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Outline

• Ecosystem impacts on marine oil snow (MOS)

• Marine oil snow transport

• MOSSFA models for a future oil spill response
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Surface MOS



May 2010. Photos by Andrew Warren 
and Drew Remsen (USF). 

10 mm

Methods

Objectives:
Understand the impacts of plankton and 
the environment on Marine Snow 
Abundance and Distribution (MOSSFA)

SIPPER Camera Imaging System
117,058,275 marine snow images on 13 cruises
Aggregates: 0.05 mm2 to 10s of cm long

Mucus-oil flocs



Marine Snow Data: Station Locations in Relation to Surface Oil

NRDA cruises
12 – 15 May 2010
28 May – 3 June 2010
10 – 15 September 2010  

USF, FIO, C-IMAGE cruises
February 2011, 2012, 2013
May 2011, 2012, 
August 2010, 2011, 2012, 2013, 2014

Co-located Environmental Data: CTD, Chlorophyll fluorescence, Turbidity, Transmissometer

Oil data from: http://response.restoration.noaa.gov



Daly et al. 2016. Anthropocene 13:18-33.

Ecosystem impacts on marine oil snow (MOS) formation



• 2010 sediment deposition rates were four-fold higher and PAH 
concentrations up to 2-fold higher compared to rates before 2010 
or after the oil spill during 2011 and 2012 (Brooks et al. 2015)

• Romero et al. (2017): 21 ± 10% of DWH oil not recovered sank to 
the seafloor, based on analyses of 2,613 sediment cores.

The extent of MOSSFA sedimentation
Residual Hydrocarbons (surface layer minus background concentration) 



The large DWH MOSSFA incident occurred due to a nexus of events:

(1) The DWH site was located in one of the most productive regions 
of the Gulf of Mexico governed by Mississippi River outflow, 

(2) The spill occurred during spring and summer when bacteria and 
phytoplankton concentrations were at a maximum and surface 
community activity rates were relatively high,

(3) Large Mississippi River discharge enhanced phytoplankton 
production and suspended particle concentrations, and 

(4) Oil induced enhanced microbial mucus formation, especially in the 
presence of weathered oil. 

Daly et al. 2016. Anthropocene 13:18-33.



Monthly Mississippi River discharge rates (cubic feet per second) at Tarbert 
Landing from 2010 to 2014, with the 20-year climatology mean ± SD (1995 - 2014).

• During the DWH oil spill, the diversionary channels were opened, which led to 
a sustained elevated river discharge between July and September.

2010

Figure from K. Dubickas



Model Output Showing Spatial Extent Surface Salinity Fields: August 2010

R. He model:  http://omgsrv1.meas.ncsu.edu

The Location of the River Plume is Controlled by Winds



Surface oil 
presence statistics

Phytoplankton 
fluorescence 
anomaly during  
Aug 2010 compared 
to 8-yr climatology 

[Hu et al. 2011, GRL]

Satellite Data:  Phytoplankton Bloom during Summer 2010
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DWH oil and Corexit have lethal and sublethal impacts on zooplankton
• 39% (geometric mean & range: 9 – 99%, n = 7) of the zooplankton community in the 

upper 100 m occurred between 0 - 20 m where oil concentrations were highest in near 
surface waters.

Daly et al. in review



• Oil droplet sizes (2 to 30 μm) were similar 
in size to their phytoplankton food.

Doliolids: Lee et al. 2012. J. Plankton Res. 34: 1058
Noctiluca: Almeda et al. 2014. Sci. Reports 4: 7560
Copepods: Størdal et al. 2015. Mar. Poll. Bull. 98: 69

Doliolids, copepods, and the dinoflagellate, 
Noctiluca, ingest oil droplets and egest oil in fecal 
pellets, contributing to MOS and bioaccumulation 
at higher trophic levels



Particle size spectra of marine snow
August 2010 - August 2014

- Times series DSH09

August 2010 aggregates ranged from 0.150 to 17.6 mm in diameter 
Daly et al. 2016 Anthropocene 13:18-33.



Conclusions:  The large DWH MOSSFA incident occurred due to a 
nexus of events:

(1) The DWH site was located in one of the most productive 
regions of the Gulf of Mexico governed by Mississippi River 
outflow, 

(2) The spill occurred during spring and summer when bacteria 
and phytoplankton concentrations were at a maximum and surface 
community activity rates were relatively high,

(3) Large Mississippi River discharge enhanced phytoplankton 
production and suspended particle concentrations, and 

(4) Oil induced enhanced microbial mucus formation, especially in 
the presence of weathered oil. 

Daly et al. 2016. Anthropocene 13:18-33.



What is the role of marine snow in oil transport?

A Gulf of Mexico HYCOM 
ocean circulation model, 
coupled with an Oil 
Multifraction Module, was 
used to investigate particle 
trajectories and residence 
times. 

Field measurements of 
marine snow provided 
initial conditions for 
simulations.

Paris et al. 2012. Envir. Sci. Tech. 46: 13,293
Paris et al. 2013. Environ Model. Soft. 42: 47 Daly, Vas,& Paris (2020) 



Surface velocity field in the NE Gulf of Mexico from the Gulf of Mexico HYCOM model. 
Arrows represent the direction and magnitude of currents (m/s). Note the anticyclonic eddy.
• Yellow > 1 m/s related to the Loop Current.
• Pink circle shows the location of the DwH oil platform. 

August 9, 2010 

Model Simulated Major Ocean Circulation Features



We used a range of marine snow sinking rates based on 
laboratory and field measurements:

1. Suspended aggregates (no sinking)
2. Low sinking rate (30 meters per day)
3.  High sinking rate (200 meters per day)

Measured rates:

Passow et al. (2010): 70 – 550 m d-1 for aggregates 2 – 7 mm in diameter
Dike (2015):  30 - 42 m d-1 for aggregates 0.59 – 0.61 mm in diameter



Ø Particles with high sinking rates may reach 
the sea floor between <5 days at shallow 
stations on the shelf (PCB01 and PCB02) 
and 15 days at deep locations (DSH09).

Ø At the deep-water DSH09 station, MOS 
particles with high sinking rates primarily 
settled near the station (within 30 km), while 
particles with low sinking rates were 
advected up to about 80 km away.

Ø Buoyant particles may be transported over 
>200 km from their site of origin.

Ø Longest transport (400 – 830 km) 
occurred during September 2011, possibly 
due to a large eddy associated with the 
Loop Current to the south.

MOS transport

Daly et al. (2020) doi10.1007/978-3-030-12963-7_18 



MOSSFA models for a future oil spill response
• Coagulation theory was used to develop a predictive, 

mechanistic, one dimensional model for how oil coagulates with 
particulate material and it’s subsequent vertical sinking in the 
marine environment. 

• Model validated using field observations of marine snow during 
the oil spill

• A generic framework needs to be developed that can be used in 
different locations with appropriate parameterization, as part of 
an oil spill emergency response tool.

Integrating scientific discoveries into the SIMA decision-making process

Dissanayake et al. 2018. Numerical Modeling of the Interactions of Oil, 
Marine Snow, and Riverine Sediments in the Ocean. JGR-Oceans 123.
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