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Abstract. The French JGOFS BIOSOPE cruise crossed thehese parameters, we show that the volume of large parti-
South Pacific Gyre (SPG) on a transect between the Mareles can equal the volume of the smaller particles. However
quesas Islands and the Chilean coast on a 7500 km trarthe proportion of material in large particles decreased from
sect (8 S—-32 S and 8 W—72 W). The number and volume the mesotrophic conditions at the border of the SPG to the
distributions of small (3.5d<30um) and large particles ultra-oligotrophy of the center in the upper 200 m depth. We
(d>100m) were analysed combining two instruments, the expect large particles to play a major role in the trophic in-
HIAC/Royco Counter (for the small particles) and the Un- teraction in the upper waters of the South Pacific Gyre.
derwater Video Profiler (UVP, for the large particles). For
the HIAC analysis, samples were collected from 12L CTD
Rosette bottles and immediately analysed on board while the

UVP provided an estimate of in situ particle concentrations1 Introduction

and size in a continuous profile. Out of 76 continuous UVP

and 117 discrete HIAC vertical profiles, 25 had both setsThe size distribution of particles is a fundamental property
of measurements, mostly at a site close to the Marquesasf marine systems, affecting ecological trophic interactions,
Islands (site MAR) and one in the center of the gyre (sitethe vertical transmission of solar energy and the downward
GYR). At GYR, the particle number spectra from fegun to  transport of organic matter. Despite its fundamental impor-
few mm were fit with power relationships having slopes closetance, size distribution is difficult to measure because parti-
to —4. At MAR, the high abundance of large objects, prob- cles occur over a large range of size and composition, from
ably living organisms, created a shift in the full size spec- sub-micrometer compact particles to large, cm-sized loose
tra of particles such that a single slope was not appropriateaggregates. Accurate characterization of the entire size dis-
The small particle pool at both sites showed a diel patternribution requires instruments with resolution fine enough to
while the large did not, implying that the movement of mass characterize the small particles but sampling volumes large
toward the large particles does not take place at daily scalenough to capture the large, rare aggregates. Such observa-
in the SPG area. Despite the relatively simple nature of thajons of large aggregates must be made in situ because due
number spectra, the volume spectra were more variable beyo their fragile structures they are easily disrupted when re-
cause what were small deviations from the straight line in atrieved for shipboard observation. Until recently, only the re-
log-log plot were large variations in the volume estimates. Intrieval and analysis of the smallest size fractigr:(00.m)
addition, the mass estimates from the size spectra are veryas feasible. The lack of technology hindered the detec-
sensitive to crucial parameters such as the fractal dimensiofion and sizing of larger aggregates. However, recent de-
and the POC/Dry Weight ratio. Using consistent values foryelopment of optic and in situ imaging technologies makes
the measurement of the complete patrticle size spectra more
rapid. The datasets produced by these instruments could be

Correspondence to: L. Stemmann used in biogeochemical studies to assess particle biomasses
BY (Stemmann@ObS-V|fr.fr) and fluxes.
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0 - . - 2 Methods

| | | 2.1 Sampling sites
- ‘ I The French JGOFS BIOSOPE cruise sampled waters on a

Tahiti

Latitude

transect between the Marquesas Islands and the Chilean coast
| on a 7500km transect {(&-34 S and 8 W—72W). The
cruise was divided into two legs: Marquesas Archipelago

Easter Island

Pacific Ocean Cona ,m,-o,,l (142° W, 8 S) to Easter Island (14W, 26° S) and Easter
s - - - S Island to Concepcion, Chile (73V, 35° S). Short duration
Longitude stations (4 h, noted as STA for Leg 1 in Fig. 1) were lo-

cated every 500 km and included measurement of biogeo-
Fig. 1. Position of the short and long (large circle) stations during chemical and optical properties made by using 0-500 m ver-
the BIOSOPE cruise. tical profiles of CTD-Rosette, optical devices, plankton nets.

