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Strongly Affected by the Temporal Scale of Sampling
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Marine debris is a global issue with impacts on marine organisms, ecological processes, aesthetics and economies.
Consequently, there is increasing interest in quantifying the scale of the problem. Accumulation rates of debris on beaches
have been advocated as a useful proxy for at-sea debris loads. However, here we show that past studies may have vastly
underestimated the quantity of available debris because sampling was too infrequent. Our study of debris on a small beach
in eastern Australia indicates that estimated daily accumulation rates decrease rapidly with increasing intervals between
surveys, and the quantity of available debris is underestimated by 50% after only 3 days and by an order of magnitude after
1 month. As few past studies report sampling frequencies of less than a month, estimates of the scale of the marine debris
problem need to be critically re-examined and scaled-up accordingly. These results reinforce similar, recent work advocating
daily sampling as a standard approach for accurate quantification of available debris in coastal habitats. We outline an
alternative approach whereby site-specific accumulation models are generated to correct bias when daily sampling is
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Introduction

Marine debris is a key threatening process for marine
organisms, with reports of fatal interactions becoming all too
frequent [1-3]. While the discovery of vast concentrations of
debris in ocean gyres over the past 2 decades [4-6], mostly
comprising plastics, has increased awareness of the issue, the low
cost and broad utility of plastic continues to drive growth in its
production, with 265 Million tonnes produced in 2010 [7] and a
forecast of 300 Million tonnes by 2020 [8]. Plastics have been
recorded from some of the remotest beaches on the planet [9] and
it is consequently highly likely that debris-free beaches have been
consigned to history. Gaining accurate information on how much
debris is in the marine environment is a critical step in targeted
management, and assessments of accumulation rates on beaches
are often used to provide such estimates for coastal environments
[10-12].

There has been increasing recognition that accumulation
studies may underestimate available debris and that the scale of
this underestimation is dependent on the interval between
accumulation studies [13,14]. In the majority of accumulation
and trend assessment studies, sampling was conducted at a
minimum frequency of monthly [15,16-18]. However, a few
studies have employed bi-weekly intervals [19,20], a three-day
interval [21] and daily intervals [13,14,22]. Unsurprisingly, the
highest time-standardised accumulation rates result from daily
surveys, but this timeframe is impractical for ongoing monitoring
across numerous sites or for protracted periods.

Quite apart from the large range of methods applied to assessing
marine debris densities on beaches [10], the lack of standardised
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approaches to accumulation studies makes it difficult to assess
comparative debris loads at different sites (but note that substantial
progress has recently been made through the development of
recommended international protocols [23]). Further, translating
debris loads on beaches into estimates of available debris in coastal
waters is rendered almost impossible in most cases.

An understanding of overall debris dynamics is clearly needed
to provide greater certainty about debris densities in coastal
waters: one approach is to develop models based on empirical data
[13]. Such models require metrics on the amount of debris
arriving on a beach (loading rate [10]) as well as the relative
importance of different removal pathways such as lateral drift [24],
i situ burial [19,25], Aeolian transport, re-suspension and wash-
out [13], and cleaning [26-28]. However, given the range of
additional factors that can affect accumulation rates (e.g. extreme
weather events, smaller-scale morphology of beaches, proximity to
population centres, visitation rates and the socio-economic
background of visitors, and other factors operating over various
temporal scales) [13,14,20,24,29-34], it is unlikely that one model
will fit all situations [13]. Nevertheless, the development of such
models will facilitate progressive understanding of accumulation
rates and, importantly, how these are correlated with the
availability of debris in coastal habitats [14].

In this study, we take the first step in developing a model of
marine debris dynamics in subtropical eastern Australia by
assessing the effect of temporal scale on the estimated daily
loading rates for a small depositional beach. We do not attempt to
relate the patterns to the many, specific factors affecting debris
accumulation rates — rather, we simply present the model as the
product of these factors. We then explore the implications of our
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findings with respect to bias in accumulation studies with intervals
of up to 6 months.

Methods

Our study was conducted on a small (350-m long) beach,
Charlesworth Bay (30.26692 S, 153.13975 E), immediately north
of Coffs Harbour, the main population centre on this stretch of the
NSW mid-north coast (Fig. 1). Charlesworth Bay is protected from
the dominant south-easterly swell by Diggers Headland and its
assoclated reefs. As a result, this beach experiences some of the
lowest wave energy of those in the Coffs Harbour region [35], and
1s considered to be depositional. Classified as a reflective beach, it
has a steep beach face with wave heights usually =0.5 m [35,36].
Beach sediment consists of coarse sands and pebbles. Access to the
beach is through a resort complex and visitation rates are
substantially lower than for adjacent beaches with greater access
(pers. obs.).

