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The ‘plastic soup’

the shore, while offshore winds push debris toward major ocean
current transport systems. Both types of wind have a greater effect
on objects that have appendages above the sea surface, such as
fishing floats and bathtub toys. In the deep ocean, large
high-pressure systems known as gyres tend to accrete the debris,
while low-pressure systems tend to disperse it (Ingraham and
Ebbesmeyer, 2000). In the largest gyre, located in the central
North Pacific, neuston trawls lined with 0.333 mm mesh yielded
the astounding figure of six kilos of plastic fragments for every
kilo of zooplankton 40.333 mm in size (Moore C.J., et al., 2001,
Fig. 1).

2. Plastic debris concerns

It was inevitable that a lightweight, long-lived (slow biode-
grading) product that fills so many commodity niches, and which
is often used only once and discarded, would eventually cause
problems for the marine and terrestrial environments where it
accumulates.

2.1. Aesthetics

According to the World Health Organization, a clean beach is
one of the most important characteristics sought by visitors
(Bartram and Rees, 2000). The negative effects of debris, defined
as solid materials of human origin, are: loss of tourist days,
resultant damage to leisure/tourism infrastructure, damage to
commercial activities dependent on tourism, damage to fishery
activities, and damage to the local, national and international
image of a resort. ‘‘Such effects were experienced in New Jersey,
USA in 1987 and Long Island, USA in 1988 where the reporting of
medical waste, such as syringes, vials and plastic catheters, along
the coastline resulted in an estimated loss of between 121 and
327 million user days at the beach and between US$ 1.3!109 and
US$ 5.4!109 in tourism related expenditure’’ (Bartram and Rees,
2000). Clean beaches, free from debris, are a thing of the past. In
the 20 years since the US-based organization, Ocean Conservancy
organized the first annual International Coastal Cleanup Day,
6 million volunteers from 100 countries have removed 100 million
pounds of litter from 170,000 miles of beaches and inland
waterways. Reports of groups finding nothing to pick up do not
exist. While the International Cleanup Day effort expands each

year, so does the amount of debris recovered. Between 1996 and
2006, at Escondido Beach, California, 310 total debris items were
removed, but 182 of those were found in 2005, representing
59% of the total recovered in the last year of the 10-year effort.
At Torrey Pines State Beach, California, in the four quarters of
2005, 136 items were removed, but in the second quarter of 2006
alone, 189 items were found (Ocean Conservancy, 2007).

It must be remembered that beach cleanups focus on macro-
debris. Numerous studies have found micro-debris on beaches
and in their sediments worldwide, many of the beaches remote
from human activity. (McDermid and McMullen, 2004; Moore S.L.,
et al., 2001; Gregory, 1977, 1978, 1983, 1991, 1996, 1999;
Thompson et al., 2004; Ng and Obbard, 2006). In a study of a
beach, near an urban river mouth, Moore et al. (unpublished data)
found the sand to be 1% plastic by volume down to a depth of
20 cm.

Floating debris is an aesthetic issue for swimmers, mariners,
coastal and inland water body dwellers, and submerged debris is
an aesthetic issue for divers.

2.2. Entanglement

In the 1980s, researchers estimated that there were approxi-
mately 100,000 marine mammal deaths per year in the North
Pacific related to entanglement in plastic nets and fishing line
(Wallace, 1985). Currently in the US, the NOAA is using digitally
enhanced photos of wounds suffered by marine mammals to
identify the type of line they were entangled in (National Oceanic
and Atmospheric Administration). Lost and abandoned nets,
termed ‘‘ghost nets’’, continue to fish and destroy resources. A
report by Canada’s Food and Agriculture Organization (FAO, 1991)
estimates that 10% of all static fishing gear is lost, and that this
results in a loss of 10% of the target fish population. Efforts to
remove this gear are growing, but are not widespread, and the
great cost of removal of derelict gear is not borne by those who
manufacture it or lose it. Such costs could threaten the economic
viability of commercial fishing.

