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Barrenjoey Head, Broken Bay, NSW, Australia. Barrenjoey Head is a prominent
headland located at the northern tip of Sydney (Latitude 33.5˚ S). The 104 m high headland 
forms the southern entrance to Broken Bay, a large drowned valley named by Captain James 
Cook the day after he departed Botany Bay. On 7 March 1770, as Cook sailed past the 3.5 km 
bay entrance, he sighted the numerous ‘broken’ headlands including Barrenjoey, Lion Island, 
and the First, Second and Third heads. His journal reports: “… some broken land that appear’d 
to form a bay … I named Broken Bay.” Along the northern headland, Cook described: “Some 
pretty high land which projected out in 3 bluff Points, and occasioned my calling it Cape 3 
Points.” The southern headland was named Barrenjuee by Governor Phillip, the first governor 
of the new penal settlement of New South Wales, when he sailed as part of the first Europeans to 
enter the bay in 1788. The name refers to the aboriginal name for a small wallaby.
  The Nepean-Hawkesbury river system which enters the bay began being settled soon after, 
with fishermen occupying the coastal areas and farmers (and escaped convicts) spreading up 
the Hawkesbury and its tributaries in search of fertile floodplains. While much development 
has taken place along the coastal strip, much of the shoreline and surrounding sandstone pla-
teaus remain undeveloped and part of Bouddi, Brisbane Water and Ku-ring-gai national parks. 
Barrenjoey is connected to the mainland by a 1.3 km long beach (Palm Beach) and Holocene 
barrier, the initial 300 m wide regressive barrier now capped by stabilized transgressive dunes 
along its northern third, with a golf course, park and surf lifesaving club along its southern part. 
An arm of the bay called Pittwater lies behind the barrier.
  The headland is composed of horizontally bedded Triassic sedimentary rocks. Hawkesbury 
Sandstone caps the upper third of the headland. It is a massive well-cemented quartz sand-
stone exhibiting distinctive inclined laminated cross-bedding. The lower two-thirds of headland 
consist of coarse-grained iron-stained sandstones interbedded with shale and siltstone of the 
Newport Formation. Both units display strong rectangular jointing which produces large joint 
blocks which fall from the cliff and collect along the landward margin of the rock platform. 
It is well exposed to an energetic wave climate with the predominately south swell averaging 
1.6 m, and cyclonic wave commonly reaching several meters. The headland is surrounded by a 
well-developed supratidal rock platform which is widest at its eastern end, while considerable 
boulder debris covers the platform on its northern and southern side. The entire base is however 
accessible on foot. While the wave attack expends most of its energy breaking over the edge of 
the platform and remove debris from the platform, the sheltered cliff itself is retreating more 
rapidly. This is owing to the impact of subaerial weathering coupled with salt water and spray, 
which leads to an accelerated decomposition and failure of the cliff face, with gravity and wave 
constantly removing the smaller debris.
A temporary beacon was established on the headland in 1855, with a light tower constructed 
in 1865 and the present day sandstone lighthouse and keeper cottages in 1881. The headland, 
which is accessible on foot, is now part of Ku-ring-gai Chase National Park and offers guided 
tour of the lighthouse. (Photograph taken 5 March 2024 by John Hudson, Bawley Point, NSW, 
Australia.)

COVER PHOTO 

https://meridian.allenpress.com/jcr
https://meridian.allenpress.com/jcr
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Segmentation and Classification of Pleiades Satellite Imagery for Complex Shoreline 
Proxy Delineation in the Western Canadian Arctic

Andrew Clark†, Brian Moorman†, Dustin Whalen‡, and Gonçalo Vieira§†‡

ABSTRACT
  Permafrost coasts are vulnerable to the effects of climate change, including 
above average warming in the Arctic, sealevel rise, and changes to sea-ice 
extent and duration. As a result, coastal erosion represents a prominent hazard 
that impacts communities and habitats locally, but it also potentially releases 
significant amounts of organic carbon that are consequential to understanding 
global greenhouse gas emissions, which requires appropriate quantification 
and monitoring. The extent and complexity of Arctic coasts represent a 
challenge for effective broad-scale monitoring using traditional methods of 
manual coastline delineation. In this study, an alternative to manual coastline 
delineation is presented using object-based image analysis to classify very high 
resolution Ple´iades satellite imagery (0.5 m/pixel) scenes and subsequently 
extract two common coastline proxies, the tundra line and waterline.This 
study focused on three large, varied, coastal stretches in the Western Canadian 
Arctic: the Yukon North Slope, Tuktoyaktuk Peninsula, and Darnley Bay 
coasts. Twenty-five (25) images were classified with high accuracy (92% 
average), while the majority of extracted coastline proxies were within 3.0 m of 
the reference features and in many scenarios had accuracies better than 1.5 m, 
which is comparable to expected digitizing error, or loss of accuracy, associated 
with the variance of repeated shoreline digitization of the same coastal extent. 
This work presents an important step towards broadscale Arctic coastal change 
monitoring and quantification through semi-automated classification and 
feature extraction techniques, which will also enhance contextual information 

Continued on Next Page

useful in conducting richer Arctic coastal erosion studies. 
ADDITIONAL INDEX WORDS: Arctic coastal erosion, object-based image 
analysis, coastal monitoring, remote sensing.

