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Highlights

	•The website adrift.org.au allows users to compute dispersion on the ocean surface.

	•The methodology is based on splicing the trajectories of observed surface drifters.

	•The website yields probability patterns of passive particles on the ocean surface.

	•These particles can be used to represent pelagic planktonic organisms.

	•The website is freely available and easy to use without computational background.




Abstract
Almost all organisms in the ocean are impacted by ocean currents. Hence, there is growing interest by marine ecologists in using objective methods to assess current drift and its implications for marine connectivity. Here, an online tool – hosted at adrift.org.au – is introduced that allows for a simple, quantitative assessment of drift patterns and transit time scales on the global scale. The tool is based on a statistical transition matrix representation of the observed trajectories of more than 15 thousand surface drifters. Users can select any point in the ocean and obtain the evolution of the probability density distribution for a tracer released at that point, both forward and backward in time, for a maximum interval of 10 years. It is envisioned that this tool will be used in research and teaching, especially where estimates of drift patterns and transit times are required quickly.





Introduction
Many organisms in the ocean are planktonic for either their entire lifespan or during some stage of their life cycle (e.g. Suthers and Rissik, 2009). This means that these species – including bacteria (e.g. Wilkins et al., 2013), foraminifera (e.g. Weyl, 1978) and jellyfish (e.g. Dawson et al., 2005) as well as eggs and larvae of fish (Aiken et al., 2011; e.g. Cowen et al., 2006, White et al., 2010), crustaceans (e.g. Griffin et al., 2001) and algae (e.g. Coleman et al., 2013) – can drift and disperse over long distances during their life. In addition, stronger swimmers such as nekton, including large fish, turtles, marine mammals and penguins may have their movements impacted by currents that can alter their speed of travel or carry individuals off-course (see Chapman et al., 2011 for a review).
Understanding this pelagic drift is important for studying (genetic) connectivity, species invasion, biogeography or for explaining animal behavior (such as in some species of turtle; Scott et al., 2014). Given this broad impact of ocean currents, it is not surprising that biologists have had a long interest in assessing the implications of current drift for their particular species or ecosystems of interest. Many decades ago, marine biologists used simple schematics of ocean currents to assess ocean drift (Carr, 1967), thereby ignoring the variability in currents and details such as eddies. As ocean current models and trajectories of drifting buoys started to become available, there were efforts by biologists to use these tools (e.g. Hays and Marsh, 1997).
Studies in the early 1990s were constrained by the limitations of the models and the availability and extent of buoy trajectories. The last 20 years have seen advances in both areas. Ocean models are now widely used by biologists (Cowen et al., 2006; e.g. Hays et al., 2013, Kough et al., 2013, Naro-Maciel et al., 2014, Paris et al., 2005, Simpson et al., 2013, Staaterman et al., 2012). However, these ocean models still do not reproduce all the details and variability in actual ocean currents and require a skills set to implement that is often outside the experience of marine ecologists (Fossette et al., 2012). At the same time, the freely available data-set of global Lagrangian drifter trajectories has grown hugely (http://www.aoml.noaa.gov/phod/dac/index.php) and this is now a relatively straightforward resource for biologists to use in its simplest form of plotting individual trajectories (Monzon-Argueello et al., 2010).
Here I describe a freely available, quick and simple online tool for studying the pathways and time scales of ocean surface drift based on empirical data. The tool uses Lagrangian drifter data but goes well beyond plotting individual trajectories. Rather, the tool splices together all the possible drift scenarios in the Lagrangian drifter dataset so that the full extent of drift scenarios is generated and quantified. This easy-to-implement approach promises to have very wide utility (van Sebille et al., 2011, van Sebille et al., 2012a), although there are some caveats (including the lack of control over exact depth habitat of the organisms and the õabsence of mortality or settling/beaching, see also the Discussions and conclusion section) that might limit the merit of the tool for certain research questions.
The website adrift.org.au is fronted by an easy-to-use interface (Fig. 1) where researchers can study the movement (in a probabilistic sense) of passive particles from any point in the ocean, both forward and backward in time. While adrift.org.au is framed in terms of marine plastics, the results are equally representative for many planktonic species in the upper few meters of the ocean. Output from the website can be downloaded in a comma separated value (csv) format for easy import into data analysis programs like Microsoft Excel, R, python or Mathworks Matlab.