Documentation of entanglement of seabirds and other marine
species in six-pack rings used to hold cans and bottles has
resulted in changes to the plastic formula to speed up disintegra-
tion in the environment. The polymer can be changed chemically
during manufacture so that it absorbs UV-B radiation from
sunlight and breaks down into a very brittle material in a fairly
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Fig. 1. Trawl Sample, August, 2005, AMRF survey: 401 North Latutude, 1401 West Longitude. Photo: Capt. Charles Moore.
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Combining 11,000 trawl data points
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Estimating the amount of small floating plastic
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Simulating the pathways of plastic
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More plastic in anticyclonic eddies than in cyclonic

counted, including the mesoplastic (5 mm–20 cm). Mesoplastics re-
presented about 10% in number of the debris collected. Plastic pieces
were arranged in 20 cm diameter glass petri dishes according to their
size and color (Fig. SI 1). Lines (the fibers were about 1 mm in diameter
and were attributed to fishing lines because clothing fibers are typically
thinner) were treated separately; they were measured manually with a
ruler because they were often twisted. The petri dishes containing the
pieces were scanned. The image was treated with ImageJ software. The
pieces of plastic debris were individually identified and their length and
width determined. Of the two dimensions established by ImageJ, the
larger one was attributed to the length and the other to the width. All
plastic debris were then weighed to the nearest 0.01 mg. Finally, they
were stored individually in glass vials at −18 °C for further char-
acterization. The uncorrected sea surface concentrations of micro-
plastics (Ntow) were expressed in number of pieces per square kilometer
and are reported in Table SI 1.

2.4. Surface concentrations correction

The surface concentrations of microplastics were corrected in order
to remove the variations induced by wind mixing (N). We based our
correction on the model described by Kukulka et al. (Kukulka et al.,
2012) and an adjustment of the plastic debris rising velocity from Re-
isser et al. (Reisser et al., 2015). The detail of the correction is given in
Section SI 1 and values are reported in Table SI 1. Reisser et al. com-
pared the correction model with in situ measurements between 0 and
5 m below the surface and observed a good correlation at Beaufort
between 1 and 4. Hence, all stations at Beaufort 5 were excluded from
the discussion because the data were outside the limits of validity of the
correction model. The mass concentrations were not corrected by the
Kukulka model because the equations are based on the number of
particles only.

2.5. Sea level anomalies

Sea level anomalies (SLA) are produced from satellite observations
and, even if interpolation comes into play, these observations are much
more precise than the SSH products from CMEMS used for routing the
boat. Therefore SLA were used for the correlation with microplastic
surface concentrations. We collected SLA observation products dis-
tributed by CMEMS portal and referenced as
SEALEVEL_GLO_SLA_MAP_L4_REP_OBSERVATIONS_008_027. Data is
produced by the Centre National d'Etudes Spatiales (CNES) in part-
nership with Collecte, Localisation, Satellites (CLS). Data is gridded and
merged (interpolated from several satellites). Data is available daily
and given with a formal mapping error of around 1 cm (depending on
the location). The resolution is ¼°. The SLA of the area explored were
between −2.5 and 18 cm (details in Table SI 1). The SLA range was
divided into three equal intervals: low (−2.5 to 5 cm), medium (5 to
10 cm) and high (10 to 18 cm).

2.6. Eddy identification

Petersen et al.'s algorithm was used to detect and track the me-
soscale eddies in the sampled area using the Okubo-Weiss (OW) para-
meter (Petersen et al., 2013). The OW parameter (W) is based on the
velocity gradient tensor and highlights the flow part where vorticity
dominates strain, which correspond to a negative parameter W. This
parameter was calculated from surface current data available from the
CMEMS portal. This is a model product, referenced as GLOBAL_ANA-
LYSIS_FORECAST_PHYS 001_002. It is available daily with a resolution
of 1/12°. The algorithm made available on line by Petersen et al.
(Petersen et al., 2013) was used and was adapted to the format of the
present data files (NetCDF). W can be calculated over the whole globe
but this parameter needs a threshold depending on the region of the

ocean to identify the eddy edge ( ≤ −0.2W
σW

is usually used, where σW is
the standard deviation of W over the region of interest) (Petersen et al.,
2013). We considered that translational motion of the eddy from east to
west was negligible over the 15 days of the sampling period. We cal-
culated the outlines of both eddies daily and defined their edges as the
average over the 15 days.

3. Results and discussion

Microplastic surface concentrations will be either discussed un-
corrected (Ntow expressed in pieces per square kilometer, Table SI 1),
or corrected according to Kukulka model (N) (Kukulka et al., 2012).
The uncorrected data are available in the supporting material section
and the corrected data are presented in the article; most studies present
corrected data (Cozar et al., 2014). Microplastic concentrations were
typical of what is measured in the North Atlantic subtropical gyre
(hundreds of thousands of pieces per square kilometer) (Law et al.,
2010).