INTRODUCTION
Of the more than 45,000 km of Arctic coasts, many segments are particularly 
vulnerable to the effects of climate warming and have seen an increase in 
retreat rates in recent decades (Gunther et al., 2015; Irrgang et al., 2018; Jones 
et al., 2009, 2018). Arctic coastal erosion results from the combined effects 
of thermal and mechanical drivers where amplified surface air temperatures 
and solar radiation (Cohen et al., 2014; Serreze et al., 2009) lead to slumping 
through permafrost thaw and ground-ice melt (Nielsen et al., 2020), while 
changes in the Arctic sea-ice regime mean coasts are exposed to longer periods 
of open water and greater fetch, contributing to increased storm frequency 
and intensity (Barnhart et al., 2014; Casas- Prat and Wang, 2020; Nielsen 
et al., 2020). Accelerating coastal erosion  threatens  infrastructure,  coastal  
communities,and archaeological and coastal sites, and it creates risks for 
subsistence- based lifestyles (Couture et al., 2018; Fritz, Vonk, and Lantuit, 
2017; Obu et al., 2017). Further, the erosion of permafrost coasts releases 
high volumes of organic carbon (OC) (Tanski et al., 2019), which increases 
atmospheric and oceanic greenhouse gas concentrations, contributing to 
further warming (Schaefer et al., 2014; Schuur et al., 2015; Tanski et al., 2019; 
Vonk et al., 2012). Abrupt permafrost thaw due to coastal erosion is a relevant 

†Dpartment of Geography
University of Calgary
Calgary, AB T2N 1N4, Canada

‡Natural Resources Canada
Geological Survey of Canada–Atlantic
Dartmouth, NS B3B 1Y9, Canada

§ Centre of Geographical Studies and
Associated Laboratory Terra
Institute of Geography and Spatial Planning
University of Lisbon
Lisboa 1600-276, Portugal

Continued on Next Page
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component of the Arctic carbon cycle, which is not included in the current 
generation of Earth system models (Nielsen et al., 2022), potentially resulting 
in underestimated projections of OC losses (Martin et al., 2021; Turetsky et al., 
2020). Therefore, this work advances broad-scale Arctic coastline delineation 
through a semi-automated object-based approach to aid in the monitoring of 
erosion using very high resolution (VHR; 50 cm/pixel) satellite imagery. 
  Arctic coasts represent 30%–34% of Earth’s coastline (Lantuit et al., 2012; 
Walker, 2005) and are characterized by high geomorphic variability (Irrgang 
et al., 2022). Approximately 65% of Arctic coasts are unlithified and erosive, 
characterized by ice-rich permafrost bluffs, lagoon–barrier island systems, 
beach ridge complexes, spits, and deltas, and they are found primarily in 
Alaska, Canada, and Siberia (Farquharson et al., 2018; Gunther et al., 2013; 
Irrgang et al., 2018; Jones et al., 2018; Lantuit et al., 2011; Lim et al., 2020; 
Novikova et al., 2018). Most current coastal change observations are derived 
from historical and research biases towards discrete sections of unlithified coasts 
near settlements or military infrastructure (Cunliffe et al., 2019; Gunther et 
al., 2013; Jones et al., 2018; Lantuit and Pollard, 2008; Obu et al., 2017; 
Radosavljevic et al., 2016). Fortunately, developments in remote-sensing 
technologies have led to increasing high-spatiotemporal-resolution data sets 
allowing for investigation of remote areas and more comprehensive analysis of 
coastal dynamics (Cunliffe et al., 2019; Jones et al., 2018). In this study, three 
coastal stretches in the Western Canadian Arctic, each exceeding 100 km in 
length and representing three distinct coastal environments, were investigated 
using the latest high-resolution satellite imagery (50 cm/ pixel). The study 
sites included the rocky coasts of Darnley Bay in the Northwest Territories, 
the low-plain, ice-rich coasts of the Tuktoyaktuk Peninsula in the Northwest 
Territories, and the unconsolidated cliff- and bluff-dominated coasts of the 
Yukon. Because these study sites provide a representative coverage of Arctic 
coastal geomorphic variability, the semi-automated approach presented here 
can be extended to the entire Arctic, which is otherwise prohibitive using the 
traditional manual approaches. 
  Measurements of coastal changes are typically derived from the distances 
between multiple temporal shoreline positions and reported as an annual 
average in meters per year. Shoreline positions are often generated through 
manual interpretation and delineation of a shoreline proxy, which is dictated 