Three long duration stations during Leg 1 (4-5 days, noted
Previous understanding was that the logarithm of particleas M.AR’ HNLC, GYR n Fig. .1) were Iocated.to s_am_ple con-
concentration (expressed as a number spectrum) decreastégsnng §ystems more intensively .by also using In situ pumps
almost proportionate to the logarithm of the particle diame-and sediment traps to collect particulate material. The parti-

ter (@) with a slope of approximately 4 (Sheldon et al., 1972). cle size spectra from feym to few mm were determined by

Using this result, many authors have argued that there Wergombmlng data from a HIAC/Royco Counter and the Under-

equal volumes of living and non living particles in equal yvater Video Profiler (UVP). 76 UVP continuous casts dur-

logarithmic size intervals for animals as large as the Loch'"9 both Leg and 117 vertical discrete profiles for the HIAC

Ness monster (Sheldon and Kerr, 1972). More recent anal£0n|y during_ Leg 1) were performed. There were 25UVP _and
yses of a number spectra have combined different in situ in—HIAC combined profiles for ITeg 1and 15 comblr_1ed profiles
struments based on aperture impedance, imaging and opti found the Marquesas Archipelago (MAR) anq in the centre
(Jackson et al., 1995;Jackson et al., 1997; Mikkelsen et al® the gyre near I_Easter Island (GYR). The profiles presented
2004). These observations of algal and detritic particles inhe;?tiarne ﬂﬁ?ormmt?n:y :‘/roi:nbl\l/lAﬁ ?thhGYtiF:nbecazse cr)r: the
both coastal waters and estuaries have challenged the abO\%j onal information avaiiable rom the ime Series mea-
hypothesis. They show that most of the mass is found ipSurements made there. _Addmonal profiles are fr_omthe inter-
aggregates larger than 10@n and smaller than a few mil- mediate stations (5 profiles at HNLC, and 5 profiles at STA).
limetres. To our knowledge, no particle size spectra for theg/ilf'?ge?qr;i S};Ey\?;e;; r?l?t%?\ego?nencwilrj]istf/ gt]reu}::trﬁg ;23 gﬁia(‘;t:ft
f i ilabl f . .

range fewum to cm is yet available across surface Oceanspropertles (Ras etal., 2007). The complete series of the UVP

gyres. :
; ._data from the upper 1000 m depth along the entire 8000 km
The aims of the present study are to assess the vertme?ranseCt are presented in (Guidi et al., 2008).

and temporal variability of the number and mass distributions
of small (3.5<d<30um) and large particlesd&100m) . L

in the South Pacific Ocean. To do this, we analyse parti-z'2 Particle-sizing instruments
cle data from the French JGOFS BIOSOPE cruise that too
place across the South Pacific Gyre (SPG). The size spe
tra of particles ranging from fewwm to several mm were

ﬁgiametersd for particles 1.#d<100um were determined
on the ship using a HIAC/Royco particle counter (Pacific Sci-

. entific). The sensor’'soptical system (HRLD 400 HC) of the
calculated from data collected using a HIAC/Royco CounterHiaC Counter (Model 3001) utilizes the principle of light-

and the Underwater Video Profiler (Gorsky et al., 2000)'extinction for particle detection. The liquid sample flows

With the observations, we were able to assess the contribut-h h : Il wh | b i directed
tions of both size fractions to the total biomass in different rough a sensor microcell where a laser beam IS directe

trophic conditions from the hyper-oligotrophic waters of the LhrotlrJ]gh“a rﬁmig\r,:/ &tlit t:e .;a:npélie. dThen“éJht mger;s:ty |sts:annst:ad
central gyre to the mesotrophic conditions of the Marquises yd € tg -extinction p tocl) fothe and use Wr? auto ? ?
archipelago. In particular, we show the sensibility of the par—f"m continuous gain controf of the sensor. WWhen a particie
ticle biomass assessment to the hypothesis made on the valipresent within the sensor microcell, the particle blocks the

of their porosity. The finding suggests that particle properties aser beam from the photodetector. These pulses are propor-

must be known before intensively using particle size spectre{ional i.n amplitude to the light jnten;ity of Iight extinction
to assess biomass in biogeochemical studies. which is a measure qf the partlcle_S|ze. _ The instrument re-
ports the size as Equivalent Spherical Diameter (ESD). Size
calibration is performed with latex beads of known size, but
whose refractive index is greater than the refractive index of

