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Abstract. The size distribution and mean spatial trends primary production and the main grazers. Manual taxonomic
of large particles £100 um, in equivalent spherical diam- counts and ZooScan image analyses shed further light on the
eter, ESD) and mesozooplankton were investigated acrossize-structure and composition of the copepod community
the Mackenzie Shelf (southeast Beaufort Sea, Arctic Oceany which was dominated at95 % by a guild of 10 typical

in July—August 2009. Our main objective was to combinetaxa. The size distributions of copepods, as evaluated with
results from an Underwater Vision Profiler 5 (UVP5) and the 3 methods (manual counts, ZooScan and UVP5), showed
traditional net tows (200 pm mesh size) to characterize theconsistent patterns co-varying in the same order of magni-
structural diversity and functioning of the Arctic shelf-basin tude over the upper size range {mm ESD). Copepods
ecosystem and to assess the large-scale correspondence ket mm were not well quantified by the UVP5, which esti-
tween the two methodological approaches. The core datasebated that only~13—-25 % of the assemblage was composed
comprised 154 UVP5 profiles and 29 net tows conducted inof copepods<1 mm ESD compared with-77-89 % from

the shelf &100 m isobath), slope (100-1000 m) and basinthe net tow estimates. However, the biovolume of copepods
(>1000m) regions of the study area. The mean abundanceas overwhelmingly dominated~03-97 %) by copepods

of total particles and zooplankton in the upper water column>1mm ESD. Our results illustrate that the combination of
(<75m depth) declined exponentially with increasing dis- traditional sampling methods and automated imaging tech-
tance from shore. Vertical and latitudinal patterns in total niques is a powerful approach that enabled us to conclude on
particle concentration followed those of chlorophy/(ichl a) the prevalence of a relatively high productivity regime and
concentration, with maximum values between 30 and 70 mdominant herbivorous food web over the shelf when com-
depth. Based on the size-spectra derived from the UVP%ared with the low-productive recycling system detected off-
dataset, living organisms (0.1-10 mm ESD) accounted forshore.

an increasingly large proportion of total particle abundance

(from 0.1% to>50%) when progressing offshore and as

the ESD of particles was increasing. Both the UVP5 and

net tows determined that copepods dominated the zooplank-

ton community ¢78-94 % by numbers) and that appen-

dicularians were generally the second most abundant group

(~1-11%). The vertical distribution patterns of copepods

and appendicularians indicated a close association between
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1 Introduction marine ecosystems experience marked seasonal variability
in biological productivity as a direct consequence of phys-

Particles in aquatic systems can be divided in two fundamenical conditions (e.g. light, temperature). As a result, Arc-
tal groups: living and non-living. tic zooplankton can rapidly change their food regime de-

Size of non-living particles (named marine snow for sizespending on the nature and availability of organic matter in
>500 um; Suzuki and Kato, 1953) is the net result of ag-their environment. In fact, even the large calanoid species
gregation and destruction processes, which include a larg€alanus hyperboreuand C. glacialis that typically domi-
variety of physical and biological mechanisms such as coagnate the biomass in the Arctic Ocean — and which are tra-
ulation, packaging, consumption, dissolution and fragmentaditionally known to be herbivore (Darnis et al., 2008; Falk-
tion (see Burd and Jackson, 2009 for a review). The particlePetersen et al., 2009) — appear to have a much more flexible
size distribution (PSD) of non-living particles is particularly diet (e.g. fecal detritus, microzooplankton) than initially be-
instructive for vertical flux studies if the settling velocity of lieved (e.g. Seuthe et al., 2007; Campbell et al., 2009; Sam-
observed particles is known (e.g. McDonnell and Buesselerpei et al. 2009).
2010) or if the PSD can be related to sediment trap measure- This study investigated the PSD of large particles
ments (e.g. Guidi et al., 2008; Iversen et al., 2010). In turn,~100 um (total and zooplankton, expressed in equivalent
numerical models of biogeochemical fluxes used simplifiedspherical diameter, ESD) across the shelf-slope-basin inter-
PSD to estimate the magnitude and timing of sinking parti-face in the southeast Beaufort Sea (Arctic Ocean) in late
cle flux events (e.g. Kriest and Evans, 2000; Stemmann et al July—August 2009 (Fig. 1). Our main goal was to com-
2004, Karakas et al., 2009). However, the strength and effibine results from an Underwater Vision Profiler 5 (UVPS5,
ciency of the biological pump are closely connected to thepicheral et al., 2010) and from traditional net tows to infer
aforementioned transformation processes in the water colthe structure and functioning of an Arctic shelf ecosystem
umn, which are indeed largely driven by planktonic commu- during the late summer season. Our specific objectives were
nities, including bacteria, protists and metazoans (e.g. Wass(1) to document with high-vertical resolution imaging tech-
mann et al., 2003; Forest et al., 2011; Jackson and Checkleyiques the large-scale trends of PSD and particle concentra-
2011; Kellogg et al., 2011). Therefore, knowledge on thetion across the shelf-basin boundary; (2) to examine the de-
contribution of living particles to the total particle pool and gree of similarity between the zooplankton dataset acquired
on the plankton size distribution is essential if the dynam-with the UVP5 and the one obtained using standard vertical
ics of downward carbon export and trophic energy fluxes arenet tows; (3) to characterize the size spectra of total parti-
to be adequately understood and modeled in marine ecosysgies and zooplankton in an ecosystem known for its relatively
tems. Information on the variability of the size spectrum of |ow diversity; and (4) to set the stage for a comprehensive
particles support the characterization of various ecologicaktudy on vertical particle fluxes and ecosystem dynamics in
processes and is key to our comprehension of the structurghe southeast Beaufort Sea during post-bloom conditions.
and function of pelagic food webs (e.g. Platt and Denman,
1978; Legendre and Michaud, 1998; Stemmann and Boss,
2012). 2 Material and methods

The PSD of living particles (i.e. plankton) is recognized to
be useful for describing the structural properties of a given2.1 Study area and sampling strategy
marine food web. When converted into biomass, variations
in the slope of the normalized PSD on a logarithmic scale carThe Mackenzie Shelf (Fig. 1) is a relatively narrow Arctic
be linked to efficiencies in both the energy transfer to highershelf (width ~120 km, length~530 km) covered with ice
trophic levels and vertical carbon export to depth (e.g. Guidifrom October until May to early August, reaching a maxi-
et al. 2009; Frangoulis et al., 2010). Anomalies in the mum thickness of 2—3 m in March—April (Barber and Hane-
shape of the log-transformed plankton size distribution maysiak, 2004). The Mackenzie River supplie€30 kn? yr—1
also be indicative of excess growth/mortality or gain/lossesof freshwater and 124 10°tyr—1 of sediment on the shelf
through consumption or migration (Zhou et al., 2006; Fran-(Gordeev, 2006). Approximately 75 % of the total annual
goulis et al., 2010). Furthermore, size-based analysis oflischarge is delivered between May and September, with a
living particles provides a valuable tool in ecosystem mod-typical peak in June. As the summer progresses, both river
eling for reducing the complexity of actual food webs and runoff and ice melt contribute to build up a strongly strat-
species interactions (Zhou et al., 2010). For example, sizeHied surface layer in the top 5-10m (Carmack and Mac-
structured ecosystem models can unravel shifts in the dietlonald, 2002). Saltwater masses in the region comprise the
of zooplankton when the latter grow, since large organismsPolar-Mixed Layer (salinity<31, ~0-50 m depth), the Pa-
usually consume smaller ones (Platt and Denman, 1978)ific Halocline (~31-33,~50-200 m), and deep waters of
Species-oriented or functional group modeling approachegtlantic origin (~34.5,>220m) (Lansard et al., 2012). Sur-
of trophic networks cannot solve this issue (Moloney et al.,face circulation is variable and linked to ice and wind condi-
2010). This is particularly true for Arctic regions where tions (Ingram et al., 2008). Inshore, a typical coastal current
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O UVP profiles I (Fig. 1). The data collected over ArcticNet-Malina was
divided according to bottom depth in order to investigate
the mean inshore-offshore gradients in total particle concen-
tration, zooplankton abundance, as well as associated vol-
ume/biomass and size distribution. The shelf, slope and
basin regions were defined as the sampling stations located
within the <100 m, 100-1000 m ang 1000 m isobaths, re-
spectively. This grouping enabled us to evaluate the large-
scale variations and to process the CTD, UVP5 and net tow
datasets on the basis of an independent variable.

o Ma(:ékenzie ¢
69°NF-Trough

e TP ; 2.2 Underwater Vision Profiler, CTD-rosette casts and
138°W 135w 132°W 129°W image processing
2|5 5|0 1(|)0 550 sLo 7|50 7000 2000 The Underwater Vision Profiler 5 (UVP5) is a compact and
Depth (m) autonomous underwater imaging system developed and ini-
tially constructed at the Laboratoire d'@enographie de
Fig. 1. Bathymetric map of the southeast Beaufort Sea (Arctic Villefranche-sur-Mer (LOV) located in southern France. The
Ocean) with position of the sampling stations conducted in July—instrument is now manufactured by Hydroptiltp://mww.
August 2009 as part of the successive ArcticNet and Malina cam-ydroptic.comy in collaboration with the LOV. Full details

paigns. The ArcticNet sampling sites were located in the explo-of the technical specifications and processing operations of
ration license area EL446, whereas transects 100—700 and statigfe UVP5 can be found in Picheral et al. (2010).

