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[1] The direct measurement of zooplankton biomass following the different analytical
procedures normally requires the destruction of the samples. The use of conversion
factors to estimate biomass from nondestructive methods is still a challenge. The
widespread use of image analyzers and optical counters in biological oceanography
provides a useful tool to measure the abundance and size spectrum of zooplanktonic
organisms in real or quasi-real time. Both methodologies measure the equivalent spherical
diameter and/or the body area of organisms. In order to estimate biomass from the highly
valuable information generated by the size spectrum of the sample, we measured the
relationship between individual body area and individual biomass of the most common
species and groups of zooplankton in Antarctic waters. The slope of the regression for
each different species and groups of taxa was not significantly different from that
obtained by pooling all taxa, thus providing a general relationship for the entire size
spectrum of zooplankton. The biomass estimated from the body area spectrum of samples
obtained around the Antarctic Peninsula agreed with other measurements of biomass in
the region. The proposed conversion factor could provide for rapid estimates of biomass
of net-collected zooplankton from imaging devices or optical plankton counters.
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1. Introduction

[2] Measuring zooplankton biomass and preserving the
sample for taxonomic, size spectrum analysis and collection
is still a problem in biological oceanography. Biomass
determination following the different analytical procedures
available [see Postel et al., 2000], require destruction of the
sample for weight measurements. However, zooplankton
samples and, in general, samples in biological oceanogra-
phy are an important source of information for future
studies. The time and cost of acquiring such samples argues
against the destruction of the highly valuable information
they contain. Because of this problem, the use of conversion
factors to estimate carbon or nitrogen biomass from nonde-
structive methods such as the use of displacement volumes
or wet weight is a common solution [Wiebe et al., 1975; Le
Borgne, 1975; Corral et al., 1981; Postel et al., 2000].

[3] The advent of the image analysis techniques allowed
the estimation of the biovolume of organisms, assuming a
geometric volume approximation, to convert the generated
volume to biomass using different conversion factors from
the literature [see Billones et al., 1999]. Another procedure
is to assess the biomass by using a previously obtained
relationship between total biovolume in the sample and
biomass in a unit-volume basis [see Alcaraz et al., 2003].

Although the inherent problems of classical procedures such
as the different interstitial water content of samples of
different taxonomic groups are avoided using image anal-
ysis, the taxonomic composition of the sample as well as the
size spectrum of organisms will affect the choice of con-
version factor. The geometric volume approximation gives a
rather artificial volume and this erratic volume of different
groups of animals is then converted to biomass using
general assumptions. The conversion from the biovolume
to wet weight, dry weight and carbon also promotes
increased error. The procedure given by Alcaraz et al.
[2003] partly avoids the latter problems but still relies on
a general conversion factor that cannot account for the large
heterogeneity and size spectrum of zooplankton. Whether
the general relationship obtained by these authors works in
constantly changing communities of zooplankton remain
to be tested. In any case, its use for biomass estimates
is restricted to entire samples, precluding the use of
the method for assessing biomass of different portions of
the size spectrum of zooplankton generated by image
analysis or optical counters, which may contain highly
useful information.

[4] The common use of image digitalization and auto-
matic counting and sizing of zooplankton by optical proce-
dures (e.g., optical plankton counter, OPC), which produces
measurements of size and area of individual organisms, has
encouraged biological oceanographers to obtain estimates
of biomass from the information generated by those devices.
Particularly, the use of the OPC in oceanographic studies
provides a potential standard procedure to rapidly count and
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size zooplankton. However, the use of these data to provide
reliable estimates of biomass remains in question, mainly
because of the lack of conversion factors relating the
equivalent spherical diameter (ESD) measured by the OPC,
or the area generated by image analyzers, to the biomass of
individuals producing such signals.

