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SUPPLEMENTARY MATERIAL

#1. Problems associated with conventional tracing technologies (Introduction)
Drifters do not behave at a particle scale and they can become costly if used in large numbers. They must be continuously monitored, found when the study is complete, and recovery can become expensive. Dye can be traced in the near field, but becomes too dilute to measure at long distances or times from the source. It is virtually impossible to monitor in all places at all times, and it can become expensive in monitoring equipment and in ship and survey time. Dye is also inappropriate for tracing particles, since it remains dissolved in the water column, dispersing differently than particles would in the surface layer. Current meters give point estimates only, unless they are mobile, in which case Eulerian and Lagrangian issues become problematic and thus do not provide sufficient spatial resolution to deduce Lagrangian paths. There is also a compromise between the distance that the profiler can measure and the precision of its measurements. Bubbles and swimming marine life can also affect current calculations. Numerical models require computing power and time, and some parameters are unknown, assumed, or poorly (empirically) estimated. Most importantly, from a particle tracing perspective, they are rarely validated in particle tracing mode.
SUPPLEMENTARY FIGURE CAPTIONS
Figure S1. Coastline charts (a) of the Gulf of St. Lawrence (GSL) region including Prince Edward Island (PEI) and bounded by Nova Scotia (NS), New Brunswick (NB), Quebec (QC), Newfoundland (NL),  and (b) of the Northumberland Strait 200 m model mesh (black) nested within the 4 km model (gray) showing Murray Harbour on the north side of the Murray Head peninsula.

Figure S2. Coastline chart of the eastern Northumberland Strait between Prince Edward Island and Nova Scotia illustrating the progressive vector of surface-layer wind-drift over the 7-d study, where arrow size is proportional to speed (m s-1) for winds recorded at Caribou Point but initiated at Murray Harbour starting at 08:00 ADST on 21 August 2009, coincident with the time of the MAP release, and ending at 09:00 ADST on 28 August 2009, coincident with the time of retrieval of the last magnetic-collector.  
Figure S3. East-west (u, m s-1) wind component (a), and north-south (v, m s-1) wind component (b), for Caribou Point over time (h) in August 2009 where the particle tracing study period is shaded and wind velocities (c) for the study period where arrow length is proportional to wind speed (m s-1).  

Figure S4. Size-frequency distribution (equivalent spherical diameter, mm) of a haphazardly selected subsample (n = 1090) of ~7.4 x 109 magnetically attractive particles (MAPs) used in this study. The inset provides a plan-view image of particles drawn from the size distribution.

Figure S5. Leading-end apertures of magnetic-collector tubes used in this study and designed to capture near-surface and subsurface MAPs. Rare-earth magnets within their encasement tubes are located within the apertures, floatation nacelles are attached to the upper collector tube, and the mooring attachment is located on the lower collector tube.

Figure S6. Coastline chart of eastern Northumberland Strait and scale bar illustrating the exposition number, Eij, of VPs (released at Murray Harbour) for each 200 m2 grid cell across the model domain as of 09:00 h on 28 August 2009 and based on a constant Kp of 2 m2s-1. VPs cannot move beyond the right-hand boundary of the 200 m resolution model domain that parallels 62oW longitude.  
Figure S7. Coastline chart of eastern Northumberland Strait and scale bar illustrating the exposition number, Eij, of VPs (released at Murray Harbour) for each 200 m2 grid cell across the model domain as of 09:00 h on 28 August 2009 and based on a constant Kp of 5 m2s-1. VPs cannot move beyond the right-hand boundary of the 200 m resolution model domain that parallels 62oW longitude.  

Figure S8. Coastline chart of eastern Northumberland Strait and scale bar illustrating the exposition number, Eij, of VPs (released at Murray Harbour) for each 200 m2 grid cell across the model domain as of 09:00 h on 28 August 2009 and based on a minimum Kp of 50 m2s-1. VPs cannot move beyond the right-hand boundary of the 200 m resolution model domain that parallels 62oW longitude.  