345 correspond to the Malina sampling grid. The shelf, slope

: . . . The UVP5 used in the present study was designed to
and basin regions as defined in the present study correspond tB f th fil . d with
the sampling stations located within thet00 m, 100-1000 m and e a component of the rosette profiler equipped with a

>1000 m isobaths, respectively. The metadata (coordinates, dat&onductivity-temperature-depth system (CTD, Seabird SBE-

sampling type) for each oceanographic station are detailed in thé@11+) and was deployed on a routine basis throughout the
Appendix A. campaign (Fig. 1). Most CTD/UVP-rosette vertical profiles

were conducted over the whole water column, i.e. from the

surface down to 10 m above the sea floor (see Appendix A for
flows from west to east, whereas offshore surface circulatiorthe list of stations). A fluorometer (Seapoint chlorophyll flu-
is overall influenced by the anti-cyclonic Beaufort Gyre (In- orometer) and a transmissometer (WET Labs C-Star 25cm)
gram et al., 2008). were also connected to the CTD system. The CTD data were

Primary production in the Beaufort Sea usually rangescalibrated and verified following the Unesco Technical Pa-
from 30 to 70g Cm2yr—1, indicative of oligotrophic con-  pers (Crease, 1988). Water samples were taken on board
ditions (Sakshaug, 2004; Carmack et al., 2004). The sprindor salinity calibration using a Guildline Autosal salinome-
bloom rapidly evolves into a subsurface chlorophyll maxi- ter (resolution<0.0002, precisiont-0.002). Fluorescence
mum (SCM) as a result of relatively low nitrate concentra- data from the fluorometer were post-calibrated against in situ
tions in the surface layer at the end of winter (Tremblay etchlorophyll a (chl @) concentrations. Validated data from
al., 2008). Over the growth season, the SCM progressivelall CTD casts were averaged over 5m bins using a centered
lowers the nitracline down te-60 m depth where light be- moving average.
comes the limiting factor (Martin et al., 2010). A second During deployment, the UVP5 recorded and measured all
phytoplankton bloom can occur in late summer or in the fall objects>100 pm in real time (i.e. both non-living particles
as a result of wind-driven mixing and/or coastal upwelling and zooplankton). Images of all particles were recorded at
(Brugel et al., 2009). a frequency up to 5.5Hz, corresponding to a distance of
Data used in the present study were collected across the-20 cm between images at thel ms! lowering speed of

Mackenzie Shelf region between 18 July and 22 August 2003he CTD-rosette profiler. The recorded volume per image
during the successive ArcticNet and Malina campaigns thatvas 1.021 and the conversion equation from pixel area to
took place on board the research icebreaker C@@®Nnd-  size wasSy, = 0.0039&-3348, whereSy, is the surface in mf
sen(Fig. 1, Appendix A). The first leg (16-29 July) was a andSp the particle area in number of pixels (Picheral et al.,
component of the annual expedition of the ArcticNet Net- 2010). The real time processing was set to a mixed pro-
work aiming to assess ecosystem dynamics in coastal waeess mode. The size and grey level of every ohjet®0 um
ters of the Canadian Arctic. The second leg (30 July—were calculated in situ, but only images of all large objects
27 August) was led by the Malina project, which covered >600 um were backed up on a memory stick for further anal-
the Mackenzie Shelf region with a comprehensive sam-ysis. When the UVP5 was back on the ship deck, both the
pling grid primarily composed of 7 shelf-basin transects complete dataset of total particles and the logged images of

www.biogeosciences.net/9/1301/2012/ Biogeosciences, 9, 113¥P3-2012
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ObJeCtS>GOQ Hm Werg transferred on a computer for COM-1aple 1. Performance of the automatic recognition for the zoo-
plete analysis. The size spectra of total particle abundancgankton groups analyzed using the ZooScan.

and volume were computed at an interval of 5m. Images
of all objects>600 um were processed using the Zooprocess
imaging softwarelttp://www.zooscan.cojrin order to cal-
culate 40 geometric and grey-level variables to identify ma-
jor zooplankton by the freeware Plankton Identifier (PkiD) Appendicularians 66.7 % 32.9%

True positive  False positive
(recall rate) (contamination rate)

based on Tanagra data mining and implemented as part of ggﬁﬁﬁ‘s’dg 87‘:3'91(? 12%4501;
. 1% 5%
the Zooprocess package (see Gorsky et al., 2010 for details). Carnivorous gelatinous  63.0% 34.3%

The prediction of organisms obtained from the PkID files was
exhaustively post-validated by experts to obtain an accurate, . . . naupli

dataset of abundance and biovolume for zooplankton larger

than 600 um.

The size distributions of the abundance and volume of totakn distilled water. From each sub-sample, approximately
particles and zooplankton recorded at each station were noB00 zooplankton organisms were enumerated in a Bogorov
malized according to the interval of each size-class (Platt an@ounting tray and identified to the lowest possible taxonomi-
Denman, 1978). This dataset was then divided and averageghl level. The Arctic copepod speci€slanus glacialisand
for the shelf <100 misobath), slope (100-1000 m) and basinthe Pacific Subarcti€. marshallaethat may co-occur in the
(>1000) regions to provide a more comprehensive overviewregion (Frost, 1974) were pooled into a single taxon due to
of particle dynamics and large-scale spatial trends across thiack of certainty in their differentiation (Darnis et al., 2008).
inshore-offshore interface (Fig. 1, Appendix A). The rela-  Subsamples for ZooScan analyses were also divided with
tionship between the abundance/volume and the size of paa Motoda splitter, resuspended in distilled water and fraction-
ticles/zooplankton was approximated by the two-parametegted to obtain two size-fractions:(000 pm and-1000 pm).
power-law equation = bd*, wheren is the normalized par- Each size-fractionated sample was gently poured in a
ticle abundance or volumeé,a constantk the scaling expo-  15x 24 cm Plexiglas tray on the scanner (2400 dpi resolu-
nent (slope in a log-log form) andithe equivalent spherical tion). Prior to digitization, manual separation of plankton
diameter (ESD) of a given particle or organism (also referredorganisms with fine tweezers was performed directly into the
as apparent diameter, see Stemmann and Boss, 2012 for furay to avoid multiple objects to be treated as one. In some
ther details). cases, separation of objects was also performed computa-

tionally after digitization. Scanned samples were normalized
2.3 Zooplankton net tows, traditional taxonomic counts  ysing the full spectrum of grey and a blank (i.e. scan with-

and ZooScan measurements out objects) was subtracted from each image. The Zoopro-

cess software was used to extract and measure every object
ZOOplankton assemblage integrated over the entire Wateaetected in images produced by the ZooScan (p|xe| reso|u_
column was collected using a quadruple A metal frame  tion of 10.6 um). The major and minor axis of the best fit-
sampler equipped with flowmeters and plankton nets ofting ellipse for each object were measured and an equiva-
200 pum mesh size (Darnis et al., 2008). At each stationent apparent elliptical biovolume (EBv) was estimated as:
(see Appendix A), the sampling gear was deployed verti-EBy=4/3.(major/2)(minor/22. Many other variables (Ap-
cally from 10m above the bottom up to the surface at apendix 4 in Gorsky et al., 2010) were also used for the auto-
speed of 45 mmin'. Zooplankton samples were condensed matic classification of objects. The automatic recognition of
and preserved in seawater solution poisoned with boraxzgoplankton was performed using the free software PKID as
buffered 4 % formalin for further analysis. Preserved sam-mentioned in Sect. 2.2. The training set for ZooScan con-
ples were divided in two distinct fractions in order to pro- sjsted of 2100 validated vignettes of random objects (includ-
ceed to: (1) manual taxonomic counts; and (2) sample digiti-ing detritus). The training set algorithm was used to classify
zation and analysis using a ZooScan (Gorsky et al., 2010)grganisms from the net tow samples in major zooplankton
ZooScan digitization and image post-processing with thegroups. Comparison between machine-predicted recognition
Zooprocess software were made at LOV (Villefranche-sur-and manually validated classifications showed that copepods
Mer, France), whereas traditional taxonomy and validationyere successfully recognized (true positive = 84.9 %, con-
of random ZooScan vignettes were performed at Laval Uni-tagmination = 19.4 %) while appendicularians were less rec-
versity (Qiebec, Canada). ognized (true positive = 66.7 %, contamination = 32.9 %)

Subsamples for manual taxonomy were rinsed with fresh{Table 1). The automatic prediction was then corrected by
water and sieved through 1000 and 150 pm meshes to seprmanual validation to ensure accurate estimate of zooplank-
arate large and small organisms. The two size fractiongon groups.

(<1000 pm and>1000 pm) were divided with a Motoda-
type splitting box and known aliquots were resuspended

Biogeosciences, 9, 130132Q 2012 www.biogeosciences.net/9/1301/2012/
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Mean total particle Mean zooplankton body parts not taken into account by this method (e.qg. legs,
abundance (nb m?) abundance (ind m?) furca, antennae) using a correction factor of 1.2-1.7 depend-
104 108 108 10" 102

Lol 4wl el ing on the average areal ratio of the supplementary parts
to the mean prosome and/or urosome area. This enabled a
more coherent estimation of copepod ESD for comparison
with the imaging systems that use the best fitting ellipse of
a given organism to calculate the ESD (Gorsky et al., 2010).
Hence, the apparent ESDs presented here should be regarded
as maximum values, as they correspond to the EBv. Mean
lengths, widths and ratios of body parts of Arctic copepods
were obtained from the historical collection of copepod mea-

[¢,]

Depth (m)
(&)
o

A

vy

500 surements from the taxonomic laboratory of L. Fortier (Laval
Mean total particle g\('ear; zooplankton University, Canada). Missing measurements were gathered
10 "%‘f)me (C1”c’)1 m) - 1'%‘_’10 ume (CTOOm ) from the global literature, as cited in the online databases of
Sl T I M Razouls et al. (2005-2011) and Appeltans et al. (2011). No
i morphometric estimates were attempted on zooplankton else
> than copepods due to uncertainties on the average body mea-

| T |

1 surements of the other groups.
3 = The size distributions and power-law relationships be-

tween abundance/biovolume and size of zooplankton from
the vertical net tow datasets (i.e. ZooScan and manual
counts/morphometric estimates) were calculated the same

Depth (m)
(&)
o

500 () way as for the UVP5 dataset (see previous section).
Mean chl a concentration Mean beam attenuation
(mg chl a m?) coefficient (m™)
0.03 0.3 15 0.5 0.9 3 Results

5. Ll TSR N I I | 1 T R B A |

3.1 Underwater Vision Profiler; magnitude and
distribution of particles and zooplankton across
the Mackenzie Shelf in late summer 2009

