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SUMMARY

I. Subject

- Automation of phytoplankton image acquisition using Imaging FlowCytobot

II. Objectives and Necessities

1. Objectives

- Acquisiton of high resolution images of phytoplankton using Imaging
FlowCytobot

2. Necessities

- Phytoplankton plays an important role as a primary producer in the ocean.
Phytoplankton community structure, biomass, and productivity are directly
affected by physical and chemical environmental variables, thus their
ecology is important to understand the marine environment and ecosystem

- Field survey conducted at limited sampling stations appear to make a
deeper understanding of phytoplankton ecology difficult

- It is urgent to establish an automatic observation system to acquire
continuous plankton image data in order to deeply understand the
phytoplankton distribution on the course of the Araon

IM. Contents and Scopes

- Collection of environmental data and phytoplankton samples in the study
area of the polar oceans

IFCB operation and data acquisiton in the Araon during the field survey
- Sample analysis and post-processing of acquired data

- Understanding of phytoplankton spatial distribution in the study area

IV. Results

- Successful establishment of the system of automatic observation of
phytoplankton image acquisition in the surface water on the course of the
Araon



- Achievement of the automated classification accuracy of ~80% of
phytoplankton images acquired in the West Antarctic Ocean using machine
learning

- In the West Antarctic coastal waters, phytoplankton community showed
distinct spatial distribution in the open ocean, marginal sea ice zone, and
polynia, and also showed a different community structures within polynya,

indicating complex distribution characteristics

V. Application Plans

- Will conduct in-depth research in the field of marine ecosystem and
biogeochemical cycle using an information such as phytoplankton species
composition, abundance, and biomass, which are the primary producers of
the marine food web in the polar oceans

- Will be utilized for monitoring the spatial distribution of phytoplankton
species abundance in real time by an automation of continuous observation
and data processing for phytoplankton high-resolution image data on the
Araon’s route

_Vi_
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PACE will show all chllorophyll is not created equal
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# 1.

Features

roi_number

Area

Biovolume

BoundingBox_x
width
BoundingBox_y
width

Convexhrea

ConvexPerimet
er

Eccentricity

EquivDiameter

Extent

FeretDiameter

olu] 4 9] 53X 5A

(Features) <A

Description

Region of interest (ROI) number,
consecutive from original data acquisition
cross-sectional area of largest contiguous
blob in ROI

volume estimate for the largest blob,
assuming cross-sections in the third
dimension are locally circular (solid of
revolution for simple shapes; distance map
based for complex shapes)

dimension along the x-axis of the smallest
rectangle containing the largest blob
dimension along the y-axis of the smallest
rectangle containing the largest blob

area of the smallest convex polygon that can
contain the largest blob (area of the convex
hull)

perimeter of the smallest convex polygon
that can contain the largest blob
eccentricity of the ellipse that has the same
second-moments as the largest blob (0 =
circle, 1 =line segment})

diameter of circle with same area as largest
blaob

Units
NA

squared pixels

cubed pixels

pixels
pixels

squared pixels

pixels

dimension-
less

pixels

area divided by the area of the bounding box pixels

INCORRECTLY computed in v2; maximum
distance between any two points along the
boundary of the largest blob ("caliper
diameter")

_12_

pixels

Additional resources

MATLAB regionprops function

Moberg and Sosik 2012; doi:
10.4319/lom.2012.10.278

MATLAB regionprops function
MATLAB regionprops function
MATLAB regionprops function
MATLAB regionprops function;
computed from ConvexHull

MATLAB regionprops function
MATLAB regionprops function
MATLAB regionprops function

MATLAB regionprops function;
computed from ConvexHull
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red number.

\
Highlightm Class selection list displayed in alphabetical order /

\ Any ROI clicked now

will be move-d to this Information displayed
class (Destination about current activity and
clsss)‘ what to do next
Use “SELECT remaining in class” | L - . : =S
ISIINg o ) o0 120
to save on clicking time I /
, Y| OSELECT remaining in class _detcatia

% 8. IFCB2 54 AEEHAE T ovA 5% &7

(3) Classifier W& 7]

IFCB olu#] EFE a9 TP duzg5S A& o2 9ste] zZ+ Z4
2o 3t Classifier’t 2 23l o= olulx|o A FEF% FeaturesE 7|Wtoz LA H
otz Szl AAE Fo olm Ao g FF EF7F dEEHW Edeld HelHE
7357l 918l FeaturesE Y vk o5 A A3 ALZAAR Ee] =5 A4 dho
Classifiers AAdstal sAlel E95= dddo] 7t ag=Zef 34 Ad3E Slstt
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(4) oln A AF 5

W= o] 7 Classifiers A o]u| x| dlo]g o] thgt = 4
o] st A I} ]Lé FEoHaL ot YA HE
43ttt [FCB 4 3d= R=s
483t