marine particles. Samples were collected from 12L CTD

Biogeosciences, 5, 299-310, 2008 www.hiogeosciences.net/5/299/2008/
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Rosette bottles and immediately analysed on board. Th&.3 Calculating the number and mass size spectra
incidence of sample handling (rosette sampling in the wa-
ter column, and sampling in the rosette) on the size spectrd he particle size spectrum (particle number cm®cm?)
is difficult to evaluate Because the total processing by thels @ useful description of the relationship between particle
HIAC counter took approximately two hours for a 24 bottles abundance and size. This relationship generally follows a
rosette cast, the HIAC was placed on a rotating table to prepower law function of the form:
vent particles falling to the bottom of sample bottles. Despite ~ , ,_«
. X n = bd Q)
this, control tests showed that the concentration measured on
the same seawater sample split among the 24 bottles of thehereb is a constant; the slope and the particle diameter
device decreased by about 20%, presumably due to particlé€Sheldon et al., 1972). The number spectrumiN /dd, can
aggregation and/or dissolution during the counting. Surpris-be calculated frord N, the total number of particles per unit
ingly, this trend was not accompanied by a significant changeasolume in a diameter range betwegrandd+dd wheredd
of the particle size spectra slopes. The sequence of analyis a small diameter increment.
sis always proceeded from shallowest to deepest samples, so Different instruments measure different particle properties
that the measurements were systematically more biased faand, hence, can give different estimates of particle diame-
the latter. We have also examined the merging of Coulterter. For example, the Coulter Counter measures the change
and Hiac available size spectra in the size range where thin electrical resistance when a particle passes through an ori-
two devices overlap. For most of the cases, the number spedice. The resistance is approximately proportional to the solid
tra in this size range are similar for Hiac and Coulter. This particle volume (theonserved volume) and excludes any wa-
may be an indirect indication than the sample manipulationter between the solid parts of an aggregate. The diameter of
for Hiac processing provides minimal bias.The final HIAC a sphere with that volume is tlvenserved diameter, d.; The
data for a given sample was calculated by averaging resultdiameter of the overall object, including any contained water
from four 25 ml replicate measurements. is thefractal diameter, ;. The two are related using fractal
Larger particlesd>60um) were enumerated in situ us- scaling (Jackson, 1990). For a solid object the two diameters
ing the UVP. Two cameras of 73570 pixel resolution and are the same but they can be very different if the particle is
12 Hz of frequency with different zoom lenses (25 and 8 mm) porous, as marine aggregates are.
were positioned perpendicularly to an 8 cm thick light beam When we combine the data from the two instruments, we
generated by two 54 W Chadwick Helmuth stroboscopes anavill discuss the possibility that the HIAC reports a conserved
took their images simultaneously. Only particles illuminated diameter and the UVP a fractal diameter. To convert between
against a dark background were observable. The volumea number spectrum calculated usifg(n ) and one calcu-
sampled were 1.25 and 10.5L for the high and low magni-lated usingd. (n.) we use the following equation:
fication cameras. The short flash duration (pulse duration = dr
30us) allowed a fast lowering speed (up to 1.5m/s) withoutn. =n /
deterioration of image quality. The images of the UVP were dd.
analyzed after the deployment by custom-made software oifhe conversion ofi y to n. requires a relationship between
a laboratory computer (Gorsky et al., 2000). Objects in eactparticle fractal diameter and conserved diameter. Fractal
image were detected, sized and enumerated. The measurgcaling provides such a relationship. The two key descrip-
ment is based on the lateral scattering of light from a particle;tors are an initial cell diamete#; and a fractal dimension for
the instrument reports the particle size as a total number ohggregate®s and the underlying hypothesis are that all ag-
pixels, which is converted to ESD. The UVP recorded imagesgregates are formed from the aggregation of a single type of
over the entire depth range that it was lowered, with one im-particles (phytoplankton cells) and that the porosity of the ag-
age acquired every 8 cm. In order to avoid contamination ofgregates is constant on the entire size spectra. To simplify the
the images by solar light, we have only used images obtainedomplexity of the natural assemblage of phytoplankton cells
deeper than 40 m for day profiles. during the cruise, we assumed valuedgf5um because
We averaged UVP data collected within 2.5 m of the sam-the nanophytoplankton were present at both sites. We have
pled depth to compare with samples collected with the Niskintested three different values of the fractal dimension (1.9, 2.3
sampler. Thus, the sampled volumes were effectively 100 mland 3) for the conversion. The two first values have been es-
75L and 630 L for the HIAC and UVP (small and large zoom timated as being the minimum and average values obtained
cameras) respectively in the Marquesas station. In the Gyréy comparing 118 UVP size spectra data obtained in differ-
the UVP data were combined within 5 m of the depth becausent cruises with combined measured vertical flux in sediment
of the lower particle concentrations there, yielding sampletraps using a Monte Carlo procedure (Guidi et al., 2008).
volumes of 150 and 1260 L for the UVP cameras. This data set used to constrain the aggregate fractal dimen-
sion contains the sediment traps data of the BIOSOPE cruise.
Using the vertical flux of particles to constrain the UVP size
spectra is more accurate than using POC data because the