Depth (m)
(&)
o

Mean total particle £100pum) abundance and volume
recorded with the UVP5 in the surface layer50m) of
southeast Beaufort Sea in July—August 2009 exhibited a de-
cline of ca. 2 orders of magnitude when progressing from the
shelf toward the basin (Fig. 2a, c). Over the shelf, maximum
and minimum particle concentrations were observed around
40-50 m and 60-65 m depth, respectively (Fig. 2a). Maxi-
tal zooplankton abundand®), total particle volume(c), and to- mum and minimum particle volumes across the three regions

tal zooplankton biovoluméd), as measured with the Underwater (Fig. 2c) corrgsponded rQUthy Fo patterns in total particle
Vision Profiler deployed across the shel00m), slope (100— abundance (Fig. 2a) and in ahl(Fig. 2€). Mean chk con-
1000m) and basin(1000 m) areas of southeast Beaufort Sea in Centration over the shelf was low-{.5mg chla m= in the
July—August 2009 (Fig. 1). The bottom panels present the mearSCM between 30-50 m), but remained higher than values
vertical profiles of chlorophyll: concentratior(e) and beam atten- measured for the slope and basin region8.8 mg chla m—3
uation coefficien(f) as recorded in the same regions and smoothedbetween 50 and 80 m) (Fig. 2e). Mean ehtoncentration
over 5m depth. and beam attenuation coefficient were also relatively high in
the top 10 m over the shelf (Fig. 2e, f). Maximum abundance
and biovolume of zooplankton were detected between 30 and
For comparisons with the UVP and ZooScan biovolume 70 m depth (Fig. 2b, d). This interval appears to correspond
datasets, the abundance of copepods (copepodites only, ite the most active water layer in terms of total particle con-
cluding adults) obtained from manual counts was convertectcentration and primary production during the study period.
into volume units by assimilating the body shape of a cope- The spike-like increase in particle abundance just below
pod to an ellipsoid for the prosome and to a cylinder for the70 m on the shelf (Fig. 2a) was symptomatic of a widespread
urosome (Mauchline, 1998). Biovolume estimates based orbenthic nepheloid layer (BNL) comprised of small parti-
the ellipsoid-cylinder combination were further corrected for cles (Fig. 2c). The presence of a BNL over the shelf was

()

500

Shelf Slope Basin \

Fig. 2. Mean vertical profiles of total particle abundarn(eg, to-

www.biogeosciences.net/9/1301/2012/ Biogeosciences, 9, 113¥P3-2012
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Shelf Slope Basin
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‘—I—Total particles (living and non-living) —m—Total zooplankton ‘

Fig. 3. Mean size spectra of abundan@e-c) and volume(d—f) of total particles and total zooplankton as measured with the Underwater
Vision Profiler deployed across the shef400 m), slope (100-1000 m), and basin1000 m) regions of southeast Beaufort Sea in July—
August 2009 (Fig. 1). Thé andk values correspond, respectively, to the constants and scaling exponents (slopes in a log-log form)

of the power-law equations: & bd¥) derived from the normalized particle size distributions (see Sect. 2.2 for details). The power-law
relationships for total particles were calculated using the full range of 0.1-12 mm (expressed in equivalent spherical diameter, ESD), whereas
the equations for zooplankton were calculated using only the orgaidmsm ESD because of the loss in the efficiency of detection in the

low end (1 mm ESD) of the zooplankton size spectrum. The percent contributions of living particles to total particles as estimated with the
idealized power-law equations are presented in Fig. 4.

supported by the slight increase of beam attenuation cofrom ~2.5to~0.1 cn¥ m~3 across the inshore-offshore gra-
efficient around 70-75m depth (Fig. 2f). Mean particle dient (Table 2). Such values were likely minimum estimates
abundance and volume over the slope peaked around 40as zooplanktornl mm ESD were not accurately quantified
50 m. While total particle abundance was relatively stableby the UVP5, as seen in Fig. 3 Accordingly, the power-law
throughout the water column over the slope, particle volumemodels were fitted to the zooplankton size spectra only for
decreased rapidly with increasing depth past its maximunorganisms>1 mm ESD. The power-law equations presented
(Fig. 2a, c). Contrastingly, particle abundance increased within Fig. 3 enabled us to calculate the idealized contributions
increasing depth in the basin region (Fig. 2a), whereas vol-of planktonic particles to the total particle inventory in each
ume in this area did not vary much (Fig. 2c). size-class of the full ESD range of 0.1-12 mm (Fig. 4). These
The fit of a power-law model to the measured particle estimations revealed that living particles accounted for an in-

size distribution (calculated using the full ESD range of creasingly large proportion of total particleg fromthe_shelf to
0.1-12 mm) was statistically significant both for the abun- the basin (e.g=19% over the shelf vs>-15 % in the basin for
dance £2 = 0.99, p < 0.0001) and volumer = 0.66-0.79, particles<1 mm) and as the.S|ze pf part|cle.s was increasing
p <0.0001) spectra (Fig. 3). Overall, the power-law fits were (UP t0~55 % for 12mm particles in the basin) (Fig. 4).

less robust for the volume size-spectra than for the abundance The zooplankton identified with the UVP5 comprised
spectra. The exponent)(of the normalized size spectra of 6 major groups: protozoans, copepods, appendicularians
total particle abundance and particle volume remained rel{i.e. bodies and houses), chaetognaths, ctenophores, and
atively similar, whereag values in the size distribution of other gelatinous organisms (Fig. 5, Table 2). A last category
zooplankton abundance and biovolume both decreased witincluded objects*600 um) that could have been zooplank-
increasing distance from shore (Fig. 3). Zooplankton abun-on, but that could not be recognized with confidence. These
dance and biovolume estimated with the UVP5 decreasedybjects were grouped as unidentified particles and contained
respectively, from~84 to ~9 individuals (ind.) n3 and both detrital aggregates and living organisms. Copepods
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Table 2. Abundance and biovolume of zooplankton groups (me&E and percent contribution in brackets) as identified and measured
using an Underwater Vision Profiler 5 (UVP5) connected to a CTD-rosette profiler and deployed in the:808Ifr(), slope (100—-1000 m)

and basin £1000 m) regions of southeast Beaufort Sea in July—August 2009 (Fig. 1). The data presented in this table summarize the entire
UVP5 dataset comprising 154 profiles (Appendix A). The vertical distribution of each zooplankton group abundance and biovolume is
presented in Fig. 5.

Shelf abundance (ind. %) Slope abundance (ind. ™) Basin abundance (ind. n?)
Copepods 68.4 6.7 (81.8 %t 8.0 %) 20.8+ 2.5 (81.8 %+ 9.9 %) 7.7+ 1.0 (84.3%+ 11.4 %)
Appendicularians 7.4 1.2 (8.8 %t 1.4 %) 1.2+ 0.6 (4.9 %t 2.2 %) 0.2+:0.1 (1.8 %+ 0.8 %)
Chaetognaths 0:20.2 (0.2 %% 0.2 %) 0.1+ 0 (0.5 %+ 1.0%) <0.1(<0.1%)
Protozoans 3.40.9 (3.7 %k 1.1 %) 2.3+ 0.4 (9.1%E 1.5%) 0.8+ 0.2 (9.0 %k 2.6 %)
Ctenophores 2.80.5 (2.4 %+ 0.6 %) 0.2+ 0 (0.9 %=+ 0.2 %) 0.1+ 0 (0.9 %+ 0.4 %)
Other gelatinous 2.60.5 (3.1%+ 0.6 %) 0.7£0.1 (2.8 %+ 0.4 %) 0.3+0.1 (3.5 %+ 0.06 %)
Total 83.7+ 10.0 (100 %) 25.3 3.6 (100 %) 9.1+ 1.4 (100 %)

Shelf biovolume (mmMm=3) Slope biovolume (mAm—3) Basin biovolume (mim—3)
Copepods 683.6185.7 (27.5% 7.5%)  119.9:23.7 (21.7%+ 4.3%)  54.9+ 8.9 (42.2 % 6.8%)
Appendicularians  1412:4211.9 (56.8%k-8.5%) 381.5+ 239.8 (69.1%= 43.5%) 35.9+ 17.5 (27.6 %t 13.5 %)
Chaetognaths 140:839.6 (5.6 %t 1.6 %) 34.6+ 10 (6.3 %+ 1.8 %) 28.49.5 (22.1 %+ 7.3 %)
Protozoans 3.81.3 (0.1%k0.1%) 2.0+ 0.3 (0.4 %+ 0.1 %) 0.8+ 0.2 (0.6 %k 0.2 %)
Ctenophores 7.26.9 (0.3%% 0.3%) 9.4+ 3.3 (1.7 %k 0.6 %) 1.0+ 0.7 (0.8 % 0.5 %)
Other gelatinous ~ 2422121.6 (9.7 % 4.9%)  4.5+2.2 (0.8 %k 0.4 %) 8.9+ 8.2 (6.8 %k 6.3 %)
Total 2488.8+567.0 (100 %) 551.9279.3 (100 %) 130.2 45 (100 %)

dominated numerically (82—-84 %) the total zooplankton as-100 m and exhibited a peak in the 75-100 m layer (Fig. 5i).
semblage across the 3 regions (Table 2). Copepods wer€haetognath abundance was well distributed throughout the
found in all size classes from 0.7 to 10 mm and dominated thevater column over the slope (Fig. 5c), but its marked bio-
total abundance and biovolume up to an ESD size of 5-6 mnvolume increase in the deep Atlantic layer300-1000 m,
(Fig. 6). The total biovolume was, however, dominated by Fig. 5j) suggested the presence of particularly large organ-
appendicularians over the shelf and slope (57-69 %, Table 2jsms in that layer (up to 10mm ESD, Fig. 6b, e€). The
mainly because substantial amounts of large appendiculariabundance and biovolume of copepods were similar in the
ans houses (7-12mm ESD) were detected at all depths bgasin and slope areas, while those of other zooplankton
the UVP5 throughout the area (Fig. 5). It should be notedgroups were generally lower in the basin than anywhere
that a fraction of these houses could be old discarded houses|se (Figs. 5, 6). Appendicularians, ctenophores and other
so uncertainties remain regarding the actual contribution ofgelatinous dominated the upper size range (Fig. 6). Sur-
living appendicularians to total biovolume. Even if not dom- prisingly, protozoans were identified up to a size class of
inating, appendicularians represented also a substantial fra@-3 mm (Fig. 6), suggesting the presence of large unicellu-
tion (28 %) of zooplankton biovolume in the basin (Table 2). lar organisms throughout the study area, such as radiolarians

Vertical distribution of zooplankton, as recorded with the and foraminifera.

