
ZooScan measurements of body length and
cross-sectional area. Automated measurements of pre-
served zooplankton as recorded by ImageJ in
ZooProcess were compared with manual measurements
of several zooplankton taxa (appendicularians, chaetog-
naths, copepods, euphausiids, ostracods and thecosome
pteropods) collected in the California Current on
CalCOFI (California Cooperative Oceanic Fisheries
Investigations) cruises. Specimens were collected along
CalCOFI line 80 between February 2006 and August
2008 and preserved in formaldehyde buffered with
sodium tetraborate. Manual measurements were made
using a calibrated on-screen measuring tool, and com-
pared with machine-measured feret diameter, major
elliptical axis, minor elliptical axis and equivalent circu-
lar diameter (ECD) of the same individuals, identified
manually. ECD was determined from the variable “area
excluded,” which excludes clear regions in the interior
of an organism from the cross-sectional area of the
organism. Manual length measurements of curved
organisms (e.g. chaetognaths and appendicularians)
were made by summing a series of line segments along
the central axis of the organism.
For C and N relationships, live zooplankton (cope-

pods, chaetognaths and euphausiids) from the
California Current were anaesthetized with carbonated
water (diluted 1:4 with seawater), scanned, manually
identified and individually measured. Multiple species
were included in each higher taxon analyzed, in order
to obtain group-specific relationships. The cross-
sectional area of chaetognaths and euphausiids was
measured manually on-screen using multiple rectangles
drawn within the outline of each organism. The area of
copepods was measured using two ellipses, one defining
the prosome and the other the urosome. These manual
measurements were compared with machine measure-
ments of the same individuals. Organisms were dried
overnight at 608C and the carbon and nitrogen content
of the individual organisms determined at the analytical
facility of the Scripps Institution of Oceanography using
an elemental analyzer (Costech Analytical Technologies
model 4010) calibrated with acetanilide.

Case study: Bay of Villefranche-sur-mer

To illustrate application of the ZooScan system (www
.zooscan.com), we analyzed a series of samples describ-
ing annual variation of zooplankton from Pt. B (438 41
.100N, 78 18.940E) in the Bay of Villefranche-sur-mer,
France. Zooplankton were sampled with a 57 cm diam-
eter WP2 net with a mesh size of 200 mm retrieved ver-
tically at 1 m s21 from a depth of 75 m to the surface,
and fixed in 4% v/v formaldehyde buffered with
sodium tetraborate. Thirty vertical hauls were made

between 22 August 2007 and 8 October 2008. These
samples were scanned by ZooScan in two size fractions,
,1 mm and .1 mm, leading to a set of 60 scans. For
classification, we began with a learning set of 13 cat-
egories (10 zooplankton þ 3 non-zooplankton) that we
had created previously. This can be downloaded at:
(http://www.obs-vlfr.fr/LOV/ZooPart/ZooScan/
Training_Set_Villefranche/esmeraldo_learning_set.zip).

Description of the ZooScan system

System overview

Hardware. The ZooScan (http://www.zooscan.com) is
composed of two main waterproof elements that allow
safe processing of liquid samples. The hinged base con-
tains a high resolution imaging device and a drainage
channel that is used for sample recovery (Fig. 1). The
top cover generates even illumination and houses an
optical density (OD) reference cell. Although the
ZooScan permits scanning at higher resolution than
2400 dpi, the optical pathway through two successive
interfaces (air to water and water to glass) presently
limits the working resolution to this value. With a pixel
resolution of 10.6 mm, the ZooScan is well suited for
organisms larger than 200 mm.

The imaging area of the ZooScan is defined by the
choice of one of two transparent frames (11 " 24 cm or
15 " 24 cm) inserted inside the scanning cell. Both
frames have a 5 mm step; water is added above this step
to avoid forming a meniscus on the periphery of the
image. Both frames permit the acquisition and proces-
sing of scans as a single image, avoiding biases that may
occur when an image is divided into multiple cells.

Fig. 1. Sample recovery from the ZooScan, illustrating the top cover,
hinged base and sample recovery tray.
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