3.1. Correlation with sea level anomalies

During the sampling campaign, the explored area corresponded to
SLA between −2.5 cm and +18 cm (Fig. 2). This range was divided
into three equal intervals.

In total, we performed 41 measurements, 29 of which were within
the subtropical gyre delimitated by Lebreton et al. (Lebreton et al.,
2012). On average, microplastic abundance concentrations were 6.2
times higher inside the gyre than outside. In the subtropical gyre, mi-
croplastic corrected concentrations varied from 5000 to
360,000 pieces/km2. The rest of the discussion concerns only the dis-
tribution of microplastics inside the subtropical gyre, where there were
high variations (up to 70 fold). In spite of the dispersed values, N in-
creased systematically with increasing SLA categories (Fig. 3). The
uncorrected correlation with SLA is given in Fig. SI 2 and show the
same tendency. The statistical Mann Whitney test at 5% indicated that
microplastic concentrations were significantly different at low and high
SLA (mean N at low SLA of 18,000 pieces/km2 and 138,000 pieces/
km2. at high SLA, p= 1.3%). Between these two categories, the mean N
differed by a factor of 7.7.

3.2. Correlation with model currents

In addition to investigating the correlation between the distribution
of microplastics and SLA, the variations in local ocean circulation and

Fig. 2. Map of the sampled area within the North Atlantic subtropical gyre correlated
with Sea Level Anomalies satellite observations obtained from the CMEMS portal (on 1st
June 2015). The boat track is shown as a black line and was obtained by the Argos system;
the sampling site locations are marked as white squares.
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particularly mesoscale eddies will be discussed. Eddies are coherent
mesoscale vortices of water that play a key role in the ocean. They have
a dynamic influence in the ocean, especially on the transport of heat,
salt, and water masses (Zhang et al., 2014; Faghmous et al., 2015). They
also have a biological influence through upwelling of cold water rich in

nutrients for the growth of phytoplankton or, on the contrary, down-
welling (depending on the sense of rotation) (Zhang et al., 2014;
Faghmous et al., 2015). There are various methods to identify eddies
and determine their contour, using SLA is a first one, where the eddy
boundaries are set to SLA above a given threshold (Fang and Morrow,
2003; Chaigneau and Pizarro, 2005). There are also methods based on
the Okubo-Weiss (OW) parameter using velocity fields under vorticity-
dominated flows. We used this parameter and, as described in Fig. 4,
the two eddies explored had well defined boundaries, which were de-
termined by taking the average of the outlines found over 15 con-
secutive days. A movie showing the OW parameter over the 15 days of
sampling is available in SI (Movie SI 1). Peterson et al. used a minimum
lifetime cutoff of 28 days for well-defined eddies (Petersen et al., 2013).
We ensured indeed that the two eddies explored had a lifetime well
above that limit, they indeed already existed 6 months earlier (Fig. SI
3). In June 2015, the cyclonic eddy was approximately 200 km by
150 km and the anticyclonic eddy was 200 km by 100 km. The centers
of the eddy were about 400 km apart. It took 5 days to sail from one
eddy to the other under bad weather conditions. As expected, the eddy
edges were correlated with SLA values (see Fig. SI 4) even though there
was not a perfect match. This was principally due to a difference in
resolution between the two data sets.

Microplastic surface concentrations were then compared within the
two eddies (Fig. 5, for uncorrected data see Fig. SI 5). The mean N value
in the cyclonic eddy was 20,000 pieces/km2 compared to
170,000 pieces/km2 in the anticyclonic eddy. The averaged micro-
plastic surface concentration was 9.4 higher in the anticyclonic eddy.
There is an important plastic concentration at the south east of the AE
(Fig. 5), it is just at the limit of its boundaries and it illustrates the
uncertainties of the mathematic delimitation of eddies edges. This
measurement could have been included in the calculation of the ratio
AE/CE that would then equal 10.3. There was also significant plastic
debris concentrations at the east of the AE, it was located between two
AE as can be seen in Fig. 2. There are very complicated turbulent effects
at the eddies edges, convergence and divergence at small scale features
could occur and influence plastic distribution at the surface. It would be
very interesting to study these phenomenon in the future. In summary,
from our in situ measurements, we observe that the anticyclonic eddy
tended to accumulate more floating microplastic than the cyclonic
eddy.