Sampling consisted of the removal of all items of macro-debris
(=5 mm) from the entire beach face. This involved searching from
the waterline to the highest strandline, which was often within the
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vegetation line at the top of the beach. Each survey was completed
over a single low-tide cycle. Only surface debris was removed and
no attempt was made to exhume buried items unless they
protruded through the beach surface.

Prior to commencing the accumulation study, we cleared the
beach of all debris. Subsequently, over a 20-month period (July
2011 to March 2013), we conducted surveys of debris accumu-
lation at intervals ranging from 1-165 days (Table 1). Given the
considerable effort required to complete the surveys, some
sampling periods were timed to coincide with larger community
events (c.g. Clean Up Australia Day) or were carried out as a
practical component in teaching (a 3" year undergraduate unit on
marine pollution). In these latter situations, all removal was very
carefully supervised to ensure that sampling intensity was the same
as at other times. Converting debris loads to estimated daily
accumulation rates, we modelled loss of debris from the beach by
plotting estimated daily accumulation rate against the period of
accumulation, and fitting the most parsimonious regression.

No permits were required for this study and the field work did
not involve protected or endangered species.

COFFS HARBOUR

Coffs Creek O

Charlesworth Bay

Diggers Headland

Figure 1. Map of the study area showing Charlesworth Bay and the extent of the urbanised area of Coffs Harbour (shaded).

doi:10.1371/journal.pone.0083694.g001
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Table 1. Intervals used for accumulation studies and the
number of items found in in each interval category (rounded
to the nearest integer) (n= the number of replicate surveys
for that interval).

Interval (days) n Mean Min. Max.
1 7 772 540 928

4 1 1211 1211 1211

14 6 1506 825 2944
21 1 3762 3762 3762
28 2 4565 2080 7049
63 1 4571 4571 4571

84 1 1795 1795 1795
126 1 2360 2360 2360
165 1 5118 5118 5118

doi:10.1371/journal.pone.0083694.t001

Results

The initial standing stock of debris at Charlesworth Bay was
4,044 items (0.24 items m~ %) and we collected a further 42,684
items over the duration of the study. Plastic items contributed a
total of 91.4% of the total debris. Within the plastics category,
fragments of plastic (26.4% of total debris load) and monofilament
fishing line (25.0% of total debris load), mostly from recreational
fishing activities, predominated. Other plastic items included
plastic bags (9.5% of total debris), food wrappers (7.4%), food
containers (3.9%) and foamed plastic (styrofoam) (2.3%). The
balance of the debris comprised items made from cloth (2.7%),
metal (2.0%), rubber (1.6%), paper (0.8%), processed wood (0.8%),
glass (0.6%) and “other” (0.1% - e.g. bricks and building
materials). Of interest was the presence of 21 items that, based
on date stamps (e.g. on plastic food containers), or information
from the manufacturers, were 25-35 years old. These items
primarily comprised plastic bottle tops, food containers and beer
cans.

The linc-of-best-fit (¥ =0.872, P<0.001) for the plot of
estimated daily accumulation rate against interval between
samples was provided by a power curve (Fig. 2) with the following
equation:

estimated daily accumulation rate(y)=749.81 interval (x)~ %%

Thus, there was a rapid decline in estimated daily accumulation
rate with increasing interval between sampling. Surveys conducted
after an interval of only 3 days had daily accumulation rates
<50% of the mean rate calculated from daily sampling, and
apparent loads decreased by an order of magnitude by 1 month
(~30 days).