UVP5, varied markedly among groups and regions (Fig. 5).

Over the shelf, protozoans and chaetognaths decreased with2 ~Vertical net tows: composition of the zooplankton
increasing depth, whereas other groups generally showed an ~ assemblage and comparisons with the overlapping
inverse pattern. Copepods exhibited maximum abundance  stations from the UVP dataset

and biovolume in the interval 50-75 m, just below the SCM

that occupied the 30-50 m layer over the shelf (Fig. 2e). Ex-A total of 93 zooplankton taxa were identified by tradi-
cept for ctenophores, zooplankton concentration was overalional taxonomic counts in the collection of samples from
low near the bottom (75-100 m) of the outer shelf (Fig. 5). the 200 um mesh nets deployed across the Mackenzie Shelf
Almost no ctenophore was detected beyond the shelf marin July—August 2009 (Fig. 1, Appendix A). These zooplank-
gin (Fig. 5e, k). Over the slope, protozoans showed maxi-ton taxa were classified in large groups (Table 2) in order
mum concentration near the shelf break around 100-300 nto provide a resolution similar to that of the UVP5 dataset
(Fig. 5a, g). Copepods and appendicularians over the slopéTlable 3). Across the shelf, slope and basin regions, cope-
were densest in the interval 25-100m. In the basin, ap{ods (i.e. nauplii and copepodites, the latter including adults)
pendicularian biovolume increased with depth in the toprepresented 77.6 %, 94.1% and 92.4% by numbers of all
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70% : 1 the biovolume was dominated by the large calanoid species
—— Shelf - abundance (k= 125) | Calanus _hyperboreu(s~51—5£_3 %) a}nct‘. g_IapiaIis (~14-
31%) (Fig. 7b). The medium-sizeMetridia longa ac-
counted for a relatively low proportion of the biovolume on
the slope and in the basin-0—12 %) and was quasi-absent

60% 1| —— shelf - biovolume (k = 1.27)

—e— Slope - abundance (k = 0.69)

50% _ P e over the shelf £1%). Similarly, the largeParaeuchaeta
Slope - biovolume (k = 0.75) ; L . . . .
; glacialis represented an increasingly important proportion
40% |~ Basin-abundance (k=039) | s (from ~4 % to ~12 %) of the biovolume from the shelf to
‘ the basin.

+— Basin - biovolume (k = 0.37)
ol . ay/aAn The regional automatic recognition algorithm developed
for ZooScan analyses enabled us to classify zooplankton
from the net tow samples in 3 major groups: copepods (cope-
podites, including adults), appendicularians and carnivorous
gelatinous (Table 4). The latter group comprised chaetog-
naths and medusae-like organisms that represented a rela-
tively minor proportion of the total zooplankton identified
. ‘ | by the ZooScan algorithm. A fourth category for detritus
0% oo T T T was also created because the net tow samples often con-
01 ) 1_'0 ] 10 tained a fair amount of detrital matter (Table 1). Results
Equivalent spherical diameter (mm) for the total copepod assemblage from the ZooScan analy-
Fig. 4. Contribution of living particles (i.e. plankton) to total par- ses showed general consistency with the ones resultlng from
o . o ; manual counts (Table 3, Table 4). The only noticeable differ-
ticle abundance and biovolume across the three target regions as . . . . .
estimated with the power-law equations derived from the normal-ENce Was the blovqlumg estlmated for the basin region, which
ized particle size distributions acquired with the Underwater Vision Wa&s more than twice higher in ZooScan analyses than from
Profiler (Fig. 3). This figure aims at showing the idealized percent-Morphometric estimates of manual counts.
age of planktonic particulates in the total particle inventory as a For the overlapping stations (Fig. 1), the regional aver-
function of size expressed in terms of equivalent spherical diameteages of the size distributions of copepod biovolume and
(ESD). Thek value of each curve represents the scaling exponentabundance, as evaluated via the 3 methodologies (manual
of the power-law regression (i.e. slope in log-log scale) between theastimates, ZooScan and UVP5), showed coherent patterns
percent contributions of living particles and the various size C|assesco-varying in the same order of magnitude over the size-
spectrum of 1-6 mm (Fig. 9). However, the loss of efficiency
in detection of the UVP5 in the lower size-spectrum (Fig. 3)
the organisms collected, respectively (Table 3). The ratio ofprevented the reliable quantification of organisms less than
nauplii-to-copepodites was highest over the shelf (0.32) and-1.0 mm ESD, whereas the ZooScan and manual estimates
relatively low over the slope (0.08) and in the basin (0.06).did quantify satisfactorily copepods down-t®.4 mm ESD.
Nauplii could be identified only to the genus level, which Every method showed an apparent maximum limit of detec-
revealed that-75 % of the community of naupli-200um  tion around~6 mm ESD (Fig. 9), indicating that both the net
was (unsurprisingly) comprised @alanusspp. (data not  tows and the UVP5 quantified reliably the same size-classes
shown). The copepodite assemblage (including adults) was the upper size spectrume={ mm ESD). Accordingly, we
dominated by a guild of ten taxa representing5 % of  calculated the parameters of the power-law equatians (
all the copepodites collected (Fig. 7a). The sn@ithona  p*) from the normalized copepod size distributions with the
similis was the most abundant specie26-30 % of the as-  pooled datasets obtained from the 3 methods within the size-
semblage) across the 3 regions, Baeudocalanuspp. con-  ranges where the quantification was adequate (i.e. 0.4—6 mm
tributed an equivalent fraction30 %) over the shelf while  for net tow estimates and 1-6 mm for UVP5 estimates). This
representing a minor componentg—7 %) in the slope and  approach revealed that the size-spectrum slopes of both cope-
basin assemblages. By contrast, increasing proportions gfod abundance and biovolume gradually decreased across
Oncaeaspp. andSpinocalanusspp. (both from<1% to  the shelf-basin interface (Fig. 9). Within the size-range of
~12 %) andMicrocalanusspp. (from~9 % to~21 %) were  1-6 mm ESD, where no loss of efficiency in detection was
detected across the inshore-offshore gradient. observed, all 3 methods provided statistically correlated dis-
The approximative ESD of the most abundant copepodributions (091> r2 > 0.60, Q0001< p < 0.01, Pearson’s
species present in the southeast Beaufort Sea spanned frohodel || Regression) within a proportional ratio close to 1:1
~0.3 up to~7mm (Fig. 8). The mean biovolume of the (1.094+0.49). Based on manual counts and ZooScan analy-
total copepodite assemblage (including adults) across thees, the abundance of copepedsmm ESD accounted for
shelf, slope and basin regions decreased exponentially witla substantial proportion of total abundane&7—89 %), but
increasing distance from shore (Table 3). As expectedihe biovolume was overwhelmingly dominated93-97 %)

20%

10%-

Contribution of living particles to total particles
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Fig. 5. Vertical distribution of zooplankton group abundar{eef) and biovolume(g-1) as identified and measured with the Underwater
Vision Profiler across the shel& 00 m), slope (100-1000 m) and basin1000 m) areas of southeast Beaufort Sea in July—August 2009.
The zooplankton abundance and biovolume averaged for the entire water column within each of the defined regions are presented in Table 3

Shelf Slope Basin
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Fig. 6. Mean size spectra of abundar{eec)and biovolum&d—f) for each zooplankton group as identified and measured with the Underwater
Vision Profiler deployed across the shelf-slope-basin interface in the southeast Beaufort Sea in July—August 2009. ESD: equivalent spherical
diameter.
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Table 3. Abundance of sorted zooplankton groups and biovolume of copepodites (including adultst: ®Eaand percent contribution in
brackets) as identified by traditional taxonomic counts in samples from integrated vertical net tows (bottom to surface, 200 um mesh size)
conducted in the sheli(100 m), slope (100-1000 m) and basinlQ00 m) regions of southeast Beaufort Sea in July—August 2009 (Fig. 1).

The data presented in this table summarize the whole zooplankton net dataset comprising 29 vertical tows (Appendix A). The biovolume of
copepodites was based on the morphometry of copepods for which species-specific body measurements were available (see Sect. 2.3). N
morphometric estimates were attempted on other groups. N/A: not available.

Shelf abundance (ind. T%)
250:944.7 (58.6 %k 10.4 %)

Basin abundance (ind. )

28.2+ 6.7 (87.0 %t 20.7 %)

Slope abundance (ind. )
80.2+ 10.2 (87 %+ 11 %)

Copepods (copepodites®)

Copepods (nauplii)
Appendicularians
Echinoderms

81422.2 (19.0%t 5.2 %)
46.9 35.6 (11.0 %t 8.3 %)

16.4 6.3 (3.8 %k 1.5 %)

6.8+ 1.1 (7.3 %k 1.3%)
1.0+ 0.2 (1.0 %+ 0.2 %)
0.3£0.1 (0.3 %+ 0.1 %)

1.8+ 0.6 (5.5%+ 1.9 %)
0.4+ 0.1 (1.2 %+ 0.2 %)
<0.1(<0.1%)

Pteropods 15.25.0 (3.6 %+ 1.2 %) 0.9+0.1 (1.0%+ 0.2 %) 0.6+ 0.3 (1.9%+ 0.9 %)
Barnacles 7.53.3 (1.7 %+ 0.8%) 0.2+ 0.1 (0.2 %+ 0.1 %) <0.1(<0.1%)
Protozoans 4.F2.7 (1.1 %t 0.6 %) 0.9+ 0.4 (1.0 %+£ 0.4 %) 0.5+ 0.3 (1.5%+£ 0.9 %)
Polychaetes 240.9 (0.5%+0.2%) 0.3+ 0.1 (0.3%+0.1%) 0.1+ 0.1 (0.3%+ 0.2 %)
Cnidarians 1.40.4 (0.4%+0.1%) 0.5+ 0.1 (0.5%+t 0.1 %) 0.1+ 0.1 (0.4 %+ 0.2 %)
Chaetognaths 120.7 (0.3 %t 0.2 %) 0.3+ 0.1 (0.3%+£ 0.1 %) 0.1+ 0.1 (0.4 %+£ 0.1 %)
Ostracods 0.20.1 (<0.1%) 0.9+0.2 (1.0%+ 0.2 %) 0.5+ 0.2 (1.4 %+ 0.6 %)
Other crustaceans 0420.1 (< 0.1 %) 0.2£0.1 (0.2%+0.1%) 0.1+0.1 (0.2 %+ 0.1 %)
Total 428.3+122.0 (100 %) 92.4-12.7 (100 %) 32.4:8.4 (100 %)

Basin biovolume (mmm=3)

23.6+2.2 (N/A)

Slope biovolume (mmim—3)

92.5+12.1 (N/A)

Shelf biovolume (mmMm=3)

Copepods (copepoditgs 404.34+69.1 (N/A)

*Stages CI-CVI (include adults)

Table 4. Abundance and biovolume of copepods (copepodites, including adults) and appendicularians 8&emmd percent contribution

in brackets) as estimated with ZooScan analyses on the samples from integrated vertical net tows (bottom to surface, 200 um mesh size
conducted in the sheli(100 m), slope (100-1000 m) and basinlD00 m) regions of southeast Beaufort Sea in July—August 2009 (Fig. 1).