Figure S9. Coastline chart of eastern Northumberland Strait and scale bar illustrating the exposition number, Eij, of VPs (released at Murray Harbour) for each 200 m2 grid cell across the model domain as of 09:00 h on 28 August 2009 and based on a minimum Kp of 80 m2s-1. VPs cannot move beyond the right-hand boundary of the 200 m resolution model domain that parallels 62oW longitude.  

Figure S10. Log-log relation of NVP as a function of NMAP where NVP modelling used a constant Kp of 2 m2s-1. The regression model [log10NVP = 0.20 + 1.66 log10NMAP; r2 = 0.44; p < 0.001] is illustrated by a solid line with the 95% confidence interval around the model (dashed lines) fitted to the estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The 1:1 relation is illustrated as a dashed-dotted line.
Figure S11. Log-log relation of NVP as a function of NMAP where NVP modelling used a constant Kp of 5 m2s-1. The regression model [log10NVP = 0.82 + 1.44 log10NMAP; r2 = 0.44; p < 0.001] is illustrated by a solid line with the 95% confidence interval around the model (dashed lines) fitted to the estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The 1:1 relation is illustrated as a dashed-dotted line.
Figure S12. Log-log relation of NVP as a function of NMAP where NVP modelling used a minimum Kp of 50 m2s-1 where the regression model [log10NVP = 2.63 + 0.81 log10NMAP; r2 = 0.54; p < 0.001] is illustrated by a solid line with the 95% confidence interval around the model (dashed lines) fitted to the estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The 1:1 relation is illustrated as a dashed-dotted line.
Figure S13. Log-log relation of NVP as a function of NMAP where NVP modelling used a minimum Kp of 80 m2s-1 where the regression model [log10NVP = 2.95 + 0.69 log10NMAP; r2 = 0.57; p < 0.001] is illustrated by a solid line with the 95% confidence interval around the model (dashed lines) fitted to the estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The 1:1 relation is illustrated as a dashed-dotted line.
Figure S14. Log-linear (a) and exponential decay (b) of NMAP as a function of distance, L (km), from the particle release point (source). The regression model [logeNMAP = 7.25 – 1.21 L; r2 = 0.33; p = 0.08] in (a) is illustrated by a solid line with the upper and lower 95% confidence limits around the model (dashed lines) fitted to the NMAP estimates nominally classified as near-field relative to the source inside Murray Harbour (red). The exponential decay [NMAP = 1.41 x 103 e-1.21 L] in (b) is illustrated by a solid line with the upper and lower 95% confidence limits (dashed lines). The exponential decay (solid line) can be interpreted as 2πL pMAP (right ordinate) with an e-folding scale of 0.82 km and associated lower and upper 95% confidence limits of 0.38 and 5.13 km, respectively.

Figure S15. As in Figure S14 except the distance from the source (km) abscissa scale is more highly resolved.