As previous studies have suggested that variation in estimated
loads is greatest at the shortest intervals [10], we calculated the
coeflicient of variation (CV) for intervals at which we had 2 or
more observations (intervals of 1, 14 and 28 days). There was a
clear trend of increasing variation with increasing interval: 1 day,
CV=21.0: 14 days, CV =49.0; 28 days, CV =94.4 (but this was
based on only 2 replicates — Table 1).
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Discussion

While this study was conducted on a single small beach, the
results support those from other studies that have assessed
accumulation over a range of temporal scales [10,13,14] - once
deposited, debris is rapidly lost from the surface of beaches. Based
on the few studies presenting comparable data, the rate-of-loss is
surprisingly consistent regardless of geographic location. Thus,
Eriksson et al. [14] found accumulation rates at Macquarie Island
in the subantarctic to be underestimated by an order of magnitude
after a period of one month. Similarly, Ryan et al. [10] reported
that daily accumulation rates on beaches in South Africa were
100-600% greater than estimates based on weekly sampling: the
modelled value in our study was ~360%. This concordance
between studies is made more remarkable given the likelihood of
very different values of parameters known to affect debris
accumulation. The implications of these studies are profound -
that most accumulation studies vastly under-estimate the abun-
dance of marine debris in coastal habitats and thus the scale of the
problem is much greater than initially thought.

Although this study had the sole objective of generating an
accumulation-sampling interval model, it is nevertheless instruc-
tive to examine the likely pathways through which debris is lost
from the system. Many of these have been documented from
previous beach debris work and it is highly likely that there is
considerable interaction between most mechanisms.

Tidal inundation is a primary mechanism not only for transport
of debris onto a beach [14] but also for removing it from the beach
[21]. Different studies have found correlations between debris
loads and the strength and direction of wind [14,17,19], which also
affects the distribution of debris at the scale of the beach, including
its burial. Extreme weather events (storms) can have a major
impact through intensification of wind and wave action and
through run-off into adjacent waterways. Intense storms may also
introduce debris from adjacent subtidal habitats and this is likely to
have been a principal source of the fishing monofilament that
comprised 25% of the total debris load in this study. Monofilament
does not float and most of the 11,660 pieces found during this
study were entangled around kelp or other types of detached sessile
benthos. This reflects the fact that monofilament is by far the most
common type of debris found on local reefs, with the majority
resulting from recreational fishing activities [37].

Burial is thought to be a major sink for debris on many beaches
[38], although this is mediated by the size of the debris items
relative to beach grain size [19]. The importance of this loss
mechanism is emphasised by Kusui and Noda [25] who found that
the average weight ratio of buried to stranded debris was 0.65 on
beaches in Russia and Japan. Mechanical degradation is likely to
be an important mechanism on beaches where abrasion processes
are high. However, unless plastic debris arriving on a beach is
already made brittle by photodegradation [22], it is unlikely to be
a major contributor to short-term loss. Finally, with increasing
public awareness about marine debris, and concerns for the health
and aesthetics of beaches and marine environments [26,39,40],
removal by visitors may be an important loss mechanism at
popular beaches [41]. Clearly, the scale of removal will vary from
place to place, and is unlikely to have contributed greatly to the
observations in this study (on a beach that has low visitation rates),
and would have been absent at Macquarie Island [14].

Whilst we have primarily focused on parallels with other studies,
there are many additional site- and region-specific factors that are
likely to result in different findings if a study such as this was
conducted elsewhere. For example, beach width, slope, small-scale
topographical features, proximity to debris sources (e.g. waterways
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Figure 2. Plot of estimated daily accumulation rate of marine debris against interval between sample periods (days) for
Charlesworth Bay. The regression is a power function with an r* of 0.872 and the following equation: estimated daily accumulation (y)

=749.81interval(x) .
doi:10.1371/journal.pone.0083694.g002

or urban areas), and usage rates, all contribute to rates of debris
retention and loss [11,13,34]. In addition, broad oceanographic
patterns [20,42,43] have been demonstrated to influence accu-
mulation rates in different geographic regions. Very sheltered
beaches in the tropics may have the added factor of biogenic
habitat (mangrove vegetation) that can trap and concentrate debris
[44-46].

The necessity of daily sampling to gain a realistic estimate of
loading rate for specific beaches poses a number of substantial
challenges. Firstly, the sheer effort required to clean even a small
beach, such as Charlesworth Bay, is considerable and thus incurs
high time-costs. It is thus impractical to do this over a long-term
period unless a large pool of volunteers is available. Indeed, the
utility of volunteers has been widely recognised and they are,
increasingly, being successfully engaged to deal with burgeoning
worldwide debris loads [23,41,47]. However, the novelty of
removing debris from a beach is likely to wear off, even for the
most committed volunteers. Eriksson et al. [14] recognised this
problem and suggested that, for example, instead of 12 samples at
monthly intervals, accumulation studies should consider 12
consecutive days to provide more realistic estimates. However,
this approach carries the inherent assumption that the 12 sampling
days will be representative of the mean pattern of accumulation for
the beach. In our study, we found that the coefficient of variation
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was lowest for daily accumulation rates with a progressive increase
for intervals of 14 and 28 days. While this trend is opposite to that
recorded by Ryan et al. [10], it was based on relatively few
observations at the longest interval. Clearly, better estimates of
temporal variation in daily accumulation rates are required before
clear protocols can be recommended.