The data presented in this table summarize the whole ZooScan dataset comprising 28 samples (Appendix A).

Shelf abundance (ind. T#)

2624165.6 (86.4 %k 21.6 %)
21.46.9 (6.9 %mtk 2.3 %)
20:26.2 (6.7 %k 2.0 %)
303.4478.7 (100 %)

Basin abundance (ind. )

24.9+ 5 (93.3 %+ 18.9 %)
0.6£0.1 (2.2 %% 0.5 %)
1.2£0.1 (4.5 %k 0.4 %)
26.72-5.3 (100 %)

Slope abundance (ind. )

75.3:8.1 (91.6 %+ 9.9 %)
2.1+ 0.3 (2.6 %+ 0.3 %)
4.7+0.7 (5.8 %+ 0.9 %)
82.2-9.1 (100 %)

Copepods (copepodites*®)
Appendicularians
Carnivorous gelatinous
Total

Basin biovolume (miim=3)

65.4+ 13.3 (75.7 %t 15.5 %)
2.3£5.8 (2.7 %k 6.7 %)
18.6+6.3 (21.6 %* 7.4 %)
86.3 25.4 (100 %)

Slope biovolume (mfim=3)

125.6: 19.9 (60.5 %t 9.6 %)
8.3+ 1.2 (4.0 %t 0.6 %)
73.6+ 30.8 (35.5 %+ 14.9 %)
207.%:51.9 (100 %)

Shelf biovolume (mmMm=3)

45614105.2 (64 %+ 14.8 %)
1358 47.2 (19.1 % 6.6 %)
1204455.2 (16.9 %t 7.7 %)
712.6+ 207.5 (100 %)

Copepods (copepodites*®)
Appendicularians
Carnivorous gelatinous
Total

*Stages CI-CVI (include adults)

by copepods-1 mm ESD (Fig. 9). When integrated over the 4 Discussion

size-range of 1-6 mm, the log-transformed mean abundance

and biovolume of copepods estimated at each overlapping-1 Environmental context and regional variability in
station (Fig. 1, Appendix A) with the 3 different methods the abundance, volume and size distribution of
showed relatively robust associationsd@> r2 > 0.64) and particles and mesozooplankton

significant similarities (slope close te1, all at p < 0.01) ] . .
(Fig. 10). In July 2009, unusually high concentrations of old sea ice
from the central Arctic pack were pushed southward in the

Beaufort Sea by persistent northerly winds (CIS, 2009). The
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by the Mackenzie River sink near the coas®y % of to-
0% _ === tal mass; O’Brien et al., 2006). The only apparent signa-
ture of the river plume was detected in the beam attenuation
Fig. 7. Relative contribution of dominant copepod species in the to- ;gefficient and chk profiles whose signals showed visible

tal abundancéa) and biovolumeb) of copepod assemblages (cope- rise above~10m (Fig. 2e, f). Such a vertical pattern near

podites only) as estimated with bottom-to-surface vertlcal_ nc_et towsthe surface was the likely result of riverine waters expand-
(200 um mesh size) conducted across the shelf-slope-basin interface

in the southeast Beaufort Sea in July—August 2009. The biovolumd"d OVer the shelf (cf. Carmack and Macdonald, 2002) that

; ; 3
of each species was estimated using morphometric estimates bassifStained some phytoplankton biomas$ 6 mg chla m™)

on mean prosome and urosome lengths/widths of each copepodifand contained small particles of the size-cla€s5-20 um —
stage (see Sect. 2.3 for details). to which the beam attenuation coefficient is sensitive (Boss

et al., 2001 and references therein). The fine particles that

accumulated in the stratified surface layer were presumably
Mackenzie Shelf was generally free of ice over our sam-a mixture of clay-silt material and fresh algae (cf. O'Brien
pling period, but sea ice remained abnormally close to theet al., 2006). By contrast, the relatively high chlisignal
shelf margin located~100 km north off the Tuktoyaktuk (~1.5mgchla m—3) recorded at depth suggests that phyto-
Peninsula. Concurrently, the warm§°C) plume from the  plankton biomass was primarily fuelled by subsurface nutri-
Mackenzie River was observed expanding from west to easénts. The magnitude and positioning of the g¢lthaximum
over the shelf and approximately until the ice edge (SLGO,indicate that the phytoplankton bloom in late-July—August
2011). Interestingly, no particular maximum in the total par- 2009 in southeast Beaufort Sea was “matter of the past”, as
ticle concentration recorded by the UVP5 was noticed neathey compared well with the configuration observed toward
the ocean surface despite the fact that the Mackenzie Rivethe end of summers 2004 and 2008 (Tremblay et al., 2008;
carries a substantial load of fluvial sediment (MacdonaldForest et al., 2011). In fact, except for few shallow stations
and Yu, 2006). Instead, the main peak in particle concendocated over the shelf, nitrate was exhausted in the upper
tration was linked to the occurrence of a widespread sub~40 m across the study area and primary production was rel-
surface chlorophyll maximum (SCM; Martin et al., 2010) atively low, averaging 4525 mg C nt2d~1 in late summer
detected across the region between 30 and 70 m depth. TH2009 (P. Raimbault and N. Garcia, LMGEM, France, unpub-
rather low background of particulate matter present downlished data). Nevertheless, the integratecidbibmass in the
to ~30m supports that most terrigenous particles suppliedupper water column was roughly 4-fold higher over the shelf
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Fig. 9. Average size spectra of abundar{eec) and biovolumed—f) of the total copepod assemblage as estimated using traditional zoo-
plankton nets (further divided into manual estimates and ZooScan measurements) and Underwater Vision Profiler deployments conductec
at each of the overlapping stations (Fig. 1, Appendix A) across the sh&0m), slope (100—1000 m), and basinlQ00 m) regions of
southeast Beaufort Sea in July—August 2009. The parameters of the power-law equetidn& ) derived from size distributions were
calculated with the combined datasets (see Sect. 2.3 for details). In each panel, the percent contribution of edpapodad>1 mm to

total abundance or biovolume (i.e. sum of all size-classes) is also given according to each methodology. ESD: equivalent spherical diameter.

than beyond stations of dep#.00 m (Fig. 2). Nitrate is the  would represent50 % of total particle inventory around 1—
ultimate limiting factor of primary production in the Beau- 2cm and should be virtually absent in size-classes over 4—
fort Sea (Tremblay et al., 2008), but this does not exclude5cm (based on Fig. 4). The relatively high proportion of
a posteriori that the presence of sea ice across the slope azdoplankton vs. non-living particles in the basin compared
basin regions could have been a local property that restrainedith the shelf is in agreement with Olli et al. (2007) who
phytoplankton growth offshore by limiting light available at observed that heterotrophs are numerous relative to phyto-
the nitracline (Carmack et al., 2004; Martin et al., 2010).  detritus and marine snow in the central Arctic basins. As
Overall, zooplankton populations (as estimated with thell Other oceans, most of large sinking particles in the Arc-
UVP5) mirrored the inshore-offshore patterns of ehénd i Ocean proba_bly settle over th_e continental shelf (Ashjian
total particle volume. The proportion of zooplankton relative t &l 2005) while a strong grazing pressure offshore leaves
to non-living particles increased with greater distance fromlittle fresh biomass avallable.for vertical expor.t (OII.| et al.,
shore and as the ESD of particles was increasing. Thes@007). Furthermore, the fraction of small organisms in the to-
observations suggest that the ratio of plankton to total pari@! plankton assemblage was increasing from the shelf to the
ticles <1 mm ranged from less than 1% on the shelis-  Pasin since the slopes of the biovolume and abundance size-

15 % offshore. Then, the living fraction got rapidly more im- SPectra were gradually more negative (Fig. 3). Although we
portant for sizes above-l mm, so that non-living particles ¢annot confirm that the fits derived from the UVPS dataset
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—a— Manual counts vs. ZooScan counts
(slope = 0.96 + 0.05, r* = 0.94)

—a— Morphometric estimates vs. ZooScan measurements
(slope =1.14 £ 0.10, r* = 0.84)

—e— Manual counts vs. UVP counts
(slope = 1.08 + 0.14, r* = 0.68)

—e— Morphometric estimates vs. UVP measurements
(slope =1.18 £0.15, = 0.71)

ZooScan measurements vs. UVP measurements
(slope = 1.03 £ 0.15, » = 0.64)

ZooScan counts vs. UVP counts
(slope = 1.11 £ 0.14, r? = 0.69)

Fig. 10. Linear regressions of the log-transformed mean abund@)@nd biovolumegb) of the total copepod assemblage within the size

range of 1-6 mm (equivalent spherical diameter) as estimated with traditional zooplankton net tows (further divided into manual and ZooScan
estimates) and the Underwater Vision Profiler deployed at each of the overlapping stations (Fig. 1, Appendix A). Each regression presents the
fit of one method {-axis) versus a second oneéxis), but no particular method was considered as the “truth” and the discussion (Sect. 4.2)

is aligned on a comparison between methods.