)
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Fig. 2. Median, first quartile and third quartile of all verticals profiles of the CTD data at the MAR (n=29) and GYR sites (n=35). The
hydrological parameters were (from left to right): temperatf(@)(salinity, density (kg.rﬁ3) and fluorescence (relative unit).

main vectors of flux are the large settling aggregates. These Both the HIAC and UVP techniques undersample parti-
fractal dimensions are within the range of previous estimatesgles at the lower end of their size ranges, producing anoma-
which range from 1.3 to 2.49 (Jackson et al., 1997; Kilps etlous peaks in size spectra. Therefore, we considered only
al., 1994, Li and Logan, 1995; Logan and Wilkinson, 1990; the part of the spectra after the peaks. At the upper limit
Xiaoyan and Logan, 1995). The value of 3 is the upper limit of the size range for any instrument, there are too few par-
and occurs when porosity is constant with diameter. The conticles are present in a section to allow reliable estimates of
served volume distribution can be calculated freassum-  particle concentrations, resulting in poor sampling statistics.
ing a sphere. The total mass can be calculated knowing thé&ssuming that the number of particles within a section is de-
density of the matter in the sphere. At all sites and depth, wescribed by a Poisson distribution, there is a counting error
use a constant cell density£1.027 gcnT?) to estimate the  estimated as the square root of the mean number of particles
total particle mas3/. in that section (Jackson et al., 2005). We excluded values
-~ with 4 or fewer particles within a section from our analysis
A (d, 3 to exclude counts with too high an uncertainty. As a result,
M = / ef =3 (E) dd. @) the effective size ranges of both instruments were lower than
0 the nominal size ranges; typically 3.5-36h for the HIAC

These values of dry weight (DW) can be converted to POC(InSteaOl of 1.7-10pm) and 100-2002m for the UVP (|n_

: ~ . . stead of 6Q:m-5000um). Note that the actual upper size
assuming POC=50% DW (Stramski et al., 2008; Alldredge,;. . . . . .
1998) and compared to independent POC measurementgm'ts of both instruments varied slightly as a function of the

The samples for POC analysis were collected on Iorecom5;1ctual particles abundances. The slopes of the size spectra

busted (450C) GF/F filters (25mm in diameter) on board (—K) were calculated independently for the HIAC and UVP

R/V I'Atalante. For each station at all sites, two depth IayersWlth value_s at either _end of their size ranges excluded. In
were examined in two or three replicated samples. Volumethe following, the particles<{30,..m) detected by the HIAC

of filtered seawater varied from 0.7 to 8.4 depending Onmstrument will be referred as small particles while the parti-

the station and the concentration of particulate matter in thedeS (-1004.m) detected by the UVP will be referred as large

water (Stramski et al., 2008). particles.

2.4 Sizerange
3 Results

The patrticle size spectra can be calculated by dividing the

particle size range into sub-ranges called bins. The HIAC3.1 Hydrography and biogeochemistry of the two sites
instrument has 50 bins having a log-normal size progression (MAR and GYR)

between 1.5 and 1Q0m while the UVP data process used

for the BIOSOPE cruise has 27 bins having a log-normal sizen the MAR stations, surface waters were warm (up to7
progression between 60 and 5Q0®. In the following, the  and relatively fresh~35.6) (Fig. 2). The surface layer had
particles £30um) detected by the HIAC instrument will be  a relatively constant temperature to 70—-100 m depth. A sub-
referred as small particles while the particleslQ0um) de-  surface fluorescence maximum developed-&0 m in the
tected by the UVP will be referred as large particles. Numbermixed layer and corresponded to a measured maximum of
spectra with respect to the reported diameters were calculate@.38 mg Chla m=2 in the water bottle data (Table 1). There
by dividing the number concentration of particles in a sectionwas greater salinity deeper than 100 m signifying the pres-
by the section width. ence of more saline South Tropical Water (the maximum at

Biogeosciences, 5, 299-310, 2008 www.hiogeosciences.net/5/299/2008/
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Table 1. Properties of the MAR and GYR sites.