[5] Image analyzers and OPCs produce similar and inter-
convertible measures. The latter generates the ESD by
converting the organism’s volume into a spherical form
[Herman, 1992]. However, the dimension measured by the
OPC should be considered as the equivalent circular diam-
eter (ECD) [Sprules et al., 1998; Beaulieu et al., 1999], the
diameter of a circle with the same area as the silhouette of
the organisms passing the OPC beam [Sprules et al., 1998].
Image analyzers measure the area of the animal by summing
up the pixels generated by its shadowed silhouette. Both
measurements are directly interconvertible, since the area of
the organism can also be obtained from the ECD generated
by the OPC. In the present work we attempted to directly
calibrate the area of the most common zooplanktonic
organisms of Antarctic waters with the individual biomass
of each organism. The relationship we obtained can be used
directly to estimate the biomass of a sample by converting
each individual ECD, or area of the size spectrum generated
by the optical devices, into individual biomass. The appli-
cation of this relationship produced biomass estimations
that agree with the values expected in Antarctic waters
during summer.

2. Material and Methods

[6] In order to compare individual body mass and the area
of the zooplanktonic organisms, we produced the silhouette
of each different organism using a previously published
procedure [Edgerton, 1981] and also directly measured its
individual biomass. Silhouette photography was done on
shipboard in a darkroom using orthocromatic film (AGFA
Litex 0711p). The film was positioned under a transparent

tray containing the sample in a thin layer of water and a
stroboscopic lamp (EG&G FX-6A) was placed at 50 cm
from the tray. The film was later processed following the
instructions of the manufacturer. Digital image analysis was
made on the resulting silhouette photograph using a CCD
camera placed in a Wild M8 stereoscope microscope for the
200–500 mm size fraction; we used the camera’s macro lens
for larger size classes. Images were digitized using a
personal computer, a frame grabber (Data Translation) and
image analysis software (Global Lab Image). After correct-
ing for grey level threshold of the images, the area obtained
by the computer-generated perimeter of all organisms in the
image was recorded and stored. The system was calibrated
for both the microscope and the macro lens.

[7] In order to estimate biomass from the area of each
organism, the body area of specimens of different species
(Calanus propinquus, Metridia gerlachei, Rhicncalanus
gigas, unidentified small copepods, ostracods and euphau-
siids) was always measured in a similar position respect to
the stroboscopic lamp, and individual dry weight was then
measured using standard procedures [Lovegrove, 1966].
Specimens were dried at 60�C for 24 hours and later
weighed, first allowing the sample to reach room tempera-
ture and avoiding humidity. For small copepods, organisms
of similar size were grouped (2 to 6 per sample), photo-
graphed and processed for body area, and later dried in
order to obtain a reliable measure of weight using the ultra
microbalance (Sartorius supermicro, ±0.2 mg).

[8] The field samples used to estimate biomass from the
body area spectrum of zooplankton samples were obtained
from 17 January to 5 February 1996 on board the R/V
Hespérides [see Anadón and Estrada, 2002]. A grid of 22
stations (Figure 1) was sampled in the shelf waters of the
Bellinghaussen Sea and the Bransfield and Gerlache straits
(Antarctica). Zooplankton samples were obtained in vertical
hauls from 200 m (or 10 m from the bottom at shallower
stations) to the surface, using a WP-2 net [UNESCO, 1968]
equipped with 200 mm mesh. Samples from the net were
size fractionated into 200–500, 500–1000 and >1000 mm
classes and processed for silhouette photography and digital
image collection in order to estimate biomass from the body
area generated by the organisms. Finally, the sample was
preserved in formalin (4%) for taxonomic analysis.

3. Results

3.1. Individual Biomass-Body Area Relationship

[9] The relationship between individual biomass and
body area measured with the image analyzer was best fit
by a power function. We observed better correlation coef-
ficients for the relationship of individual weight to area than
to length of organisms (not shown), denoting that the former
parameter is best for calibration. The use of organism
volume is likely to promote additional errors because
of the need to assume cylindrical or ellipsoidal shapes,
sometimes quite different from the real morphology of
organisms.

[10] Different species of copepods, ostracods and euphau-
siids were measured for individual weight and area, obtain-
ing the regression values shown in Table 1. Similar slopes
were found in copepods except for the large copepod
Rhincalanus gigas, which showed the largest difference in

Figure 1. Location of the stations sampled north of the
Antarctic Peninsula during January-February 1996 during
the Fruela 96 cruise.
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