We suggest that there may be an alternative approach to
repeated sampling over consecutive days — sampling at a range of
intervals and constructing site-specific accumulation models as
presented here. This would allow correction of future assessments
of loading rates for sampling conducted at a variety of intervals:
new data points can also be used to further refine the model. This
is appealing as it not only provides models at a local scale, but also
allows for less rigid sampling agendas in a habitat that can be
difficult to work. However, to avoid bias with this approach, it is
important that sampling is not simply opportunistic, or conducted
in response to specific events (e.g. good weather, availability of
volunteers): program planning should include appropriate a priori
randomisation of sampling periods over the duration of the survey.

Despite the efforts of a number of research teams in the past
[13,19], it is clear that we still have a long way to go to generate
realistic models for the dynamics of marine debris on beaches, let
alone in less accessible habitats. This study helps to fill one of the
gaps by providing a model for rates of accumulation and loss on an
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ocean beach. A key challenge remains not only to allocate the
“lost” debris to the various possible pathways, but also to
differentiate between, and quantify, the input sources which
include: “new” items arriving by floating; items sourced from
adjacent subtidal habitats; items delivered by wind and by runoff
from adjacent terrestrial areas; and items retained within the
system through a cyclical process of burial, exhumation and
further transportation. The potentially extended temporal scale of
the latter process is illustrated by the old items we found that had
clearly been recently exhumed from adjacent beaches through
coastal erosion.

This study provides strong evidence for rapid loss of debris from
beaches following stranding, which has obvious implications for
the interpretation of past accumulation studies. Thus, given that
few studies have used sampling intervals of <1 month, and with
the assumption that our model is more generally applicable, the
scale of the marine debris problem in coastal waters may have
been underestimated by at least an order of magnitude. This
conclusion, which is supported by other recent studies [14],

References

1. HongS, Lee J, Jang YC, Kim Y], Kim HJ, et al. (2013) Impacts of marine debris
on wild animals in the coastal area of Korea. Mar Pollut Bull 66: 117-124.

2. Moore E, Lyday S, Roletto J, Litle K, Parrish JK, et al. (2009) Entanglements of
marine mammals and seabirds in central California and the north-west coast of
the United States 2001-2005. Mar Pollut Bull 58: 1045-1051.

3. Gregory MR (2009) Environmental implications of plastic debris in marine
settings-entanglement, ingestion, smothering, hangers-on, hitch-hiking and alien
invasions. Philos Trans Roy Soc B Biol Sci 364: 2013-2025.

4. Moore CJ, Moore SL, Leecaster MK, Weisberg SB (2001) A comparison of
plastic and plankton in the North Pacific Central Gyre. Mar Pollut Bull 42:
1297-1300.

5. Martinez E, Maamaatuaiahutapu K, Taillandier V (2009) Floating marine
debris surface drift: Convergence and accumulation toward the South Pacific
subtropical gyre. Mar Pollut Bull 58: 1347-1355.

6. Pichel WG, Churnside JH, Veenstra TS, Foley DG, Friedman KS, et al. (2007)
Marine debris collects within the North Pacific Subtropical Convergence Zone.
Mar Pollut Bull 54: 1207-1211.

7. Hammer J, Kraak MHS, Parsons JR (2012) Plastics in the Marine Environment:
The Dark Side of a Modern Gift. Rev Environ Contam Toxicol 220: 1-44.

8. Thompson RC, Swan SH, Moore CJ, vom Saal FS (2009) Our plastic age.
Philos Trans Roy Soc B Biol Sci 364: 1973-1976.

9. Convey P, Barnes DKA, Morton A (2002) Debris accumulation on oceanic
island shores of the Scotia Arc, Antarctica. Polar Biol 25: 612-617.