MAR GYR
0—200 m integrated chlorophyl{mgm~2) 32.6t2.72 20.56:1.17
Maximum chlorophylle (mg m-3) 0.38£0.05 0.1#0.008
Maximum chlorophylla depth 5514 m 176t9m
Euphotic zone depttz€) 72+5m 1604 m
Mixed layer depth 8%9m 40+31m
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Fig. 3. All number spectra in the upper 200 m depth from the HIAC (red) and the UVP (blue) at the MAR site (a and c) and GYR site (b and
d). (a) and(b) are the raw spectra whilg) and(d) are the lower and larger end truncated spectra to account for methodological biases. The
slopes of the number spectra have been calculated using (c) and )d). These spectra were calculated using the particle diameters reported |
the different instruments. The dashed reference line has a slopé. of

160 m). The mean depth of the euphotic zone in this region3.2 Typical size spectra at GYR and MAR
was 72m.

The GYR stations differed by having higher surface salin- The number spectra from both instruments at both sites fol-
ity and lower surface temperature than MAR. The mixed lowed the standard pattern of decrease in abundance with in-
layer was more poorly delimited than at the MAR stations. creasing reported diameter (Fig. 3). Raw spectra from both
The GYR stations had extremely low levels of Ghiluores-  instruments show the typical biases at either end of their size
cence in the surface layer and a Deep Chlorophyll Maximaranges. The data follow a nearly straight line at GYR but not
(DCM), ~0.16 mg Chla m~3 at around 170 m depth. The at MAR. In this latter site, the slope is not as steep in the size
mean depth of the euphotic zone in this region was 160 nrange covered by the UVP.

(Table 1). The TS distributions were relatively constant at

both MAR and GYR over the sampling period. The com- 33 pDistribution of particle concentrations and spectral
plete description of each site can be found in (Claustre et al., slopes at the GYR site

2008).

The two instruments showed different vertical patterns for
the two populations of particles (Fig. 4). The small parti-
cles detected by the HIAC showed higher concentrations in

www.biogeosciences.net/5/299/2008/ Biogeosciences, 5, 299-310, 2008
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Fig. 4. Temporal distribution of the total particle abundance at the GYR site of the (@y&nhd HIAC(c) and particle slope of size spectra
of the UVP(b) and HIAC(d). The black dashed lines indicate local mid-night time while the white dashed lines indicate local mid-day time.
The sampling is indicated by the stars.

the upper 150 m with maxima at 100m. In addition, they 3.5 Frequency distributions of spectral slope

showed a strong diel cycle. The maximum of particle abun-

dance occurred in the afternoon, around 4:30 p.m. Note thal he spectral slope values for HIAC particles averaged about
the attenuation coefficient at 660 nm, a proxy of the carbon4 during the day and 3.9 during the night at MAR (Fig. 6). At
concentration, presents exactly the same pattern of diel variGYR, the small particles showed a double peak for the slope
ation (Claustre et al., 2007a). These diel cycles were coupledt day (3.95 and 3.7) and one peak at night (3.7). The slopes
with a diel cycle in the slopes of the size spectra. The averof 3.7 at day were from deeper than 150 m depth while those
age slopes over the HIAC size range were steeper during th@ith a value of 3.95 were in the upper 100 m (see Fig. 4d).
afternoon around 4:30 p.m. and flatter during the night. Theln contrast two distinct slope modes and no diel variation
large particle concentrations estimated with the UVP werewere observed for the large particles detected by the UVP, at
highest below 100 m depth. The diel variations observed fovalues centered on 3.8 and 2.5, respectively for the GYR and
the small particle slopes were not detectable for the large patMAR sites.

ticles in the UVP data below 40 m.