5l 25lo] 7z Zej o] A% H, =T A

4&
z
bl
S
M
%

o dloly A Ay

=0l 72 Classifierd] thste] H7F a8z 47

=3l A<t NEEFIAE F oA Hole
o} AsEF FAW2 23&o] WAl 18%°]H, U]%

# 4 threshld& At 2 < 11%=E Ye (29 9 FHF ExsHe A=Y

il FAreE A= YeEWT (Angles et al, 2015 Selz et al,

oL

manual vs. classifier; optimal score threshold

LS
Ampﬁdaﬁﬁiﬁ

a9 9. FEERF oluA e AFEF O]U]X]Q] U] &
H2E A3} (JA 238 18%, v&A v&
13%, # 4 threshold= /\}%d e 11%)
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ZF 9EF4-a T A4S 9389 underway 35S 47 mm. FEld - o A
gk & A 7HA FEE® st FES Sl 90% otAlEel AHRAE gol |
oA Bt ar, 24413 = 04 um pore sized] AlHA IHZ (25mm) o] Zst
Az ARAE AYd F EF P54 -a Sigma)E BAE FFFE=A

0=
o]
A

bl o

ot

Ll
AN
o,
ol

(fluorometer; Trilogy model, Turner Designs, USA)E o]&3lo] &34
o UNESCO (1976) Al4tA S F3to] Al4bstAth (Parson et al., 1984).

olg}es FEAC underway WTFE A4 47 mm9 FHAFIHA (GF/F,
Whatman)ell o] #3fe] 224 H7px] -80 Coll B#EATt o A= 95% wES 3 ml
of ¥u 5% T 2534 (ultrasonication) ¥ oW A A7FA] WYokho| A 244]
HAath A4S 98 25 mm Z‘ﬁ«] H X2 syringe filter (MFS, 0.2 im pore
size) 2 FE 2 % 939 9L getr] Y5t 24 A" FE9 1 el 0.3
e FFTE H7bskArh 4%‘%6*&% A AAEAS et 14T dA A=
ntE 723 (HPLC, series 1200 chromatographic system; Agilent, Germany)”} ©] &%
A om 217H4 i MAE o]&ste HAEUY (i 2) (DHI Water & Environment,
Denmark). A A4S Zapata et al. (2000)9] WS wskt =9 & 913 C8
column (XDB*CS, Agilent, USA)o] AF&% Attt MA+E photodiode array detector
(SPD-M10VP)E AF&3to] 440 nmol X AZHAL 2+ 929 ~HAES (350 - 750
nm) Hg FA AT ZF A2 wEE A ZFEAL HRE AR B sk
T353R o1 response factor= XTAMA e F=UF (ng)F peak WA HIE&ZE At
Atk T T B335 (spectrophotometry) 2 4" HAWFH= v

= ¥4
dHA Q= 7 TN LY FHATE ol &t BAHUT (Jeffrey et al., 1997).

=
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# 2. HPLC HBEA Agd EF A4 3 ofx)

Pigments Abbreviation

Chlorophyll c; Chl 3
Chlorophyllide a Chlide a
Chlorophyll ¢, Chl 2
Peridinin Perid
Pheophrobide a Phide a
19'-Butanoyloxyfucoxanthin But-fuco
Fucoxanthin Fuco
Prasinoxanthin Pras
Violaxanthin Viola
19'-Hexanoyloxyfucoxanthin Hex-fuco
Diadinoxanthin Diadino
Alloxanthin Allo
Diatoxanthin Diato
Zeaxanthin Zea
Lutein Lut
Canthaxanthin Cantha
Chlorophyll 5 Chl b
Divinyl Chlorophyll a DV chl a
Chlorophyll 2 Chl a
Pheophytin a Phytin a
Bp-carotene B-car

ZU AR EEHIAE TS Y5t AFE T 2 mME cryogenic FEo| 9

10% e} EEYH 3 = (paraformaldehyde) 0.2 mlS #7}sto] oF 158 =<
FAsF o A WA 80 Toll HAFUTE 4] A A5E F0 F Ay
S ZF3kst7] 3 R EEE4 yellow-green fluorescent microsphere (0.5 um
7 el beads; Polysciences Inc., USA)S &3%3to] ARE3IT v EZ9a
Synechococcus, pico-eukaryotes®] 7HAS== 488 nme] of=L o] ol A7} %
FAEFEA 7] (flow cytometer, Accuri C6, Becton Dickinson and Company, USA)Z
o]-&3&to] AFaAtt (Marie et al., 1997). ZvAAEZHIELS 90°-angle light
scatter (SSC)2F @ =4 9d A& (red fluorescence), phycoerythrinel] 2]3gk <
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A2 &3} (orange fluorescence) 54 S o|&3te] ®a, AFaAtt. FAEZEY
71014 Ab=%E A5+ FlowJo 213 (Tree Star, Inc., www.flowjo.com)S ©]-&
!