by the application, data availability, and data quality (Boak and Turner, 
2005). More recently, efforts have been made to develop automated coastline 
delineation approaches (Bengoufa et al., 2021; Goldstein, Coco, and Plant, 
2019; Hoonhout et al., 2015; Pardo-Pascual et al., 2012; Philipp et al., 2022); 
however, many of these studies focused on lower latitude coasts utilizing 
lower resolution (10–30+ m/pixel) satellite imagery, which limits delineation
accuracy and subsequent quantification accuracy. Other studies (Aryal et al., 
2021; Kaiser et al., 2021) have used VHR imagery (<1 m/ pixel), like that used 
in this study, to detect automated shoreline change of Arctic lakes. Differences 
in shoreline proxy, observation period, data resolution, and coastal extent 
have been shown to be highly spatially and temporally variable (Gunther et 
al., 2013; Irrgang et al., 2018; Jones et al., 2018; Obu et al., 2016; Solomon, 
2005) and make cross-study comparisons challenging (Irrgang et al., 2022). 
To assist future studies of Arctic coastal erosion monitoring, particularly 
to enhance current understanding of coastal dynamics over large scales, 
environmental drivers, shoreline change rates, and the role of Arctic coasts in 
the global climate system, this paper introduces and validates an object-based 
approach for coastal classification and proxy extraction for improved accuracy, 
frequency, and extent along varied Arctic coastal types. Specifically, VHR 
satellite imagery (0.5 m/pixel) and objectbased image classification approaches 
are leveraged to create broad-scale coastal classifications of varying coastal 
types and identify multiple, site-specific, coastal proxies. The goals were to 
understand how different Arctic coastal environments affect classification 
accuracy and resulting feature extraction using validation points to assess 
classification accuracy and shore-perpendicular measurements, or transects, to 
assess the accuracy of the extracted features (waterline and tundra line) relative 
to manually identified reference features. If the coastal proxies generated 
through these methods are within the generally accepted delineation tolerances 
seen in the literature (Cunliffe et al., 2019; Del Río and Gracia, 2013; Irrgang 
et al., 2018; Radosavljevic et al., 2016) for manually delineated coastal proxies, 
then this approach can be considered to be an accurate alternative to manual 
coastline digitization of Arctic coasts.

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 1. Coastal study areas of interest found in the Western Canadian 
Arctic. Study area 1 covers the Yukon coast and includes Herschel 
Island. Study area 2 covers the Tuktoyaktuk Peninsula in the Northwest 
Territories and includes the hamlet of Tuktoyaktuk near the western 
extent of the study area. Study area 3 covers the western coast of Darnley 
Bay and includes the hamlet of Paulatuk at the southernmost extent of 
the study area. Yellow circles (sections 1a–1d, 2a–2d, and 3a–3d) denote 
the location and extent of the validation sites along each coastal site, 
where the numerical value identifies the coastal area of interest (i.e. 1 = 
Yukon coast), while the accompanying alphanumerical value denotes the 
specific site identifier, which are referenced throughout the text. Image 
labels indicate the extent of individual image analysis. Labelled images 
are mosaicked images from pansharpened image tiles.

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 2. Data processing, analysis, and accuracy assessment and classification scheme. Data processing involved projecting the source 
imagery to a geographic coordinate system and subsequently pansharpening to 0.5 m/pixel. Images were mosaicked to preserve spectral 
uniformity and create functional subregions of analysis. Two segmentation levels were used during object-based image analysis, where 
a larger segmentation scale (first level) was used to filter out vegetation and water, while the second level focused on the coastal 
boundary area by creating a smaller segmentation scale, allowing for further discrimination between classes. The classification scheme 
(right) shows the relation between processing levels and class similarities used to generalize the classifications. 

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 3. Classified objects to generalized objects along a 
section of the Yukon coast. The top panel is the true-color 
image for the classified area. To the left, there is a retrogressive 
thaw slump that is classified between the Cliff class and Tundra 
Other class, which becomes part of the Tundra class. The 
Waves class is captured by the Water class in the generalized 
classification. Dry Sand and Wet Sand are combined to make 
a Beach class in the generalized classification. 

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 4. Sample areas of the validation regions along the Yukon coast. Panel labels correspond to validation 
regions denoted by yellow circle labels in Figure 1. Blue lines are the extracted features (waterline and tundra 
line), while the red lines are the manually delineated features. Coastal settings are described in Table 4. 