Figure S16. Log-linear (a) and exponential decay (b) NVP as a function of distance, L (km), from the particle release point (source) based on a constant Kp of 2 m2s-1. The regression model [logeNVP = 10.94 – 0.42 L; r2 = 0.63; p < 0.001] in (a) is illustrated by a solid line with the upper and lower 95% confidence limits around the model (dashed lines) fitted to the NVP estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The exponential decay [NVP = 5.61 x 104 e-0.42 L] in (b) is illustrated by a solid black line with the upper and lower 95% confidence limits (dashed lines). The exponential decay (solid black line) can be interpreted as 2πL pVP (right ordinate) with an e-folding scale of 2.36 km and associated lower and upper 95% confidence limits of 1.89 and 3.16 km, respectively.  
Figure S17. Log-linear (a) and exponential decay (b) NVP as a function of distance, L, from the particle release point (source) based on a constant Kp of 5 m2s-1. The regression model [logeNVP = 11.02 – 0.37 L; r2 = 0.64; p < 0.001] in (a) is illustrated by a solid line with the upper and lower 95% confidence limits around the model (dashed lines) fitted to the NVP estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The exponential decay [NVP = 6.14 x 104 e-0.37 L] in (b) is illustrated by a solid black line with the upper and lower 95% confidence limits (dashed lines). The exponential decay (solid black line) can be interpreted as 2πL pVP (right ordinate) with an e-folding scale of 2.70 km and associated lower and upper 95% confidence limits of 2.16 and 3.60 km, respectively.  
Figure S18. Log-linear (a) and exponential decay (b) NVP as a function of distance, L (km), from the particle release point (source) based on a constant Kp of 25 m2s-1. The regression model [logeNVP = 11.15 – 0.26 L; r2 = 0.72; p < 0.001] in (a) is illustrated by a solid line with the upper and lower 95% confidence limits around the model (dashed lines) fitted to the NVP estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The exponential decay [NVP = 9.64 x 104 e-0.26 L] in (b) is illustrated by a solid black line with the upper and lower 95% confidence limits (dashed lines). The exponential decay (solid black line) can be interpreted as 2πL pVP (right ordinate) with an e-folding scale of 3.86 km and associated lower and upper 95% confidence limits of 3.21 and 4.85 km, respectively.  
Figure S19. Log-linear (a) and exponential decay (b) NVP as a function of distance, L (km), from the particle release point (source) based on a minimum Kp of 50 m2s-1. The regression model [logeNVP = 11.18 – 0.21 L; r2 = 0.79; p < 0.001] in (a) is illustrated by a solid line with the upper and lower 95% confidence limits around the model (dashed lines) fitted to the NVP estimates nominally classified as near- to far-field distances from the source inside Murray Harbour (red), along the coast of the peninsula (green), in near-shore open waters (yellow) and offshore open waters (blue). The exponential decay [NVP = 7.17 x 104 e-0.21 L] in (b) is illustrated by a solid black line with the upper and lower 95% confidence limits (dashed lines). The exponential decay (solid black line) can be interpreted as 2πL pVP (right ordinate) with an e-folding scale of 4.79 km and associated lower and upper 95% confidence limits of 4.10 and 5.77 km, respectively.  
SUPPLEMENTARY TABLES

Table S1. Summary of the log-log regressions and associated Figures as a function of constant Kp values (2, 5, and 25 m2s-1) and minimum Kp values (50 and 80 m2s-1) used in NVP modelling, indicating slopes and their associated 95% confidence intervals, intercepts and their associated 95% confidence intervals, r2 values, and p-values. 

	Small-scale diffusivity, Kp (m2s-1)
	Slope
	95% CI
	Intercept
	95% CI
	r2
	p-value
	Figure

	2
	1.66
	± 0.62
	0.20
	± 1.10
	0.44
	< 0.001
	S7

	5
	1.44
	± 0.53
	0.82
	± 0.95
	0.44
	< 0.001
	S8

	25
	1.00
	± 0.33
	2.08
	± 0.59
	0.49
	< 0.001
	8

	50
	0.81
	± 0.25
	2.63
	± 0.44
	0.54
	< 0.001
	S9

	80
	0.69
	± 0.20
	2.95
	± 0.35
	0.57
	< 0.001
	S10


Table S2. Summary of the log-linear relations and associated Figures of NVP as a function of in-water distance, L, from particle release point at constant Kp values (2, 5, and 25 m2s-1) and minimum Kp values (50 and 80 m2s-1) used in NVP modelling, indicating slopes and their associated 95% confidence intervals, r2 values, and p-values.  
	Small-scale diffusivity, Kp (m2s-1)
	Slope
	95% CI
	r2
	p-value
	Figure

	2
	-0.42
	± 0.11
	0.63
	< 0.001
	S12a

	5
	-0.37
	± 0.09
	0.64
	< 0.001
	S13a

	25
	-0.26
	± 0.05
	0.72
	< 0.001
	S14a 

	50
	-0.21
	± 0.04
	0.79
	< 0.001
	S15a

	80
	-0.18
	± 0.03
	0.84
	< 0.001
	11a
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