New metnods for using a coniinuous imaging
particle analyzer (FlowCAM®) for the analysis
and
classification of zooplankion
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Flow Cytometer And Microscope
(FlowCAM)

300+ FlowCAMIs sold
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An imaging-in-flow system for automated analysis
of marine microplankton

Christian K. Sieracki®, Michael E. Sieracki, Charles S. Yentsch

Bigelow Laboratory for Ocean Sciences, PO Box 475 McKown Point, ‘West Boothbay Harbor, Maine 04575, USA

ABSTRACT: Present automated systems for counting and measuring marine plankton include flow
cytometers and in situ plankton video recorders. Neither of these approaches are optimal for the
microplankton cells which range in size from 20 to 200 pm and can be fewer than 10* I'", We describe
here an instrument designed for rapid counting, imaging and measuring of individual cells and parti-
cles in the microplankton size range from cultures and natural populations. It uses a unique optical ele-
ment to extend the depth of focus of the imaging lens, allowing a sample stream flow rate of 1 ml min'.
The instrument stores a digital image of each particle along with real time fluorescence and size mea-
surements. An interactive cytogram links a dot-plot of the size and fluorescence data to the stored cell
images, allowing rapid characterization of populations. We have tested the system on live phytoplank-
ton cultures and bead standards, proving the system counting and sizing accuracy and precision. The
system provides images and size distributions for cultures or natural marine samples. It has been used
successfully at sea to continuously monitor particles while underway. It may prove useful in studies of
plankton community structure, ocean optics and monitoring for harmful algal species

KEY WORDS: Imaging - Flow cytometer - Microplankton - Binary optical element - Cell counting - Cell
sizing - Natural populations - High rate - Cultures
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FlowCAM Models



Submearsible FlowCAM
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FlowCAN Feailres

Continuous imaging (1-20 frarnes/sec)
Can bz usead in laboratory or in-sity
Size and shape info for all particles/cells

I\/|'I|flr)|'—‘ Methods of Irmage Acquisition
» 2 Channel Fluorescence/Scatter dataction
» Continuous imaging (L-20 frarmeas/sec)
Visualspreadsneet®
» 30+ Image Pararmeters collectaed and measuread
» Image Recognition
» Automatad Identification, Classification & Enumeration

Image Collagas exporiabla to Zoo/Pnytolmage



Raw TIF File
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Flow CAM Apolicaiion

Aquati Flankton Ressarcin
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Water Treatment (Brinking)

> Plankion Monltoring — T&O and Cyanclaciaria

> rarticie rkemoval Analysis

Raltast Weler Testing & Ressarch

» Viahllity Analysis
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FlowCAM Apolic
(Industrial)

> Pharmaceutical

» rarantal Drug
» 21 CFR Conrpliant
> rood
> rartice Size & Shape Anaysis
7> Yeast Ana iy
» Abrasives
> rarticie Size & Shake Anailysis

> Chamical

» On-cne Quaity Contrel and Ressarch

» A!gae-to-BioFue!s

g, Drug Formuiations

allonNs

» Loid Analysis (NU2 Rad), Counting, Bio Reactor

Contan.nation
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Zooplankton Challenges



Zooplankion Sei-up



Integraiad Syringe Pumgo
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VisualSoreadsnee

Autormated Recognition Algorithm
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Binary lmage
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VisualSoreadsneei™

Moving Forwvard
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