were representative of the lower size rangd Q0 um), they in the vertical and regional distribution patterns were ob-
are consistent with the view that small plankton communi-served between the specific zooplankton groups (Fig. 5).
ties are a preponderant feature of the Canada Basin (Li et alCopepods (representingd83 % of the total quantity of zoo-
2009; Kosobokova and Hopcroft, 2010) as well as of mostplankton identified by the UVP5) showed maximum abun-
deep oceanic biomes (Richardson and Jackson, 2007). Aance and biovolume between 50-75 m throughout the 3 re-
food web based on small plankton might lead to more re-gions. This interval corresponded to the water layer located
cycling and less export of organic matter to depth or up injust below the SCM over the shelf, whereas it was asso-
the food chain. By contrast, we can deduce that the sheltiated with the weak chk signal offshore. Interestingly,
was more favorable to large planktonic species, and thus, tthe maximum in total zooplankton abundance (mostly cope-
more energy transfer to higher trophic levels (e.g. Frangouligoods) on the shelf was located-a65 m depth, a few meters

et al., 2010). However, such a simplistic distinction of the underneath the chlorophyll/particle-rich layer (Fig. 2). At
function of a given food web can be debated, since size alon¢his depth, a marked negative anomaly in the size-spectrum
is not always a direct proxy for export or retention pathway of non-zooplankton particles was observed between 0.7 and
(Richardson and Jackson, 2007). Also, our study has beedA mm ESD (down to 4 times less than expected around
conducted over a limited spatial-temporal window (36 days),1.5mm, not shown). These results support the conclusion
during a heavy ice year and toward the end of the productiveof Jackson and Checkley (2011) that the base of the particle-
season. So it is difficult to conclude on the functioning of therich layer is a zone of intense particle consumption where
ecosystem in the context of an apparent quiescent period irooplankton might act as “gatekeepers” for the vertical ex-
terms of biological activity. port of organic matter. Copepods indeed play a key role in
the high-resolution CTD-UVP5 profiles the Arctic marine food web as one of the main regulators of

conducted across the Mackenzie Shelf in late summer 200Yertical particle fluxes (Wassmann et al., 2003; Wexels Riser
showed that zooplankton might have exerted an importanft &l 2008; Forest et al., 2011). In the Beaufort Sea, cope-
grazing pressure on phytoplankton biomass. The verticaP®dS may thus act as a node in the channel of organic matter
distribution patterns of zooplankton generally co-varied with PY 9razing within the SCM and from its underside.

chl a concentration, a well-known feature of the world’s

oceans (e.g. Longhurst, 1985). However, several differences

Nevertheless,
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Due to the secretion of large mucous filter-houses inm the absolute values presented in Tables 2—4. Total copepods
ESD), appendicularians accounted for a substantial propori.e. nauplii and copepodites, including adults) were system-
tion (~28-69 %) of the total zooplankton biovolume across atically 2-5 times higher in counts from net tow samples than
the shelf-basin interface. Appendicularians were concenfrom the UVP5. This divergence was obviously linked to the
trated between 25 and 50 m depth, just above or within themethodology and it is thus important to understand the limi-
layer occupied by the SCM, suggesting intense agglomeratations of each sampling gear before comparing the datasets.
tion of fine particles £0.2—-30 um; Deibel, 1998) into gel- First, only copepods with visible antennae can be identified
like aggregates at these depths. Interestingly, the volume odsy the UVP5, so there is some underestimation of copepod
cupied by large appendicularian houses was increasing witlbundance that cannot be quantified due to this limitation.
depth until 200 m in the basin region (Fig. 5i). This implies Second, the towing speed of nets and UVP5 was relatively
that a fraction £10—25 %) of the larvacean houses producedsimilar (45-60 m mint), but zooplankton avoidance of the
on the shelf and slope was probably exported offshore. How-descendent rosette profiler cannot be excluded. Organisms
ever, appendicularian biovolume was almost at nil values be€ould sense the pressure wave at the front of the rosette and
low 100 m depth beyond the shelf break (Fig. 5i), indica- escape the field-of-view of the camera. Third, the UVP5 is
tive of disaggregation and recycling of carbon-rich discardedequipped with a red light system in order to reduce zooplank-
larvacean houses (Alldredge, 1976) occurring in the Pacifidon phototactic behavior (Picheral et al., 2010), but the light
Halocline. The relatively high concentration of protozoans emitted by other optical sensors might have repelled zoo-
in waters between 75 and 300 m depth in the slope and basiplankton. Hence, the difference in copepod abundance re-
regions (Fig. 5a, g) may be the sign of an important detri-ported here could have been caused by the addition of various
tal processing chain prevailing in this water mass offshore factors. However, our results illustrated that it was primarily
Large suspension-feeding protozoans, such as foraminiferdue to the fact that the UVP5 did not estimate reliably the
and radiolarians, which feed opportunistically on detritus, quantity of zooplanktor<1 mm close to the size limit of de-
gels and bacteria (Capriulo, 1990), are potentially good cantection (Fig. 3) and that nauplii could not be identified due to
didates to explain the occurrence of such a detritus-basetheir small size £600 um).
food web below the euphotic zone. The off-shelf advec- Over the shelf, the abundance of appendicularians was
tion of particulate matter from the shelf sediment is also aalso~6 times higher based on net tow sampling than with
potential mechanism for sustaining an active detrital path-the UVP5, but the associated error was also high (Table 3).
way in intermediate waters around the Mackenzie Shelf inThis result was unexpected in the sense that it is commonly
the southeast Beaufort Sea (Forest et al., 2008). Indeed, iknown that traditional net tows cannot provide reliable es-
both the slope and basin areas, the weak indentation in totimates of fragile organisms such as appendicularians. On
tal particle abundance around 100 m depth was likely sympthe one hand, a large fraction of appendicularians over the
tomatic of mild intermediate nepheloid layers of fine parti- shelf could have been less thari mm ESD. Such hypoth-
cles originating from the shelf and propagating offshore atesis is quite plausible since appendicularians in the surface
the depth of the shelf break (Fig. 2a, c). The increasing relHayer of Arctic seas (mainly oikopleurids) typically average
ative proportion of large carnivores in the mesopelagic zon€d.26 mm length and show an inverse relationship between
(i.e. chaetognaths and other gelatinous organisms compardibdy size and abundance (Deibel and Daly, 2007). Due to
with copepods and appendicularians) is another evidence thaheir elongated “tadpole” body shape, small appendicularians
supports the prevalence of a multivorous network at depth(e.g. juveniles) could get caught by 200 um mesh size nets
(e.g. Longhurst, 1985; Stemmann et al., 2008). Finally, thewithout being identified by the UVP5. On the other hand, a
absence of most zooplankton groups below 1000 m (Fig. 5patchy appendicularian swarm might have simply been sam-
suggests a “diluted” food web in the deep Canada basin, apled by one of the net tows conducted over the Mackenzie
also observed by Kosobokova and Hopcroft (2010). Shelf. Actually, a high number-(5000) of small bodies of

Oikopleuraspp. 1 mm length) were found in the net tow
4.2 Contrasting results of the zooplankton community sample from the first shallow station 60 m), which has not
structure as observed with the Underwater Vision been recorded in the UVP5 profile conducted a few hours
Profiler and vertical net tows later at that same location. This observation reinforces the
fact that both methodological differences and spatial patch-
Matching results from zooplankton net tows to those ofiness should be considered when interpreting zooplankton
video profilers is a challenge that can be hardly overcomedata from net tows and video profilers.
due to fundamental differences in their acquisition method The abundances of chaetognaths and protozoans estimated
(e.g. Remsen et al., 2004) and/or to the fact that spatial disby both the vertical net tows and the UVP5 were low but
tribution of plankton is patchy at various scales (Folt and similar (Tables 2 and 3), suggesting that both approaches
Burns, 1999). In the present study, both the UVP5 and neprovided an adequate resolution of these two zooplankton
tow datasets revealed that copepods were the most abuigroups. Protozoans identified in the net tow samples
dant groups, but marked discrepancies could be noticed imvere composed exclusively of radiolarians and foraminifera,
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two amoeboid-like plankton that could comprised species 5 9
>600 um and/or form colonies, which would explain their {Exponent = 1.3217 £ 0.037;

occurrence in the UVP5 dataset. This planktonic group Coefficient = 0.0125 £ 0.00%;

seems to be a ubiquitous inhabitant of the mesopelagic ~ ,, |#=0.97 i LA L
layer as observed across 9 marine biogeochemical provinces—> p <0.001

(Stemmann et al., 2008). Such findings highlight that pro- 2 1n =120

tozoans are not only members of the microzooplankton size- % ]

class<200 um (Calbet et al., 2008), but also important mem- £

bers of the mesozooplankton — thus potentially playing an g

unsuspected role in the “intermediate” food web. Some zoo- §

plankton groups found in the net tow samples were not iden- ¢

tified by the UVP5 and vice-versa (Tables 2—3). For exam- & 107wyt

ple, pteropods and ostracods were not reported by the UVP5,§

a weakness that needs to be corrected for future studies since

these two groups can be at time important components of °§

the Arctic marine ecosystem (Forest et al., 2011). Although ©

here, they were apparently minor contributors to the zoo-

plankton assemblage. Patchy spatial distributions of those

groups may also be responsible for the discrepancies be- 42 — S

tween the two datasets. Furthermore, it is possible that the 100 101

ctenophores identified by the UVP5 were in fact cnidarians, Copepod biovolume (mm? ind.")

as no ctenophore was found in net tow samples. However,

small comb jellies (and other fragile gelatinous organisms)Fig. 11. Regression of the empirical carbon content of each stage of
could have been destroyed when towing the net in the waeach Arctic copepod species in the size range 1-6 mm (equivalent
ter column, whereas larger medusae such as cnidaridhs ( spherical diameter) present in the Beaufort Sea against its biovol-
2 cm) might have resisted the ascent while not being resolvedgme as estimated with morphometric relationships (see Sect. 4.2
by the camera. for related discussion). This regression aims at providing a spe-

If we go beyond the main divergences between the UVPSCiﬁC biovolume-to-c;arbon convgrsion fellc.tor (power.-law equation
and net tow datasets, the information obtained when com® ~ ax) where @) is the muliplier coefficient anck{ is the scal-
bining the two methods is actually complementary and in_|ng exponent) for large AI’CtIC cop(_epods in order to esnr_nate mc_Jst