Section snippets
The surface drifter data
The numerical engine behind adrift.org.au is built on an updated version of the methodology described in van Sebille et al. (2012a), which is similar to that presented in Maximenko et al. (2012). In these studies, the trajectories of surface drifters (Niiler, 2001), as aggregated in the NOAA Global Drifting Buoy Program (Lumpkin, 2003, Lumpkin et al., 2012), were used to study the formation and evolution of the marine garbage patches. In total, more than 24 million locations from 17,494
Using adrift.org.au
Users of adrift.org.au are presented with a map of the global ocean. The mouse is used to select a point somewhere in the ocean that represents the start point of the particles. After a few seconds, an animated simulation is produced that shows how tracer from that location spreads through the ocean (Fig. 1). Each frame in the animation represents an interval of 2 months, and the total animation runs for 10 years, a time ceiling currently dictated by limits on the computational resources.
The
An example: drift times across the North Atlantic
As an example of how adrift.org.au can be used, the fastest-possible drift across the North Atlantic from the US East Coast is examined. For this, the simulation at adrift.org.au/map?lat=35&lng=-75&center=251.4&startmon=Jan has been downloaded in a csv format. Some simple manipulation of the csv file allows for the creation of a map that for example shows the shortest transit times from Cape Hatteras to any point in the Atlantic Ocean (Fig. 4). On this map, which is colored on a logarithmic
Discussions and conclusion
Adrift.org.au is a free, easy to use tool that can help marine biologists and ecologists quickly assess drift pathways in the global ocean. Although the website started as a public outreach tool, the methodology behind the website is scientifically robust. The narrative of the website is whimsical (featuring lots of rubber ducks: a reference to the story of the container full of bath toys lost at sea — Ebbesmeyer and Scigliano, 2009) and focuses on the problem of marine litter. However, the
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Alegranza is the most northerly island of the Canary Islands archipelago, the first obstacle crossed by the Canary Current. From July to October 2020, six expeditions were led to the island to make a first inventory of marine debris and its possible source and origin. In total, 3667 objects weighing 321 kg were removed, excluding wooden objects. Of these, 97.7% were plastics, the most abundant being drink bottles (25.4%). While knowing the origin, source and pathway of debris is difficult, legible labels provided valuable information. In Alegranza, 66.7% of the legible bottle labels indicated Asian countries of manufacture, which is evidence that the source is maritime traffic in the region. The lobster trap license labels from the east coast of the United States and Canada were dated from 1999 to 2018, supporting both the exogenous origin and long lifetime in the ocean of these debris.




	Mathematical modeling of microplastic abundance, distribution, and transport in water environments: A review
2022, Chemosphere
Citation Excerpt :
Based on van Sebille et al. (2012), Sherman and van Sebille (2016) aimed to specify the optimal microplastic removal locations all over the world for two scenarios: (i) removing most of the surface microplastic, and (ii) reducing the impact on the ecosystems. The authors developed a statistical oceanographic model (van Sebille et al., 2012; van Sebille, 2014) to simulate the transport of plastics floating on the ocean surface from 2015 to 2025. Results revealed that the optimal removal locations are primarily located off the coast of China, and in the Indonesia Archipelago.



Show abstract
Microplastic pollution in marine and riverine environments is a threat not only for the aquatic ecosystem itself but also for human activity and life. Although there are reviews regarding microplastic debris in environments, most of them focus on the studies on their type, occurrence, and distribution. Only a limited number of these studies focus on the modeling methods, usually concentrating on particular aspects, such as settling or bioaccumulation. In this paper, physically-based existing microplastics modeling studies are classified and reviewed according to the environment, modeling methodology, and input-output relationships. Considering the strengths and weaknesses of all modeling methodologies, it is deduced that more reliable results are obtained using hybrid methods, especially the coupling of hydrodynamic and process-based models, and hydrodynamics and statistical models. The significance of having much more consideration and knowledge on the microplastics' physical properties and the environmental processes affecting their fate and transport in the aquatic environments is revealed for future research. It has also been recommended that a standardized method for data calibration, validation, and verification is necessary to be able to compare the modeling results with field investigations more efficiently than it is currently.




	Transport, weathering and pollution of plastic from container losses at sea: Observations from a spillage of inkjet cartridges in the North Atlantic Ocean
2021, Environmental Pollution
Citation Excerpt :
On this basis, therefore, and assuming that any biofouling or particle entrapment is insufficient to significantly affect buoyancy, we may model the dispersion of cartridges from the spillage site as neutrally buoyant particles. We used PlasticAdrift (plasticadrift.org), an online surface drift tool based on an extensive dataset of drogued and undrogued drifter trajectories aggregated in the NOAA Global Drifting Buoy Program (van Sebille, 2014), to simulate probability density distributions of free drifting cartridges at a spatial resolution of one degree (latitude and longitude), a temporal resolution of two months, and a depth of <15 m over a period of ten years. For the fifteen regions shown in Table 1, and because drifter data are lacking near coasts, modeled locations were selected as grids as close to the coastline of initial observation as possible or at the central entry point of a distinctive body of water (such as the English Channel and southern North Sea) and as indicated in Fig. 2.