o . . 4 Discussion
3.4 Distributions of particle concentrations and spectral

slopes at the MAR site 4.1 Potential origin of particles

Both large and small particle concentrations were greatest ilNeither the HIAC nor the UVP differentiated between living
the upper 80 m at MAR (Fig. 5). Small particles in the upper organisms and detrital material. Additional information col-
75 m had diel cycles for concentration and slope. The pattertected during the cruise, including WP2 0—200 m vertical net
of this cycle was identical to that was observed at the GYRsamples (for mesozooplankton counted with the ZOOSCAN
station. The large particles detected by the UVP did not showsystem (Grosjean et al., 2004)), microscopic counts of water
such diel cycles but there was a decrease in abundance ars&amples, pigment characterization by HPLC and in situ opti-
spectral slope after 28 October. The minimum slope was atal properties, can provide insight to the nature of the particle
100 m depth on 27 October, but was at 140 m depth on 29 Ocmaking up the size spectra.

tober. Note that the temporal decrease of large particles was At GYR, the peak of small particles centered at 100 m
accompanied by a decrease of the small particles. The speevas not associated with a peak of fluorescence although it
tral slopes of the large particles were lower &P <2.5) corresponded to a peak of Prochlorococcus and a popula-
than those for the small particles (38<3.7) in the upper tion of non vegetal particles (Grob et al., 2007). Accord-
200 m depth. ing to Grob et al. (2007), the proportion of vegetal particles

Biogeosciences, 5, 299-310, 2008 www.hiogeosciences.net/5/299/2008/
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Most of the large object detected in the UVP images at
MAR site were transparent disk-shaped objects witf2—
5mm present at concentrations of 1-1FL(Fig. 7). They
were located throughout the upper 200 m but had a maxi-
mum concentration between 120 and 170 m depth. These
objects had different shapes than single celled or aggregated
large diatoms such as the abundalitzosol enia bergonii and
were not observed in the visual count of samples from Niskin
bottles or plankton nets possibly because they had been de-
stroyed during the sample processing. Their shapes are sim-
ilar to those of large dinoflagellates, suchNactiluca, but
these objects are larger. They have not yet been identified
but seem to be living organisms. They are mostly respon-
sible for the smaller spectral slopes and the large calculated

_ ideo f the unidentified | b particle biomass at the MAR site deeper than 100 m. Their
Fig. 7. UVP video images of the unidentified large objects at MAR. 16 g importance in the ecosystem remain unknown.
All the scale bars are 5 mm but the one in the upper left corner where

itis 3mm.

4.2 Uncoupled temporal dynamics of small and large par-
ticle pools

increased with depth and was the highest in the DCM. Al-
gae in the DCM were mainly picophytoeukaryotes, althoughSmall particles showed clear diel cycles in both total abun-
some coccolithophorid plates and diatom cells were alsagdance and relative size distribution at both MAR and GYR
present (Beaufort et al., 2007;068ez et al., 2007; Ras et that were not observed in particles detected by the UVP. At
al., 2007). The small particle did not show any peak in thea first view, the variations in particle concentration (Figs. 4
DCM probably because the minimum size used to calculateand 5) and mean size (data not shown) do not support a
the size spectra (3/om) is larger than the dominant phy- phenomenon of autotrophic division where size normally in-
toplanktonic cells. The large particles had only one max-creases during the day due to C fixation, and particle number
imum in the DCM that was found in all profiles suggest- increases at night due to cell division, although the variation
ing that the particles at 100m depth were not a source obf attenuation coefficient measured at the GYR and MAR
aggregates but that the active picophytoeukaryotes, coccobtations clearly support diel cycle of C fixation (Claustre et
ithophorid plates and diatom cells found in the DCM could al., 2008). In fact, the variations of particle abundance and
be. The aggregates that form the material observed by theize measured within a given size interval are difficult to
UVP could also be detritus produced by zooplankton be-interpret because they do not necessarily concern the same
cause the Phaeophorbide pigment (a tracer for altered Chl-pools of particles. The unexpected increase of particle con-
found in faecal pellets) concentration also had a maximumcentration observed during the day may correspond to the ar-
in this layer (Ras et al., 2007). The large particles could notrival in the interval of measurement of smaller growing par-
have been living mesozooplanktaf{200.m) because an- ticles, and not only to the division of particles belonging to
imal concentrations in the upper 200 m depth averaged lesthis size range. This hypothesis is supported by the variations
than 0.1ind. 1 (personal data) compared to the large par-of the slope values which are steeper in the afternoon. The
ticles estimates of 20 part.tL. In the MAR site, concentra- counts acquired with the Coulter counter in the range 0.7—
tion of microphytoplankton (184 <100m, mostly small  5um clearly shows that diel variations of particle number
pennate diatoms of the genBseudonitzschia) ranged from  and size obey to a process of cell divisions of picoeucaryotes
1000 to 32000 cellst! (Gomez unpublished data). These (Sciandra, personal communication).
concentrations are in the same range as the HIAC counts These diel variations were not observed in particles de-
for particlesd>10um (5500+/-250cells =1). Therefore, tected by the UVP. The fact that this pattern of variability was
many of the particles larger than &®n detected by the not observed for the pool of large particles suggests that the
HIAC in the MAR site were probably diatom cells. Aggre- dynamics of small and large particles are disconnected at the
gates ofPseudo-nitzschia delicatisisima and largeRhizosol e- diel scale. Diel cycles in the large particle spectra do occur
nia bergonii were observed from 50 to 100 m depth with con- (Graham et al., 2000; Lampitt et al., 1993; Stemmann et al.,
centrations of 2 to 20 aggregatesLand constituted some of 2000). Explanations that have been proposed to explain them
the particles larger tha#>100m. Again, mesozooplank- include the disaggregation (Dilling and Alldredge, 2000) or
ton were not an important fraction of the large particles be-the fecal pellet production (Stemmann et al., 2000) by zoo-
cause their concentrations in the upper 200 m layer were lesglankton engaged in their daily vertical migration and the pe-
than 1ind. -1 (personal data), compared to UVP particle riodic coagulation driven by diel cycles in turbulence (Ruiz,
concentrations as great as 100 part L 1997). The diel change in the small particle pool is due to
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cell division rather than diel biomass growth. The observa-
tion that they are uncoupled during the cruise suggests tha:
this life cycle pattern of the phytoplankton cell does not lead

