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Motivating Questions 

Plastics as a contaminant: 

• Where is all the plastic?  (Mass budget) 

• What is the environmental fate of ocean plastics? 

(Transformation & sinks)  

• What are the biological impacts of ocean plastics?  
 

Plastics as a tracer: 

• How can the distribution and transport of ocean 

plastics inform our understanding of ocean 

physics? 
 



Measuring floating plastic debris at SEA Sea Education Association 
Measuring surface plastic since the 1980s 

www.sea.edu 



Plankton net particles: the tracer 
www.sea.edu 



Particle size: mass, area, length 
N. Pacific gyre > N. Atlantic gyre 

www.sea.edu 
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Particle mass: fragments only 
  N. Pacific gyre > N. Atlantic gyre > Med. 

www.sea.edu 



North Atlantic polymer type 
www.sea.edu 

 Polymer  Count    % by     Mass     % by     N.A.         U.S. 

    type        (#)      count      (g)       mass    Prod.1     MSW2 

PE 843 77.1 12.76 67.6 12.34 9.69 

PP 61 5.6 0.62 3.3 5.70 2.89 

PS   12 1.1 0.16 0.8  2.14 

PE+PP 2 0.2 0.01 0.0 

Unknown 175 16.0 5.33 28.2 
 

1 Average North American resin production in million metric tons from 1986-2007 (ACC) 
2 Average municipal solid waste generation in million metric tons from 1993-2007 (U.S. EPA) 

20:1 ~2:1 ~3:1 



SEA data: western North Atlantic 
> 6,600 plankton net tows from 1986 – 2010 

www.sea.edu 

Law et al., 2010 

cm/s 

Maximenko et al., 2009 



SEA data: eastern Pacific Ocean 
> 2,500 plankton net tows from 2001-2012 

www.sea.edu 

Law et al., 2014 



Global plankton net tows 
> 11,800 tows between 1971 – 2013  

Van Sebille et al., 2015 



Data informing models 
North Atlantic 

Van Sebille et al., 2015 



Models informing data: 
Is there a 6th Garbage Patch? 

Van Sebille et al., 2012 
Cozar et al.. 2017 



Spatial and temporal variability: 
Wind-driven vertical mixing www.sea.edu 

Kukulka et al., 2012 



Spatial and temporal variability: 
Turbulent vertical mixing www.sea.edu 

Brunner et al., 2015 



Spatial and temporal variability: 
When is a windrow not a windrow? www.sea.edu 





Review of physical processes 

van Sebille et al., 2019, submitted  



Physical ocean processes 

van Sebille et al., 2019, submitted  



van Sebille et al., 2019, submitted  

Coastal ocean processes:  

A critical knowledge gap 



Where is all the plastic? 
No detectable trend 1986 – 2008  www.sea.edu 
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Law et al., 2010 



“Removal” processes: 

1. Transport to depth via: 

– Buoyancy increase (biological colonization) 

– Incorporation into sinking biological 

aggregates 

– Ingestion (vertically migrating species) 

2. Coastal deposition 

3. Fragmentation to sizes smaller than plankton 

net mesh (335 μm) 

Collective removal rate ≥ Input rate ?? 

Lack of Observed Time Trend 

Hypothesis #1 



Lack of Observed Time Trend 

Hypothesis #2 

Trend obscured by spatiotemporal 

variability in data set caused by: 

1. Sampling conditions (e.g., tow length) 

2. Wind-driven vertical mixing 

3. Submesoscale surface convergences 
(D’Asaro et al. 2018; Laxaque et al. 2018) 

4. Shifts in large-scale subtropical gyre 

5. Variability in sampling locations over time 

 



Generalized Additive Model  
7,500 tows, 1986 – 2015  
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Wilcox et al., in revision 

Evidence of a trend of 

microplastics concentration 

increasing faster than 

cumulative global plastic 

production. 

Removal rate < Input rate!! 



Conclusions 
www.sea.edu 

1. Ocean physics influences plastics distribution 

2. Ocean plastics are useful as a tracer 

3. Neuston net data are useful… 

4. ...even if they can’t measure everything 

5. ...and especially if you 

 have amazing SEA 

 Semester students! 



PS008: 

Physical processes 

governing the distribution 

and transport of dispersed 

particles in the ocean 