) . . . accurately the copepod biomass with the Underwater Vision Profiler
structive. _T_he UVP5 _enabled _hlgh spatial resolution ands i, the Beaufort Sea, and in the Arctic Ocean in general.
the recognition of fragile organisms, whereas the net tows
provided high taxonomic resolution and the collection of
more groups than the camera profiler was able to identify )
(e.g. pteropods). General patterns in the mesozooplanktoRertion of the abundance-{(77-89 %) obtained through net
community structure were also consistent between methodd®W sampling were not efficiently identified (if not at all) by
In particular, all 3 methodologies (manual, ZooScan andth? UVP5. Stl|!, th|_s underscore_s th_e need of cpnductmg tra-
UVPS5) delivered consistent estimates of copepod biovolumélitional sampling if the determination of the fine structure
(Tables 2-4), which demonstrates that copepod biomass i8f the zooplankton assemblage is the goal of a given study.
overall driven by large organisms (cf. Darnis et al., 2008). But if the pursued objective is to rapidly get reliable esti-
With an efficient resolution of the size-rangd—6 mm ESD ~ Mates of total copepod biomass, the UVPS appears to be
for copepods (Fig. 9), the UVP5 appeared to have cap? conven!ent approach in regions domlnateq by large cope-
tured adequately the bulk biomass of the dominant calanoid®©d Species. Therefore, we can relate the biovolume of Arc-
copepods in terms of total biomass (i@. hyperboreus i copepods that occupy the size-range~df—6 mm ESD
C. glacialis and M. longg Fig. 8) that are of utmost im- to their carbon content, as estimated with regional carbon-

portance for trophic transfer in the Beaufort Sea (Forest eProSome length equations (see Forest et al., 2011 and refer-
al., 2011). In fact, the abundance and biovolume of cope-£nces therem). This produces a general b|ovolume-to-c_arbon
pods estimated at each station within the size-range of 1-conversion factor (power-law) that can be used to estimate
6 mm was generally coherent even if the technical approactf®Pepod biomass with the UVPS in Arctic waters. This rela-
was different (Fig. 10). The significant inter-method re- tionship is presented in Fig. 11.

lationships of copepod biovolume and abundance were ro- The detailed composition of the zooplankton assemblage
bust (094 > r2 > 0.64), which gave us confidence that the obtained with manual taxonomic counts in the present
UVP5 dataset was representative of the assemblages of larggudy supports generally what we know of the diversity
copepods collected by the net tows. However, the smalland distribution of mesozooplankton in the Arctic Ocean.
copepods<1 mm ESD that accounted for a substantial pro- Apart from the classical notions that plankton biodiversity
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is relatively low (Table 2) and that copepod biomass iswell-defined feature of the western Arctic Ocean as a sharp
dominated by large calanoids (Fig. 7), some observationdatitudinal discontinuity in the abundance of marine snow
can, however, be made. Above all, the shelf environmentand zooplankton was also previously observed between the
was obviously the most active region in terms of herbivo- Chukchi/Beaufort shelves and the Canada basin (Ashjian et
rous feeding and reproduction activities, and probably foral., 2005). However, the latter authors invoked lateral ad-
the trophic transfer of organic matter too (as suggested irvection by the strong along-shelf current to explain the hori-
Sect. 4.1). First, the two large herbivor€s hyperboreus zontal gradient, whereas our investigation suggests primarily
andC. glacialisthat constitute key energy links in the Arc- a biological influence. Similarly, Kosobokova and Hirche
tic food web (Falk-Petersen et al., 2009) represented alon€2009) surmised that regional variability in local circula-
~89 % of the total copepod biomass over the shelf. Secondiion patterns was the main factor determining zooplankton
the small-sizedPseudocalanuspp. (which is the main prey biomass across Eurasian Arctic shelves, but could not ex-
of young stages of Polar cod, the dominant fish in the Arctic)clude that food availability was also important. Therefore,
was most abundant over the shelf, accounting~f80% by  a better examination of particle flux dynamics and carbon
number of the total copepodite assemblage (cf. Darnis et al.¢ycling in relation with the physical environment and bio-
2008). Third, roughly 90 % of all copepod naupl@glanus  geochemical conditions would be needed to determine the
spp. at~75 %) collected by the 200 um mesh nets were foundactual origin and fate of particulate organic matter and plank-
at stations<100 m bottom depth. By contrast, the offshore ton production in the southeast Beaufort Sea in late summer
assemblage was increasingly composed of carnivores, omnR2009.
vores and detritivores species. For example, the large car- Nevertheless, our results agree well with the study of
nivore P. glacialis represented a gradually large proportion Tremblay et al. (2011) who observed high mesozooplank-
(4% to 12 %) of the copepod biomass when progressing frormton recruitment on the Mackenzie Shelf in 2007-2008 and
the shelf toward the basin. Also, the well-known omnivore a steep gradient of productivity-3—4 times difference) be-
M. longa(e.g. Sampei et al., 2009) was almost absent ovettween the shallow shelf and the adjacent offshore area. Such
the shelf, but accounted for9-12 % of the total copepod a perspective indeed contrasts with Carmack and Wassmann
biomass in the two other regions. Furthermore, the smal(2006) who described the Mackenzie Shelf as an ecosystem
detritivore Spinocalanusspp., which is physiologically en- lacking direct grazing pathways and where zooplankton pop-
gineered to digest refractory detrital matter (Kosobokova etulations are poorly developed. Rapid pulses and abrupt de-
al., 2002), was the 5th most important species in terms otlines in ecosystem productivity induced by transient shifts
biomass beyond the shelf break. Due to their small ESD sizén atmospheric forcing are the norm more than the excep-
(Fig. 8), the two latter species were likely responsible for thetion in Arctic marine ecosystems. It is thus imperative to
more negativek values (spectrum slopes) of copepod abun-monitor sensitive regions such as the Beaufort Sea where a
dance and biovolume recorded across the shelf-basin inteeomplex setup of environmental factors drives strong phys-
face (Fig. 9), a trend comparable to what has been detecteidal and ecological gradients. As such, the routine deploy-
in the total zooplankton size distributions (Fig. 3). Therefore, ment of autonomous imaging instruments, like the Underwa-
the net tow dataset supported our previous assumption ofer Vision Profiler, can be beneficial for better understand-
the increasing prevalence of a high-recycling, low-productiveing large-scale patterns and long-term trends in physical-
and presumably low-export food web with greater distancebiological coupling and ecosystem function through both ob-
from the ice-free shallow region of southeast Beaufort Sea irservations and models. Our investigation of the size distri-
late summer 2009. bution and mean spatial trends of large particles and zoo-
plankton across the Mackenzie Shelf in July—August 2009
illustrated that the combination of automated imaging tech-
5 Conclusions nigues and traditional sampling methods is a powerful ap-
proach to explore the structural diversity and functioning of
Over the Mackenzie Shelf in late summer 2009, the averagérctic ecosystems through the coastal-marine realm.
phytoplankton biomass integrated in the upper water column
was relatively low 63 mgchla m=2), but still around 4- .
fold higher than offshore~14 mg chla m~2). This marked ~ APPeNdix A
difference set the stage for the occurrence over the shelf of )
a diverse zooplankton community (e.g. Table 3), a domi-LiSt Of stations and metadata
nant herbivorous food chain with a more positive biovolume
size-spectrum slope (i.e. dominance of large grazers) and
a relatively high secondary production (e.g. nauplii recruit-
ment) when compared with the offshore ecosystem where
multivory and recycling appeared to predominate (cf. Dar-
nis et al., 2008). Such a shelf-basin gradient seems to be a
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Table Al. List and metadata of oceanographic stations where sampling using an Underwater Vision Profiler 5 and traditional zooplankton
nets was conducted in the southeast Beaufort Sea in July—August 2009 as part of the successive ArcticNet and Malina campaigns. Data fron
multiple UVPS5 profiles conducted at each of the overlapping stations were averaged in order to perform comparisons with the vertical net
tow dataset.

