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Plastic pollution ubiquitous in marine environments




Macro ic: wildlife impacts
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Microplastic

® Can be released directly  “{I! ' l" '
(nurdles; microfibers) or o f Bt |
formed by the - CENTIMETERS :

photodegradation of larger = | 6
objects ' el

® Found in sediment, sea ] 1 to <500 um
surface, and water column

Sediment

® |ngested by fishes and
benthic marine
Invertebrates

Sea surface

Water column

Hidalgo-Ruz et al. 2012 Environ Sci Technol



Subtropical gyres formed by convergence of wind-
driven ocean currents; cover 40% of the earth’s surface
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The North Pacific Subtropical Gyre (NPSG)

e

® | ow productivity, high
biodiversity

® | argest contiguous biome
on earth

SeaWiFS Chlorophyll Concentration (ma/m-)

® |n place since the Pliocene

® Originally studied as stable
climax community, but now
recognized to be influenced

by mesoscale & climatic

variability (Venrick et al. 1998,
McGowan et al. 1998)

Reviewed in Karl 1999, Ecosystems



Oceanic circulation interacts with atmospheric
circulation to trap floating material

NCEP/NCAR Reanalysis
1000mb Vector Wind (m/s) Composite Mean
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Introducing the “Great Pacific Garbage Patch”
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Plastic ocean: The Great Pacific Garbage
Patch
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A vast swath of the Pacific, twice the size of Texas, is full of a plastic stew that is entering the
food chain. Scientists say these toxins are causing obesity, infertility...and worse...
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Popular conceptions of
the “Garbage Patch”

RH Allison
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The real “Garbage Patch™
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Assessing ecological impacts of North
Pacific microplastic

|. What is the abundance and distribution of
microplastic in the northeast Pacific?

2. How are surface-dwelling marine
invertebrates impacted by microplastic?



Study Area

-140
Longitude




Methods: Plastic and plankton collected with quantitative
net tows
Neuston net Manta net

1 970s-1980s

e Towed on ocean surface
e Mouth ~| meter across, mesh
505/333 pm respectively

~_ NOAA




Methods: Quantifying microplastic & preserved plankton

» Sorted under dissecting
microscope for microplastic
& plankton

- Scanned with Zooscan
(Gorsky et al 2010)

- Individual particles optically
counted and measured

- Number
- Cross-sectional area
- Maximum diameter




Results: 91% of surface marine debris is microplastic

N= 32,090
Summer 2009 + Fall 2010
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Goldstein et al 2013, PLOS ONE, in review




Decadal-scale 100-fold increase in microplastic

1972-1987 1999-2010
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Goldstein et al 2012, Biology Letters



One cause of spatial heterogeneity: wind

Summer 2009 Plastic
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One cause of spatial heterogeneity: wind

Summer 2009 Plastic
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Detecting increases (or decreases) in microplastic

Goldstein et al 2013, PLOS ONE

* Monte Carlo
simulation of Mann-
Whitney test

* 1000 replicates per
test

* x=0.05



Floating plastic debris as “islands™ of hard substrate
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® |ncrease in plastic has
added hard substrate
habitat to open ocean

® Specialized suite of
. . . | m R
species inhabit ocean — 5 Gyres
open floating material -

“rafting community”

® Transport of potentially
Invasive species

- Collaboration with Hank s
Carson & Marcus Eriksen .
.Taniguchi




96 rafting taxa from | | phyla
26 taxa=first time documented as rafting

Phyla

Ard”bPOda Cnidané MO//USca Chordaza Anne/da B’)’OZOa Ha%e/

Feeding Types

N=242 debris items



Potentially invasive rafting species

® New potentially invasive species
(W Pacific): coral pathogen
Halofolliculina spp. and the majid
crab Herbstia spp.

® Known Pacific rim invaders L | |
found on plastic: | Lot H. Carson

- Acorn barnacles:
Megabalanus rosa &
Amphibalanus amphitrite

- Bryozoans Bugula spp. &
Victorella spp.

= Mussel Mytilus
galloprovincialis

N=242 debris items



Methods: Plastic ingestion experlments

- NPSG copepods collected with live
collection net

- 10-20 copepods incubated with
25-45 um flourescent
polyethylene beads.

- Fecal pellets and ingested
beads examined under an
epifluorescence microscope

- Gooseneck barnacles (Lepas spp.)
opportunistically collected

- Gut contents examined under
dissecting microscope




Copepods ingest minimal amounts of microplastic
(in experimental conditions)

A{\ | Fecal Pellets

Beads Ingested Produced

A CA Current
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33.5 % of gooseneck barnacles ingest microplasties

(in natural habitat)

n
Qo
S
S
c
S
S
Q
o
Z

No. plastic particles ingested

N=385
Lepas pacifica and Lepas anatifera

Goldstein & Goodwin 2013, Peer|



Summary of results

Most plastic in the NPSG is microplastic

Microplastic has substantially increased over the past
four decades

Potentially harmful species inhabit plastic rafts

Gooseneck barnacles ingest microplastic, but copepods
may not
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Plastic type

N Pacific Gyre Transition Area CA Current

NEZXY N=74 N=49

O Polyethylene @ Polypropylene @ Polystyrene