4. Conclusion

In conclusion, this study presents the first direct observation of
different concentrations of plastic between a cyclonic and an antic-
yclonic mesoscale eddy. Although the sample size is small, the results
here corroborate the hypothesis that mesoscale ocean dynamics impact
plastic debris distribution at the sea surface within subtropical gyres.
We strongly encourage further analysis of this effect in other trawl
datasets. As anticyclonic eddies also tend to trap and transport

Fig. 3. Corrected sea surface concentrations of microplastics (N, pieces/km2) according to
Sea Level Anomaly categories (SLA, cm). Whiskers correspond to 1.5 times the inter-
quartile range. Values are represented by crosses, min. and max. values by triangles, and
mean values by stars. This graph was obtained from 24 net tows (3 measurements at low
SLA, 8 at medium and 13 at high SLA; 5 measurements at Beaufort 5 have been removed
because of bad weather conditions).

Fig. 4. Map representing the mean surface current vectors between 1st and 15th June
2015, the boat track of the 7th Continent expedition is reported as a black line. The daily
calculated eddy boundaries are represented by thin lines. In bold line was represented the
average of the outlines calculated over 15 consecutive days. As the translational east-west
motion of eddies was negligible over this time period, their boundaries were defined as
the mean (bold line).

Fig. 5. Corrected surface microplastic concentrations (N) inside
the gyre correlated with delimitation of eddies calculated using
the Okubo-Weiss (OW) parameter. The route taken by the boat is
shown as a black line, eddy boundaries are marked in blue and
red for the cyclonic (3 measurements) and anticyclonic eddies (6
measurements), respectively. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the
web version of this article.)
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Interocean exchanges with virtual particles
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Particles as plankton
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Going global
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Towards particles that behave like fish

The condition of a larva upon its arrival on a reef may be
closely tied to the length of time that it spends in the pelagic zone
(Searcy and Sponaugle, 2001). On average, orienting larvae settled
on reefs two days earlier than those that did not orient. These two
days can make quite a difference — not only because the fish
larvae will be less exhausted upon settlement, but also because
those are two fewer days when they are vulnerable to predation
(Paris, 2009; Kang and Kourafalou, 2008). Here we did not include
mortality, but predation-induced mortality could be added, and
we expect that orienting larvae would experience lower mortality
levels because they settle earlier. Furthermore, by including
growth rates and metabolic activity, the trade-offs between high
swimming activity and early settlement compared to lower
swimming activity and later settlement could be investigated.
An analysis of the condition of settling larvae would allow a

thorough understanding of the benefits of certain behavioral
strategies (Fiksen et al., 2007).

The magnitude of difference in levels of self-recruitment
between the orientation and no-orientation scenarios for the
Dry Tortugas and Middle Keys was markedly different, and it
varied depending on the size of the ‘‘home region,’’ (Fig. 5). When
home was defined as reefs within 15 km from the natal reef, early
orientation with a 10 km detection distance increased the total
number of self-recruiting larvae to the Dry Tortugas by nearly one
order of magnitude (i.e., 17 times), whereas in the Middle Keys
the increase was 7-fold (Fig. 5). However, when home was limited
to a 4 km region, orientation in the Middle Keys led to an order of
magnitude increase in self recruitment, while in the Dry Tortugas
it led to only a 6-fold increase. Therefore, for larvae in the Middle
Keys, where the current is more unidirectional, orientation
behavior is absolutely critical in order to settle within a small
region of the home reef, whereas in the Dry Tortugas, the benefits
of orientation on self-recruitment are less important.

These results reflected the differences in the current regimes
and geomorphology at the two sites. In the Dry Tortugas region,
larvae were often entrained into a semi-permanent gyre (Kang
and Kourafalou, 2008) which means that they passed their home
region a second time, once they were older and had stronger
swimming abilities (see Appendix A and Supplementary material
Video S1). This gyre allowed more larvae to be retained in this
region, resulting in higher self-recruitment (Fig. 5) and overall
smaller dispersal distances (Figs. 6 and 7). This corroborates
previous work on the relative influence of physical and biological
processes to larval fish dispersion (Fiksen et al., 2007; Paris et al.,
2007b). Paris et al. (2007) showed a sequential shrinkage of larval
dispersal kernels and an increase in self-recruitment with eddy
activity and deep vertical migrations (Paris et al., 2007b). In
addition, the reef habitats are highly patchy in this region, which
increased the chance of settlement within the larger 15 km
region, but not necessarily within the 4 km region. This is because
the model dictated that when they reached settlement age, larvae
oriented towards the nearest reef they could detect, without a
special preference for their natal reef. In the Middle Keys, the
meandering Florida Current quickly advected the larvae to the
north (Kang and Kourafalou, 2008), making early orientation
behavior even more critical, especially to reach the reefs within
4 km of home. Because the reefs in the Middle Keys are aligned on
a straight line and are thus more fragmented, there are fewer
dispersal paths that can lead to settlement habitat, so the
probability that larvae settled without orientation behavior was
low. Furthermore, many larvae were advected beyond the north-
ern edge of the reef tract before they had the chance to orient and
move towards the reefs, which explains why it was only the early
orientation scenario that increased overall settlement for larvae
released in the Middle Keys. In sum, our results indicate that it is
a combination of oceanographic conditions, geomorphology, and
orientation behavior that explains the site-specific differences in
larval recruitment levels.