to the formation of aggregates because processes in algae a 't
not sufficient to move mass from the primary cells to larger
aggregates for these short time scales and low particle con:
centrations. The diel vertical migration of total zooplankton
was not observed in the net data and therefore could not af-
fect the size spectra of the UVP particles.
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4.3 Combining the HIAC and UVP size spectra

Weighted differ. volume spectrum Vi d (ppm)

S,

Care must be taken when comparing results from different
instruments because they may not measure the same particl
properties. Even the diameter reported by a single instru- _:a) . b)

107 16 10 107 10°

ment can vary depending on the nature of the object (single " Fusctal Paric damaterem Fractal Parlicie dametercm)
cell versus aggregate). For example, aperture impedance par-
ticle counters, such as the Coulter Counter, measure a partf-i9- 8. (2) Number andb) mass spectra calculated assuming that
cle property that corresponds approximately to the volumet® HIAC reports an fractal diameted {) and D3=2.3 or a con-
of the solid mass composing a porous particle, while imag_served dlameterd_e). The spectrum used in this figure was ca_lcu-
o . lated as the median spectrum of all the samples at the GYR site.
ing instruments frequently measure the cross sectional area
of the porous aggregate (Jackson et al., 1997).

The operational size range for the UVP is dominated by . , )
porous aggregates-60um). For this reason, it was cal- MOré mass in solid sphere than in porous one of thg same
ibrated with a variety of aggregates whose cross-sectionafi@meter and the mass spectrum shows an increase in mass
areas were determined using a stereo microscope. We d&/hen expressed in terms gf. The total HIAC mass is on
note the diameter reported by the UVP as a “fractal diame-2Verage 2 times higher if we assume tiaid,. Therefore,
ter’, d, because it is not proportional to a mass-equivalentth's assumption yields a maximum estimate of the total mass
spherical diameter but similar to the outer diameter of a frac-CoNtained in the small particles.
tal particle. In contrast, the HIAC works in a size range \We can calculate the mass distribution and a maximum es-
where there are solid single cellsZ0.m) as well as porous ~ timate of the total volume of the aggregates using Eg. (3)
aggregates>20um). Laboratory experiments performed and assuming that the HIAC reports a conserved diameter
on monospecific phytoplankton cultures have shown goodand that the UVP reports a fractal diameter. We will assume
agreement between mono-dispersed size distributions medhree fractal dimensions, 1.9, 2.3 and 3. Despite the relative
sured with HIAC and Coulter particle counters, although thestraight nature of the number spectra when plotted using log-
diameters reported by the HIAC can be as much as 109409 axes, the mass spectra show greater variability because
smaller than those from the Coulter counter. Multiple mea-small deviations from the straight line induce large variations
surements made on different phytoplankton cultures with thein the mass estimates. Therefore, the slope cannot be used to
HIAC showed very good agreement between the biovolumedetermine the mass distribution of marine particles although
calculated assuming that the algae are spheres with the rét can be a synthetic descriptor of the system. At the GYR
ported diameters and the particulate carbon concentratiofite, the volume spectra of particles varied from a dominance
measured separately, suggesting that the light blockage ief particles smaller than 1Q0m (D3=1.9 and 2.3) to a dom-
proportional to the mass content of the algae. Therefore, wédnance of larger particles{3=3) (Fig. 9). At the MAR site,
consider the particle diameter reported by the HIAC to be arthe volume of the UVP particle in each bin is always much
estimate of the “conserved” diameté, larger than the HIAC particles volume. The biovolume calcu-