10. Ryan PG, Moore CJ, van Franeker JA, Moloney CL (2009) Monitoring the
abundance of plastic debris in the marine environment. Philos Trans Roy
Soc B Biol Sci 364: 1999-2012.

11. Hinojosa IA, Thiel M (2009) Floating marine debris in fjords, gulfs and channels
of southern Chile. Mar Pollut Bull 58: 341-350.

12. Ribic CA, Dixon TR, Vining I (1992) Marine debris survey manual. NOAA
Technical Report NMFS 108. Springfield, VA: US Department of Commerce.

13. Bowman D, Manor-Samsonov N, Golik A (1998) Dynamics of litter pollution on
Israeli Mediterranean beaches: a budgetary, litter flux approach. J Coastal Res
14: 418-432.

14. Eriksson C, Burton H, Fitch S, Schulz M, van den Hoff J (2013) Daily
accumulation rates of marine debris on sub-Antarctic island beaches. Mar Pollut
Bull 66: 199-208.

15. Martinez-Ribes L, Basterretxea G, Palmer M, Tintore J (2007) Origin and
abundance of beach debris in the Balearic Islands. Sci Mar 71: 305-314.

16. Silva-Cavalcanti JS, De Araujo MCB, Costa MF (2009) Plastic litter on an urban
beach - a case study in Brazil. Waste Manag Res 27: 93-97.

17. Thornton L, Jackson NL (1998) Spatial and temporal variations in debris
accumulation and composition on an estuarine shoreline, Cliffwood Beach, New
Jersey, USA. Mar Pollut Bull 36: 705-711.

18. Thiel M, Hinojosa IA, Miranda L, Pantoja JF, Rivadeneira MM, et al. (2013)
Anthropogenic marine debris in the coastal environment: A multi-year
comparison between coastal waters and local shores. Mar Pollut Bull 71: 307
316.

19. Williams AT, Tudor DT (2001) Temporal trends in litter dynamics at a pebble
pocket beach. J Coastal Res 17: 137-145.

20. Morishige C, Donohue M]J, Flint E, Swenson C, Woolaway C (2007) Factors
affecting marine debris deposition at French Frigate Shoals, Northwestern
Hawaiian Islands Marine National Monument, 1990-2006. Mar Pollut Bull 54:
1162-1169.

21. Vauk GJM, Schrey E (1987) Litter pollution from ships in the German Bight.
Mar Pollut Bull 18: 316-319.

PLOS ONE | www.plosone.org

Marine Debris Accumulation on Beaches

highlights the need for concomitant scaling up of measures to
manage and mitigate the problem.

Acknowledgments

We thank the many volunteers who donated many hours of their time to
assist with field and laboratory work for this project. In particular, we thank
Matt Broadhurst, Shiori Naka, Paul Butcher, Jaqueline Thorner, staff and
students from the 2012 Pollution of the Marine Environment course at
Southern Cross University’s National Marine Science Centre, and all the
participants in the March 2013 Clean Up Australia Day event at
Charlesworth Bay. Part of the data collected for this study contributed to
a Masters thesis by the second author (Markic). Kathryn James produced
Fig. 1. Martin Thiel, and an anonymous reviewer, made helpful comments
on the manuscript.

Author Contributions

Conceived and designed the experiments: SDAS. Performed the
experiments: AM SDAS. Analyzed the data: SDAS AM. Wrote the paper:
SDAS AM.

22. Cooper DA, Corcoran PL (2010) Effects of mechanical and chemical processes
on the degradation of plastic beach debris on the island of Kauai, Hawaii. Mar
Pollut Bull 60: 650-654.

23. Cheshire AC, Adler E, Barbiere J, Cohen Y, Evans S, et al. (2009) UNEP/IOC
Guidelines on Survey and Monitoring of Marine Litter. UNEP Regional Seas
Reports and Studies, No. 186; IOC Technical Series No. 83: Nairobi: UNEP.
120 p.

24. Garrity SD, Levings SC (1993) Marine debris along the Caribbean coast of
Panama. Mar Pollut Bull 26: 317-324.

25. Kusui T, Noda M (2003) International survey on the distribution of stranded
and buried litter on beaches along the Sea of Japan. Mar Pollut Bull 47: 175—
179.

26. Ballance A, Ryan PG, Turpie JK (2000) How much is a clean beach worth? The
impact of litter on beach users in the Cape Peninsula, South Africa. S Afr J Sci
96: 210-213.

