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Intraspecific forms of female Oithona attenuata

a and c: stocky form. b: small form. d: typical form.  a and b are from costal 
waters of Malaysia (this study), c and d are from Nishida (1985) 



OBJECTIVE

examines the genetic relationships and 
morphological variations among populations 
(small and stocky + typical forms) of Oithona 
attenuata in the Southeast Asia, Japan and 
Central Pacific

Contribute to our understanding of the mechanisms for 
generation of species diversity in the pelagic realm

 focusing on zooplankton in coastal waters of 
Southeast Asia
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1.) Sample collection
Hand net (scoop/tow)
Horizontal/vertical tows (Bongo, NORPAC)
100-300 m mesh
Fixed in 5% seawater-buffered formalin and 99% ethanol

Materials and Methods

2.) Sorting & identification
Oithonids were sorted and identified to species level under compound & dissecting 

microscopes



Materials and Methods

3.) DNA extraction, amplification (PCR) & sequencing

a.) Extraction: QIAGEN Dneasy blood & 
tissue kit

Reaction mixture

Standard PCR Long PCR

15ʮl reaction 25ʮl reaction

Reagent ʮl ʮl

Stabilize Water 7.62 10.75

 2.5 ʮM dNTP 1.20 4.00

MgCl2 2.50

10x Buffer 1.50 2.50

Primer (5 ʮM) 1.80 2.00

Z Taq (Takara) 0.08 0.25

Template 1.00 1.00

b.) Amplification: PCR (9700 thermal cycler, Applied Biosystems Inc.)

c.) Sequencing



PRIMERS

Name of primer Source

Mitochondrial region Machida et al., 2002

12S rRNA

Nuclear region Machida & Knowlton 2012

28S  rRNA



Molecular Analysis

 MEGA Ver. 5 

 Geneious Ver. 5.1.7

 Arlequin Ver. 3.5.1.2

 DnaSP Ver. 5 & 6

 Mr. Bayes

Materials and Methods



Body proportions of Oithona attenuata

Ratio of prosome length (PL)/prosome width (PW) versus total length (TL)



Body proportions of Oithona attenuata

Ratio of PL/urosome length (UL) versus TL 



Gene trees for mitochondrial 12s rRNA showing proportional differences between
individual females of the large and small forms of O. attenuata from Southeast
Asia and neighboring waters

Numbers at branch are bootstrap values (i.e. percentage of tress with branch point
among 10000 subreplicates).



Gene trees for nuclear 28s rRNA showing proportional differences between
individual females of the large and small forms of O. attenuata from Southeast
Asia and neighboring waters

Numbers at branch are bootstrap values (i.e. percentage of tress with branch point
among 10000 subreplicates).
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Pairwise % diference for 12s rRNA. % values in bold indicate
pair-wise comparisons between forms

Pairwise % deference for 12s rRNA. % values in bold indicate pair-wise 

comparisons between forms 

small form vs large form: genetic difference = 15 – 19% 

small vs oceanic large = 17-19% 

large coastal vs large oceanic forms 

between large forms 

genetic difference = 5 – 8% 

stocky form vs. typical 

form=5-8%

small form vs. stocky form=15-19%

small vs. typical form=17-19%



Pairwise % diference for 28s rRNA. % values in bold indicate
pair-wise comparisons between forms

small form vs. stocky form=2-

3%

typical form vs. small form=3%

stocky form vs. typical form not 

significant
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 Reproductive isolation of O. 

attenuata =  speciation with 

salinity gradients?

 stocky-coastal vs typical-

oceanic

 elusive

 necessitating wider sample 

coverage

 copepods with highest 

environmental 

adaptability = little 

genetic differentiation

 cryptic species in other inlet–

oceanic  species 

 O. nana & O. simplex, 

 integrative morphological-

and molecular analyses

Summary



Thank You!
Tusen Takk!

Maraming Salamat!
ありがとうございました！

Merci!