However, the assumption that the HIAC reports a con-lated using the different fractal dimensions varies by a factor
served diameter may not hold in the case of small aggregate@f up to 20 showing the sensitivity of estimating the mass
for which the instrument could be respond to the fractal di- Using particle size spectra.
ameter. If we assume that the reported diameter is a frac- The total mass of the HIAC particles should be similar
tal diameter and thabD3=2.3 then the number spectrum is to the total mass obtained from GF/F filtration but not the
shifted toward the small particle size compared to the cas&JVP particles because the sampling volume for the GFF fil-
whered is a conserved diameter (Fig. 8). The explanationtration was too low to sample the large particles adequately.
is that for a plain spherel.=d; while for a porous sphere The HIAC POC estimates assuming that the HIAC reports a
dy is larger thand.. As a result, the number spectrum is conserved diameter were higher than those measured inde-
shifted toward larger size wheh=d,.. Accordingly, thereis  pendently by a factor of two. If we assume that the HIAC

=}
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Fig. 9. Percentiles (5%, 50% and 95 %) of each size bin of the particle mass spectra for samples at the Gi/R sitel ¢ n=87) and

MAR site (d, e andf, n=85). The 5 and 95 percentiles represent the envelope of the observed mass spectra. The area under a curve is the
total particle solid volume concentration. The mass of large particles has been calculated using two values for the fractal dimension 1.9 (left
column), 2.3 (centre column) and 3 (right column).

reports a fractal diameter, then the POC estimates are of thand probably overestimate the importance of the large parti-
same range than those measured at 150 m depth with the loveles in the mass distribution.
est fractal dimension of 1.9 (Fig. 10). At 5m, the biomass
spectra always exceed the POC estimates. The changes with If we extend the mass spectra calculation (wig=1.9
depth and also sites of the ratio between calculated and meand 2.3) to all the profiles with combined spectra collected
sured POC concentrations could also reflect change in théuring the cruise then we can estimate the importance of the
particle properties (higher porosity at surface for instance)two populations of particles across the upper 300m depth
that the model does not take into account because of the lac&f the South Pacific Gyre (Fig. 10).The mass concentrations
of information on particle properties. The mass dominanceof both particle populations decreased from the mesotrophic
of the UVP particles at MAR site may be a methodological site of the HNLC to the ultraoligotrophic GYR following the
artefact because the basic hypothesis of a single relationshiophic trend observed for phytoplankton and(Ras et al.,
between particle mass and diameter is invalid. In that site, we2007; Grob et al., 2007). We can estimate that the propor-
observed a great number of large living objects with proba-tion of mass contained in the large particles decreased from
bly a lower volume to mass ratio than that of equal-diameterthe mesotrophic conditions at the border of SPG to the ultra-
aggregates. This discrepancy highlights the need for a coreligotrophy of GYR. However, at GYR site, the dispropor-
rect estimation of the particle properties when converting thetion of mass between the two particle pool decreased with
particle size reported by any instrument to the particle massgdepth and using @3=2.3, the larger fraction equated the
particularly if the particles are in fact aggregates for which mass of the small particles deeper than 200 m depth (data not
the fractal and conserved diameter are not the same. Manghown). Therefore, we expect large patrticles to play an equal
reports assume that the particles are solid, implying3, or major role in the trophic interaction in the upper waters of
the South Pacific Gyre.
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