27. Moore SL, Gregorio D, Carreon M, Weisberg SB, Leecaster MK (2001)
Composition and Distribution of Beach Debris in Orange County, California.
Mar Pollut Bull 42: 241-245.

28. Bravo M, de los Angclcs Gallardo M, Luna-Jorquera G, Nuifiez P, Vasquez N,
et al. (2009) Anthropogenic debris on beaches in the SE Pacific (Chile): Results
from a national survey supported by volunteers. Mar Pollut Bull 58: 1718-1726.

29. Frost A, Cullen M (1997) Marine debris on northern New South Wales beaches
(Australia): Sources and the role of beach usage. Mar Pollut Bull 34: 348-352.

30. Willoughby NG (1986) Man-made litter on the shores of the Thousand Island
Archipelago, Java. Mar Pollut Bull 17: 224-228.

31. Ariza E, Jimenez JA, Sarda R (2008) Seasonal evolution of beach waste and litter
during the bathing season on the Catalan coast. Waste Manag 28: 2604-2613.

32. Madzena A, Lasiak T (1997) Spatial and temporal variations in beach litter on
the Transkei coast of South Africa. Mar Pollut Bull 34: 900-907.

33. Santos IR, Friedrich AC, Wallner-Kersanach M, Fillmann G (2005) Influence of
socio-economic characteristics of beach users on litter generation. Ocean Coast
Manag 48: 742-752.

34. Eastman LB, Nufiez P, Crettier B, Thiel M (2013) Identification of self-reported
user behavior, education level, and preferences to reduce littering on beaches —
A survey from the SE Pacific. Ocean Coast Manag 78: 18-24.

35. Rollason V, Goodwin 1 (2009) Coffs Harbour Coastal Processes Progress
Report. BroadmeadowNSW: BMT-WBM. 148p .

36. Short AD (2003) Australia beach systems - the morphodynamics of wave
through tide-dominated beach-dune systems. JCoastal Res 35: 7-20.

37. Smith SDA, Rule MJ, Harrison M, Dalton SJ (2008) Monitoring the sea change:
Preliminary assessment of the conservation value of nearshore reefs, and existing
impacts, in a high-growth, coastal region of subtropical eastern Australia. Mar
Pollut Bull 56: 525-534.

38. Merrell TR (1980) Accumulation of plastic litter on beaches of Amchitka Island,
Alaska. Mar Environ Res 3: 171-184.

39. Smith VK, Zhang X, Palmquist RB (1997) Marine debris, beach quality, and
non-market values. Environ Resource Econ 10: 223-247.

40. Somerville SE, Miller KL, Mair JM (2003) Assessment of the aesthetic quality of
a selection of beaches in the Firth of Forth, Scotland. Mar Pollut Bull 46: 1184—
1190.

41. Bravo M, de los Angeles Gallardo M, Luna-Jorquera G, Nunez P, Vasquez N, et
al. (2009) Anthropogenic debris on beaches in the SE Pacific (Chile): Results
from a national survey supported by volunteers. Mar Pollut Bull 58: 1718-1726.

42. Ribic CA, Sheavly SB, Klavitter J (2012) Baseline for beached marine debris on
Sand Island, Midway Atoll. Mar Pollut Bull 64: 1726-1729.

December 2013 | Volume 8 | Issue 12 | e83694



43.

44.

Santos IR, Friedrich AC, Ivar do Sul JA (2009) Marine debris contamination
along undeveloped tropical beaches from northeast Brazil. Environ Monit Assess
148: 455-462.

Smith SDA (2012) Marine debris: A proximate threat to marine sustainability in
Bootless Bay, Papua New Guinea. Mar Pollut Bull 64: 1880-1883.

Uneputty PA, Evans SM (1997) Accumulation of beach litter on islands of the
Pulau Seribu Archipelago, Indonesia. Mar Pollut Bull 34: 652-655.

PLOS ONE | www.plosone.org

46.

47.

Marine Debris Accumulation on Beaches

Debrot AO, Meesters HWG, Bron PS, de Leon R (2013) Marine debris in
mangroves and on the seabed: Largely-neglected litter problems. Mar Pollut Bull
72: 1.

Martin JM (2013) Marine debris removal: One year of effort by the Georgia Sea
Turtle-Center-Marine Debris Initiative. Mar Pollut Bull 74: 165-169.

December 2013 | Volume 8 | Issue 12 | e83694