Show abstract
Observations of beached polypropylene inkjet cartridges, spilled from a ship container lost in the North Atlantic Ocean, have been compiled through calls on international social media. Within a period of four years from the spillage, a total of about 1500 cartridges was reported in locations as far apart as Florida and northern Norway. The distribution of cartridges reflected the principal surface currents in the ocean, with some carried by the Azores and Canary currents around the North Atlantic Gyre, and others transported northwards with the North Atlantic and Norwegian currents. Along the shorelines of the UK and Ireland, there was a clear, preferential accumulation of cartridges on west- and south-facing coasts, consistent with the direction of the North Atlantic current and the heading of the principal winds. Dates of first sightings in various regions throughout the North Atlantic (and as reported on social media) suggested that cartridges traveled on average at around 6–13 cm s−1. These observations and estimates were largely consistent with simulations of the dispersion of free floating, neutrally buoyant particles from the spillage site derived from PlasticAdrift, an empirical model based on drifter tracking data. Microscopic and X-ray fluorescence analyses of selected cartridges revealed a high degree of exterior weathering, resulting in chalking and embrittlement of the polypropylene and the formation of microplastics rich in Ti, chemical fouling of interior ink foams (where still present) by Fe oxides, and, in some cases, the presence of an electronic chip containing Cu, Au and brominated compounds. Significantly, the latter characteristic renders cartridges as electrical and electronic waste and means that current, conventional regulations on plastic cargo lost at sea are not applicable here. More generally, the study highlights the potential usefulness of social media-led citizen science to marine research, and inadequacies in the relevance and robustness of instruments and conventions that deal with plastic waste in the ocean.




	Lagrangian Biological Analysis
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Show abstract
Following the progression on an individual organism as it lives in the ocean naturally leads to a point of view known as a Lagrangian or particle following description. This description records the position of the organism over time and collects information of its status in terms of growth and reproduction. This type of analysis has certain advantages over field descriptions (maps) of populations and their distribution over space and time. Here the Lagrangian description of biology is defined and applied in examples of population dynamics, biogeographic connectivity, and genetics. This involves introduction of the mathematical formulation of Lagrangian analysis and applications to problems such as understanding the results of animal tagging.
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Show abstract
Following the progression on an individual organism as it lives in the ocean naturally leads to a point of view known as a Lagrangian or particle following description. This description records the position of the organism over time and collects information of its status in terms of growth and reproduction. This type of analysis has certain advantages over field descriptions (maps) of populations and their distribution over space and time. Here the Lagrangian description of biology is defined and applied in examples of population dynamics, biogeographic connectivity, and genetics. This involves introduction of the mathematical formulation of Lagrangian analysis and applications to problems such as understanding the results of animal tagging.




	Floating macro-litter along the Mediterranean French coast: Composition, density, distribution and overlap with cetacean range
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Citation Excerpt :
Our study area is located along the Liguro-Provençal current, which plays an important role in transporting and distributing material (natural and anthropogenic) over the northern Mediterranean Sea, similarly to what occur in other large-scale circulation systems (e.g. Kuroshiro Current, Shiomoto and Kameda, 2005; Yamashita and Tanimura, 2007; North Atlantic, Law, 2010). Several simulations models of surface transport estimated fast spreading time for particles in the Ligurian Sea (around 800 km in 3 months, Mansui et al., 2015) due to this intense current, representing then an important transit system (Aliani and Molcard, 2003; van Sebille, 2014). In addition, the variable climatic regime of the northern Mediterranean Sea hampers the formation of long-term accumulation zones, resulting in the general low concentrations of debris indicated for this region (Cózar et al., 2015; Mansui et al., 2015).



Show abstract
This study investigated the composition, density and distribution of floating macro-litter along the Liguro-Provençal basin with respect to cetaceans presence. Survey transects were performed in summer between 2006 and 2015 from sailing vessels with simultaneous cetaceans observations. During 5171 km travelled, 1993 floating items were recorded, widespread in the whole study area. Plastics was the predominant category, with bags/packaging always representing > 45% of total items. Overall mean density (14.98 items/km2) was stable with significant increase reported only in 2010–2011; monthly analysis showed lower litter densities in July–September, suggesting possible seasonal patterns. Kernel density estimation for plastics revealed ubiquitous distribution rather than high accumulation areas, mainly due to the circulation dynamics of this area. The presence range of cetaceans (259 sightings, 6 species) corresponded by ~ 50% with plastic distribution, indicating high potential of interaction, especially in the eastern part of the area, but effective risks for marine species might be underrepresented.
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