Cruise Station Date Time Latitude Longitude  Bottom  UVP5 Zooplanktonnet Cruise  Station Date Time Latitude Longitude  Bottom  UVP5 Zooplankton net
(UTC) (uTC) CN) ©cw) depth(m) profile Taxonomy ZooScan (uTC) (UTC) °N) W) depth(m) profile Taxonomy ZooScan
ArcticNet 1 18-Jul-09  11:45:36 70.48 135.11 62 X X X Malina 670 10-Aug-09  19:26:24 69.8 138.44 172 X
ArcticNet 1 18-Jul-09  12:00:00 70.48 135.12 62 X Malina 670 10-Aug-09  21:07:12 69.8 138.44 174 X
ArcticNet 2 19-Jul-09  00:28:48 70.66 135.64 148 X X X Malina 670 10-Aug-09  22:48:00 69.8 138.43 173 X
ArcticNet 11 19-Jul-09 06:14:24 70.74 135.56 363 X X X Malina 660 11-Aug-09  00:57:36 69.99 138.65 268 X
ArcticNet 11 19-Jul-09  08:24:00 70.74 135.54 363 X Malina 660 11-Aug-09  03:21: 69.97 138.64 260 X
ArcticNet 3 19-Jul-09  12:57:36 70.71 135.8 400 X X X Malina 650 11-Aug-09  05:31:12 70.17 138.91 374 X
ArcticNet 14 20-Jul-09  00:28:48 70.58 135.95 94 X X X Malina 640 11-Aug-09  07:40:48 70.34 139.15 564 X X X
ArcticNet 15 20-Jul-09  06:28:48 70.65 135.93 294 X X X Malina 630 11-Aug-09  09:07:12 70.53 139.38 840 X
ArcticNet 17 20-Jul-09  12:57:36 70.61 136.47 730 X X X Malina 610 11-Aug-09  14:24:00 70.8 139.6 1823 X
ArcticNet 4 21-Jul-09  02:38:24 70.76 136.02 688 X X X Malina 620 11-Aug-09  22:48:00 70.67 139.63 1538 X
ArcticNet 10 21-Jul-09  12:43:12 70.79 135.53 432 X X X Malina 630 12-Aug-09  00:57:36 70.53 139.37 840 X
ArcticNet 1-09 21-Jul-09  21:50:24 70.82 134.55 73 X Malina 640 12-Aug-09  02:52:48 70.34 139.14 573 X
ArcticNet 23 22-Jul-09  00:57:36 70.9 134.27 82 X X X Malina 760 12-Aug-09  13:55:12 70.55 140.8 579 X
ArcticNet 22 22-Jul-09  07:40:48 70.82 13451 72 X X X Malina 760 12-Aug-09  15:21:36 70.55 140.8 560 X
ArcticNet 21 22-Jul-09  16:33:36 71.02 134.63 337 X X Malina 760 12-Aug-09 X 70.55 140.79 566 X
ArcticNet 18 23-Jul-09  01:12:00 70.88 135.36 495 X X X Malina 760 12-Aug-09  19:12:00 70.54 140.78 644 X
ArcticNet 8 23-Jul-09  07:40:48 70.92 135.86 782 X X X Malina 770 12-Aug-09  23:02:24 70.35 140.81 223 X
ArcticNet 20 23-Jul-09  15:50:24 71.02 135.35 645 X X X Malina 780 13-Aug-09 01:55:12 70.15 140.81 49 X
ArcticNet 16 24-Jul-09  14:09:36 70.8 136.66 1084 X X X Malina 780 13-Aug-09 03:36:00  70.15 140.8 50 X
ArcticNet 6 25-Jul-09  06:57:36 70.94 136.43 1024 X X X Malina 345 14-Aug-09  16:19:12 71.33 132.56 479 X
ArcticNet 7 25-Jul-09  14:24:00 70.99 136.13 1018 X X X Malina 345 14-Aug-09  18:14:24 71.34 132.59 502 X
ArcticNet  M-09  26-Jul-09  02:52:48 70.74 135.92 583 X X X Malina 345 14-Aug-09  20:24:00 71.35 132.61 517 X
ArcticNet 13 27-Jul-09  03:50:24 70.5 135.67 66 X X X Malina 345 14-Aug-09  22:19:12 71.35 132.61 530 X
ArcticNet 12 27-Jul-09  14:09:36 70.64 135.1 61 X X X Malina 345 15-Aug-09  00:28:48 71.35 132.62 519 X X X
Malina 390 31-Jul-09 R 70.18 133.56 58 X Malina 345 15-Aug-09 : 71.36 132.62 520 X
Malina 390 31-Jul-09 70.18 133.57 40 X Malina 345 15-Aug-09 71.35 132.61 524 X
Malina 390 1-Aug-09 70.18 133.58 43 X Malina 345 15-Aug-09 71.36 132.61 536 X
Malina 689 1-Aug-09  12:28:48 69.49 137.94 52 X Malina 345 15-Aug-09  08:09:36 71.36 132.61 539 X
Malina 690 1-Aug-09  15:07:12 69.48 137.93 51 X Malina 345 15-Aug-09  10:19:12 71.35 132.59 519 X
Malina 690 1-Aug-09  16:48:00 69.47 137.95 53 X Malina 345 15-Aug-09  12:14:24 71.36 132.58 525 X
Malina 690 1-Aug-09  20:24:00 69.49 137.94 55 X Malina 345 15-Aug-09  14:24:00 71.37 132.69 559 X
Malina 680 2-Aug-09  16:48:00 69.61 138.21 120 X Malina 345 15-Aug-09  16:19:12 71.38 132.72 612 X
Malina 680 2-Aug-09  19:12:00 69.61 138.22 122 X Malina 345 15-Aug-09  18:28:48 71.39 132.66 602 X
Malina 680 2-Aug-09  20:52:48 69.61 138.22 124 X Malina 345 15-Aug-09 71.41 132.64 580 X
Malina 680 2-Aug-09  22:48:00 69.61 138.24 124 X Malina 345 15-Aug-09 71.42 132.62 619 X
Malina 260 4-Aug-09  22:04:48 71.27 130.61 54 X X X Malina 345 16-Aug-09 71.42 132.59 625 X
Malina 260 5-Aug-09  00:00:00 71.27 130.6 59 X Malina 345 16-Aug-09  02:24:00 71.41 132.58 602 X
Malina 250 5-Aug-09 04:19:12 71.47 130.7 219 X Malina 345 16-Aug-09  04:19:12 71.43 132.61 654 X
Malina 240 5-Aug-09 06:14:24 71.67 130.74 462 X X X Malina 570 17-Aug-09  10:48:00 70.21 137.26 55 X
Malina 230 5-Aug-09  08:09:36 71.87 130.84 702 X Malina 560 17-Aug-09 70.39 137.48 400 X
Malina 220 5-Aug-09  10:19:12 72.06 130.89 890 X Malina 550 17-Aug-09  14:09:36 70.57 137.71 1077 X
Malina 220 5-Aug-09  14:09:36 72.05 130.83 834 X Malina 540 17-Aug-09  17:16:48 70.75 137.89 1514 X X X
Malina 220 5-Aug-09 15:50:24 72.05 130.88 880 X Malina 540 17-Aug-09  20:09:36 70.76 137.89 1514 X
Malina 220 5-Aug-09 17:31:12 72.05 130.94 911 X Malina 540 17-Aug-09  22:04:48 70.76 137.87 1522 X
Malina 240 5-Aug-09 22:19:12  71.67 130.73 465 X Malina 530 18-Aug-09 :33: 70.94 138.15 1602 X
Malina 240 6-Aug-09  00:28:48 71.67 130.74 455 X Malina 430 18-Aug-09  15:07:12 71.22 136.71 1361 X
Malina 110 6-Aug-09 11:02:24 717 126.48 400 X Malina 430 18-Aug-09 17:31:12 71.2 136.74 1334 X
Malina 110 6-Aug-09  15:21:36 717 126.48 397 X Malina 430 18-Aug-09  19:26:24 71.18 136.75 1300 X
Malina 110 6-Aug-09  18:00:00 717 126.48 395 X Malina 440 19-Aug-09  00:14:24 71.04 136.46 1149 X
Malina 120 6-Aug-09  23:02:24 71.57 126.91 419 X Malina 450 19-Aug-09  02:24:00 70.86 136.24 840 X
Malina 130 7-Aug-09  00:57:36 71.43 127.37 311 X X X Malina 480 19-Aug-09  07:26:24 70.28 135.75 60 X
Malina 130 7-Aug-09  03:36:00 71.42 127.36 313 X Malina 460 19-Aug-09  13:40:48 70.68 136.05 468 X
Malina 140 7-Aug-09  09:07:12 71.28 127.79 140 X Malina 460 19-Aug-09  15:50:24 70.68 135.99 434 X X X
Malina 150 7-Aug-09 11:16:48 71.16 128.16 66 X Malina 460 19-Aug-09  16:19:12 70.68 135.97 420 X
Malina 160 7-Aug-09  12:43:12 71.05 128.5 43 X Malina 460 19-Aug-09  18:14:24 70.68 135.89 362 X
Malina 170 7-Aug-09  14:38:24 70.91 128.92 35 X Malina 135 20-Aug-09  18:43:12 71.31 127.48 231 X
Malina 170 7-Aug-09  16:19:12 70.92 128.92 35 X Malina 135 20-Aug-09  20:24:00 71.31 127.49 230 X
Malina 170 7-Aug-09  17:45:36 70.92 128.92 35 X Malina 135 20-Aug-09  22:48:00 7131 127.49 228 X
Malina 150 7-Aug-09  23:.02:24 71.16 128.16 66 X Malina 135 21-Aug-09  00:28:48 7131 1275 223 X
Malina 150 8-Aug-09  01:12:00 71.16 128.16 66 X Malina 135 21-Aug-09  02:24:00 71.31 127.49 230 X
Malina 390 8-Aug-09 11:31:12 70.18 133.56 44 X Malina 135 21-Aug-09  04:19:12 71.31 127.49 231 X
Malina 380 8-Aug-09 13:12:00 70.4 133.61 60 X Malina 135 21-Aug-09  06:14:24 7131 1275 228 X
Malina 380 8-Aug-09  14:52:48 70.4 133.6 63 X Malina 135 21-Aug-09  08:24:00 71.31 127.49 227 X
Malina 380 8-Aug-09 16:19:12 70.39 133.6 62 X Malina 135 21-Aug-09  10:19:12 7131 127.49 230 X
Malina 370 8-Aug-09  19:12:00 70.6 133.65 70 X Malina 135 21-Aug-09  12:57:36 7131 127.49 227 X
Malina 360 8-Aug-09  22:04:48 70.8 133.73 75 X Malina 135 21-Aug-09  14:24:00 7131 1275 224 X
Malina 360 8-Aug-09  23:31:12 70.8 133.73 74 X Malina 135 21-Aug-09 16:19:12 71.31 1275 222 X
Malina 350 9-Aug-09  04:19:12 70.97 133.73 90 X Malina 135 21-Aug-09  18:28:48 71.31 127.49 227 X
Malina 340 9-Aug-09  06:28:48 7117 133.83 575 X Malina 135 21-Aug-09  20:24:00 7131 1275 227 X
Malina 330 9-Aug-09  08:09:36 71.37 133.89 1080 X Malina 135 21-Aug-09 71.31 127.5 225 X
Malina 320 9-Aug-09  10:19:12 71.57 133.94 1159 X Malina 235 22-Aug-09 71.76 130.83 619 X X X
Malina 310 9-Aug-09  12:43:12 71.74 133.95 1614 X Malina 235 22-Aug-09 71.76 130.76 567 X
Malina 320 9-Aug-09  15:07:12 7157 133.95 1160 X Malina 235 22-Aug-09 71.76 130.81 599 X
Malina 320 9-Aug-09  17:02:24 71.56 133.95 1141 X Malina 235 22-Aug-09 7177 130.8 598 X
Malina 320 9-Aug-09 18:57:36 71.56 133.95 1115 X Malina 235 22-Aug-09  16:19: 71.76 130.83 617 X
Malina 330 9-Aug-09  21:36:00 71.37 133.89 1080 X Malina 235 22-Aug-09  18:28:48 7177 130.9 666 X
Malina 340 9-Aug-09  23:45:36 7117 133.82 590 X Malina 235 22-Aug-09  20:24:00 7177 130.94 681 X
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