of LA sk

rulo

FE MAa 2HE AEEEAE T ASH VN P TEE # gt 2
HE BAY (2" 10). of=Alde] A= WS (Getz Iceshelf) A= At o= 2
HEZFQ Phaeocystis antarctica’t A EZHAE dAEH HA-Hedom F34A
s HERFY AA MR Hex-fucod] X7t =7 Uetwth 228 iy FH5
e eduFe FrRe @ede $Asd UHwow oF 1Fel Ax4xd
AlloS} Fucod] %7h Athdem %A deseh ofzalal osyee] sy Fu
N B HRAAR FEHA $ 0] EEOH Fuco SEA 2AAG FAT $
dez Jeud. ofEal EaycldAr dwdez ALIRaE Az P
antarctica’} T;do Ao AR A A FFo L] =A dEsta, Fed A
2> E9 Fucod H%7F EoF IFCBSH HPLCE &8¢ AEZgas #5 Aot 31
A AeEdae v Heds duEA Eoﬂ At
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(a) West Getz  Ross Sea West Getz
100% we= ENENECEEEEGED 15
g
2 80%
e
[+F]
En 10 —~
—~
o 60% ©
o A
- L13)
L2 0% . %
€ I 5 O
&
S 20%
=] Y
£
o
DYy ENSENEESSRES © - _
135 7 9111315171921232527293133353739414345474951
Stations
. Allo e b-car e But-fuco chi-b s chl-c2 i chl-c3
I Diadino N Diato I Fuco = Hex-fuco W Lut  mg-dvp
m Neo e Perid e Pra Viola e Zea —e—chl-a
(b) Lo West Getz Ross Sea West Getz AS ASP

80% L4
60%

40%

Relative frequency of cell number (%)

B Amphiprora

B Chaetoceros

B Frogilariopsis_cc

m Proboscia_olota

W Pseudonitzschic_ps
© Phaeocystis

m Eutripticiio

« Karenia

a3 10. 20204

A /\lg_};_g]. o].a].,Q_

™o e s e~ e B T T ) L) w o
BHRARBYYR5 3362 RRE88RE
# Syringe
m Asteramphalus m Banguisio belgicoe
m Corethran_peanatum m Cylindrotheca
W Fragilariopsis_kerguelensis B Mitzschio
® Proboscia_inermi 1w Pseudonitzschio
W Thalassiosirg W Tholgssiothrix
m Dictyacha m Cryptophytes
= unclossified | Amp hidinivm
= Praraocentrum ® Proterythropsis
Q 1= = =] 2~
19 A=l Aty sfsAl =
Y -
FEAgA ALASH

£ (%)
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W Centric_diatams
m Dactyiiasslen
W Plagiotropus_gaussi
: Pseudonitzschia_lineola
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m Pyromimanas
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(a)

Salinity

(b)

Temperature

—_
@)
~

Fluorescence

2020-01-01 00:00:00 2020-01-09 21:00:00 2020-01-18 18:00:00 2020-01-27 15:00:00

a7 11,2020 14 A= A9k obgk2 &2 underway sfold AL
49 (@ 92, b)) 72 (0), (o 9452 % (ueg/D)

ZAE 713F Eet ofgk s ghao] AX® F=A (LI-1400, LI-COR Inc., USA)E
ggato] 5% TR dxTFS AFsATh A= e dAAFE Z2EE AF ofk
2 =

A EFYolzkA 20209 1€ - 29zt FdE dFRAIE w9 dxw
(Photosynthetlcally available radiation, PAR)2 19 %o Adoz &2 J3asE H

13l 19 109 ol 29 &7 HAF fgaston O oo thA FUbste S
S UEtiY (28 12). g9 dx=e sHA ¢l 1296 32 E Holal AJzko] x|
wel JAa AasteE AdWE S Holn (Arrigo et al, 2012) ¥ AFAAE AH
1007 oA 180" o ol2+& FZtH$] WeolA PARgES AdA WG5S B so=
Aot Ad s ooy} ofAl A7k wigk T ti7|$ el 7|l e
YE dxge dd W 9%S v A (Raphael et al, 2016) o]# 3 Ald 9L 7]
5o gaFo] BxetA vYeiye Aoz dddn
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a9 12, 2020 1€ - 29 AgeE] Adsl ] ofgbe R Ao A
=% A% (Photosynthetically availble radiation,

pmolm™2s™!)

= R
3| do]E+= Nimbus-7 Scanning Multichannel Microwave Radiameter

283191t (Cavalieri et al, 1996). ZAF sl A s Fs=E Fald A&z
A& Ht (29 13). 2020 19 149 LAt s ses dyEd A= 4
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(a)

(b)

Cell number (cells/mL)

Relative frequency of cell number (%)

14,000
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10,000
8.000
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4,000

2,000

100%

80%

West Getz

Ross Sea

West Getz
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.
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L B B B e B B o S B I |
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B Fragilariopsis_cc m Fragilewiopsis_kerguelensis M Nitzschia B Plagiofropus_gatssi
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a9 15,2020 1€ - 29 A7V Et AdEs A
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