When examining the effect that maximum detection distance
had on larvae released in the Dry Tortugas, we found that larger
detection distances led to an increase in settlement (Figs. 2–4)
and self-recruitment (Fig. 5). This trend was consistent for each
month (Fig. 2). When larvae sensed the reef from farther away,
they were able to influence their path and were more likely to
find suitable habitat. Interestingly, the change from a 5 km to
10 km detection distance made little difference, suggesting that
the most advantageous cues in this model operate on a 1 km–
5 km scale, making acoustic cues a likely orientation mechanism.
Indeed, these results match the orientation method modeled here,
i.e., detection of current-independent cues radiating from a
central habitat (Armsworth, 2000). In the future this module

Fig. 7. Settlement patterns and orientation: for larvae with no orientation (A);
with early orientation and a detection distance, b, of 10 km and cue strength,
k¼4.5 (B); and with late orientation with b ¼10 km and cue strength, k¼4.5 (C).
Each dot represents the settlement location of one larva released from the Dry
Tortugas site from July to August 2007. Larvae only settled to reefs (see Fig. 1 for
location of reef polygons). Larvae typically settled closer to home with early
orientation behavior.

E. Staaterman et al. / Journal of Theoretical Biology 304 (2012) 188–196194

Better habitatUnfavourable habitat

Staaterman, Paris & Helgers (2013) Journal of Theoretical Biology  

The condition of a larva upon its arrival on a reef may be
closely tied to the length of time that it spends in the pelagic zone
(Searcy and Sponaugle, 2001). On average, orienting larvae settled
on reefs two days earlier than those that did not orient. These two
days can make quite a difference — not only because the fish
larvae will be less exhausted upon settlement, but also because
those are two fewer days when they are vulnerable to predation
(Paris, 2009; Kang and Kourafalou, 2008). Here we did not include
mortality, but predation-induced mortality could be added, and
we expect that orienting larvae would experience lower mortality
levels because they settle earlier. Furthermore, by including
growth rates and metabolic activity, the trade-offs between high
swimming activity and early settlement compared to lower
swimming activity and later settlement could be investigated.
An analysis of the condition of settling larvae would allow a

thorough understanding of the benefits of certain behavioral
strategies (Fiksen et al., 2007).

The magnitude of difference in levels of self-recruitment
between the orientation and no-orientation scenarios for the
Dry Tortugas and Middle Keys was markedly different, and it
varied depending on the size of the ‘‘home region,’’ (Fig. 5). When
home was defined as reefs within 15 km from the natal reef, early
orientation with a 10 km detection distance increased the total
number of self-recruiting larvae to the Dry Tortugas by nearly one
order of magnitude (i.e., 17 times), whereas in the Middle Keys
the increase was 7-fold (Fig. 5). However, when home was limited
to a 4 km region, orientation in the Middle Keys led to an order of
magnitude increase in self recruitment, while in the Dry Tortugas
it led to only a 6-fold increase. Therefore, for larvae in the Middle
Keys, where the current is more unidirectional, orientation
behavior is absolutely critical in order to settle within a small
region of the home reef, whereas in the Dry Tortugas, the benefits
of orientation on self-recruitment are less important.

