoplankton in the central North Pacific. In Ecological
Time Series. Powell TM and Steele JH. Eds. New York: Chapman and Hall

Reynolds CS. 2006. The ecology of Phytoplankton. Cambridge University Press. Cambridge, New York, Melbourne, 
Madrid, Cape Town, Singapore, San Paulo.

Western Pacific Background

1 North Pacific Gyre                     2 Phytoplankton Climax

Five gyres in warm water



Atlantic Temperature 2011年

The warm water was vertically stratified



Deep Chlorophyll a Maximum               Layer
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Equator
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Two groups of
phytoplankton species 
according to position of 
abundance peak

Venrick EL, 1988. The vertical distributions of chlorophyll and phytoplankton 

species in the North Pacific central environment. J. Plankton. Res. 10(5), 987-998.

Venrick EL., 1995. Scales of variability in a stable environment: phytoplankton in 

the central North Pacific. In Ecological Time Series. Powell TM and Steele JH. 

Eds. Pp. 150-180. New York: Chapman and Hall

Stations

1 Surface

2 DCM



Questions & Hypothesis

Q1:  is there depth distribution for ciliates?

Status: no data. Only studied in Mediterranean Sea

Hypothesis: surface peak and DCM peak

Q2: how about it in the slope (edge of the gyre)?

Status: no data.

Hypothesis: influence from the shelf waters 
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Sampling method:

Water sample 1 L from rosette bottles

Fixed with Lugol’s solution



Counting in the lab

Inverted microscope
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Thermocline and DCM shoaling in the slope waters

Low salinity water from shelf 
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Depth distribution profiles

Bimodal in the western Pacific 

Surface peak in the Shelf waters

Low tintinnid percentage in 

surface of Shelf waters

DCM

DCM

DCM

DCM

生物量(μg C/L)
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南海北部大洋水
影响站位

南海北部近岸水
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无壳纤毛虫 砂壳纤毛虫
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Abundance

Biomass



22

丰度（ind/L）

百分比

水
深

(m
)

热带西太平洋
海区

南海北部大洋水
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Salpingella faurei Canthariella brevis

Dadayiella 

ganymedes S. faurei S. acuminata S. curta Proplectella parva D. ganymedes

Steenstrupiella

gracilis S. gracilisS. intumescens

Rhabdonella 

sanyahensis Eutintinnus apertus

Protorhabdonella 

simplex

Amphorides 

quadrilineata S. intumescens

热带西太平洋海区 南海北部海区

Group I (0-100 m)：丰度和所占比例随深度递减
Group II (50-200 m)：在100 m有丰度和占比高值
Group III (100-500 m)：丰度随深度递减
Group V (各水层均有)：热带西太平洋在DCM层，
南海北部则在50 m水层
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had different species



Questions and Answers

Q 1:  is there depth distribution for ciliates?

1) Tintinnid have two groups: surface peak-DCM peak

2) Aloricate ciliate may have similar groups.

Q 2: how about it in the slope (edge of the gyre)?

1) also have two groups, 

2) showed influence of shelf waters. 
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Bimodal in Pacific  (in other studies)

Exist but not recognized
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Yang, E.J., 2004. Mar. Biol. 146, 1-15.
Sohrin, R., 2010. Deep-Sea Res. II 57, 1537-1550.

Yang et al. 2004
Sohrin  et al. 2010
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Bimodal distribution was found in slope water in March 2017.  

Winter-spring in slope was influenced by oceanic water? 

Hydrological support?

More story –

Seasonal variation in the slope

March 2017June 2015
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Phytoplankton Ciliate Zooplankton

?

Perspective

1, The euphotic zone is 

biologically stratified 

2, Different layer has different 

structure and function

In each figure, different ecotype in different layer
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Thank you for your attention!

wuchangzhang@qdio.ac.cn

Wechat: wx1016312329

This PPT could be distributed freely. 

The author of this PPT do not guarantee the authenticity of any content inside.

You can donate to ciliate studio by 
scanning the code with Alipay

mailto:wuchangzhang@qdio.ac.cn


2017年3月-4月东印度洋站位
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4断面

砂壳纤毛虫在表
层和DCM层丰度
较高，大体上呈
双峰型分布。

Transect distribution of tintinnids