These results reflected the differences in the current regimes
and geomorphology at the two sites. In the Dry Tortugas region,
larvae were often entrained into a semi-permanent gyre (Kang
and Kourafalou, 2008) which means that they passed their home
region a second time, once they were older and had stronger
swimming abilities (see Appendix A and Supplementary material
Video S1). This gyre allowed more larvae to be retained in this
region, resulting in higher self-recruitment (Fig. 5) and overall
smaller dispersal distances (Figs. 6 and 7). This corroborates
previous work on the relative influence of physical and biological
processes to larval fish dispersion (Fiksen et al., 2007; Paris et al.,
2007b). Paris et al. (2007) showed a sequential shrinkage of larval
dispersal kernels and an increase in self-recruitment with eddy
activity and deep vertical migrations (Paris et al., 2007b). In
addition, the reef habitats are highly patchy in this region, which
increased the chance of settlement within the larger 15 km
region, but not necessarily within the 4 km region. This is because
the model dictated that when they reached settlement age, larvae
oriented towards the nearest reef they could detect, without a
special preference for their natal reef. In the Middle Keys, the
meandering Florida Current quickly advected the larvae to the
north (Kang and Kourafalou, 2008), making early orientation
behavior even more critical, especially to reach the reefs within
4 km of home. Because the reefs in the Middle Keys are aligned on
a straight line and are thus more fragmented, there are fewer
dispersal paths that can lead to settlement habitat, so the
probability that larvae settled without orientation behavior was
low. Furthermore, many larvae were advected beyond the north-
ern edge of the reef tract before they had the chance to orient and
move towards the reefs, which explains why it was only the early
orientation scenario that increased overall settlement for larvae
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When examining the effect that maximum detection distance
had on larvae released in the Dry Tortugas, we found that larger
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Indeed, these results match the orientation method modeled here,
i.e., detection of current-independent cues radiating from a
central habitat (Armsworth, 2000). In the future this module

Fig. 7. Settlement patterns and orientation: for larvae with no orientation (A);
with early orientation and a detection distance, b, of 10 km and cue strength,
k¼4.5 (B); and with late orientation with b ¼10 km and cue strength, k¼4.5 (C).
Each dot represents the settlement location of one larva released from the Dry
Tortugas site from July to August 2007. Larvae only settled to reefs (see Fig. 1 for
location of reef polygons). Larvae typically settled closer to home with early
orientation behavior.
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Reaching reef without swimming Reaching reef with swimming



The Parcels framework for Lagrangian Ocean Analysis

‣ Parcels: “Probably A Really Computationally Efficient Lagrangian Simulator”1 

‣ A set of python classes and methods for building Lagrangian particle models 

‣ Kernel-driven computation: a “kernel” encodes a particular action  

‣ Pre-built kernels: advection, diffusion 

‣ Customised: Encode anything you need 

‣ Sinking, swimming, fragmenting, … 

‣ Concatenate kernels to create particle behaviour

1 Thanks to Joakim Kjellsson for the backronym!

OceanParcels.org



The Big Ocean Data challenge

‣ How do we make sure our tools and infrastructure are ready for the petascale age? 

30 day resolution

30 day resolution

10 day resolution

5 day resolution

5 day resolution

1 day resolution

0.25 day resolution

Total storage of 3D flow  
for 50-year simulation &100 vertical levels

‣ How do we make sure our codes are sharable and results are reproducible?



as
se

ssm
en

t

• adding alternative evaluation

Towards a radically open science
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• sharing posters and presentations
• communicating via social media

pub
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n

• sharing preprints
• using open peer review
• publishing open access
• using open licenses

writi
ng

• open XML-drafting
• using actionable formats

an
aly

sis
• pre-registering
• sharing data
• sharing code
• sharing notebooks
• sharing protocols and workflow

se
arc

h • commenting openly
• using shared reference libraries
• sharing (grant) proposals

Planning our research through co-creation | Conducting our research transparently and inclusively 

Communicating with peers and the public | Getting recognised and rewarded in an unbiased way

Bosman & Kramer (2017) https://doi.org/10.6084/m9.figshare.5065534.v1 



But we need to keep sane and healthy in academia



Conclusions

The ocean is no bathtub; it is in constant motion and full of small-scale eddies, which have 
a crucial role in the transport of heat, nutrients, plankton and plastic. 

Most of the plastic in the ocean is ‘missing’. Mapping this plastic is an exciting 
challenge for oceanographers. Plastic is a unique tracer.

Lagrangian Ocean Analysis provides interpretation of oceanic flow through 
conditional pathways and connectivity, for both passive and active virtual particles.

To cope with the petascale-age of ocean data, we need to reward radically open science!



Thanks to the topios.org and oceanparcels.org teams