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 5. Sample areas of the validation regions along the Tuktoyaktuk Peninsula coast. Panel labels correspond to validation 
regions denoted by yellow circle labels in Figure 1. Blue lines are the extracted features (waterline and tundra line), while the 
red lines are the manually delineated features. Coastal settings are described in Table 5. 

Shoreline Delineation Using Pleíades Satellite Imagery 
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Figure 6. Sample areas of the validation regions along the Darnley 
Bay coast. Panel labels correspond to validation regions denoted 
by yellow circle labels in Figure 1. Blue lines are the extracted 
features (waterline and tundra line), while the red lines are the 
manually delineated features. Coastal settings are described in 
Table 6. 

Shoreline Delineation Using Pleíades Satellite Imagery 
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Newly Announced:
SEA BEYOND OCEAN LITERACY CENTRE 

OPENS IN VENICE

The Prada Group and UNESCO-IOC announce the opening of the first 
Italian centre dedicated entirely to ocean literacy, co-designed by CRA-
Carlo Ratti Associati, located on the island of San Servolo in the Venetian 
Lagoon. 
   The ocean, human beings, and how each influences the other. The first and 
only Italian Centre dedicated to ocean literacy, which opens today, aims 
to encourage a wide and diverse audience to engage with this vital topic. 
The initiative is promoted by Prada Group and the Intergovernmental 
Oceanographic Commission of UNESCO (UNESCO-IOC), and forms 
part of the SEA BEYOND project, which has been working since 2019 to 
increase awareness among the younger generations of issues surrounding 
sustainability and ocean preservation. The SEA BEYOND Ocean Literacy 
Centre, co-designed by CRA-Carlo Ratti Associati and UNESCO-IOC, is 
located on the island of San Servolo, a cultural hub in the Venetian Lagoon 
that is already home to various major institutions. The choice of site is both 

tangibly and symbolically significant, as the area is a unique example of a 
‘transition ecosystem’ shaped by continuous interactions between land, sea 
and humankind. 
   It was for this reason that Venice was selected for the first Ocean Literacy 
World Conference in June 2024, a two-day event that ended with 131 delegates 
representing UNESCO member states signing the Venice Declaration for 
Ocean Literacy in Action, a ten-point manifesto designed to restore society’s 
relationship with the ocean. 
   The Centre’s activities – designed to foster dialogue and employing an 
accessible, inclusive and multi-sensory approach – have been developed for 
students of all ages, local communities, researchers, residents, and tourists 
from both Italy and overseas. These diverse audiences will be addressed 
in a similarly broad language that compares ideas and perspectives from 
different disciplines. The aim is to encourage visitors to think critically about 
their relationship with the ocean, and the lagoon, and to adopt positive.

https://www.pradagroup.com/en.html

https://www.pradagroup.com/en.html
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NEWLY PUBLISHED:  PROCEEDINGS ANNOUNCEMENT

This proceedings collection contains approximately 
270 papers on a wide range of research topics related to 
coastal sediment processes, including nearshore sediment 
transport and modeling, beach processes, shore protection 
and coastal managements, and coastal resilience building.

This unique book provides a comprehensive 
documentation of cutting-edge research on coastal 
sediment process and morphodynamics from eminent 
researchers worldwide. Readers can learn from the 
most current coastal research studies and expand their 
knowledge on a numerous selection of topics related to 
coastal sediment processes and shore protection.

Edited by: 

Ping Wang (University of South Florida, USA), Elizabeth 
Royer (University of South Florida, USA), and Julie D. 
Rosati (US Army Corps of Engineers, USA)

https://www.worldscientific.com/doi/epdf/10.1142/13358
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Beaches, barrier islands and tidal inlets are valuable coastal resources and provide 
desirable environments that are often densely populated. They are dynamic landforms that 
change constantly, driven by both normal processes and energetic storms. They behave as 
one interconnected system and must be understood and managed as such. This book 
discusses their various morphologic features, as well as the processes that shape them and 
future challenges due to environmental change. A major focus is placed on the interaction 
between sandy beaches and tidal inlets, and the sediment exchange among various 
morphologic features. Balancing these valuable sediment resources while maintaining the 
natural sediment exchange constitutes a major goal of modern shore protection and coastal 
management. Illustrated with numerous aerial photographs to demonstrate how beaches 
and tidal inlets interact, this book provides a valuable reference for graduate students, 
researchers and professionals working in coastal management and geomorphology.

•	 Presents an in-depth overview of beaches, barrier islands and tidal inlets, which
is essential to shore protection and coastal management.

•	 Includes a discussion of multiple-scale beach and inlet processes and their in-
teractions, making it a complete go-to reference on beach-inlet interaction and
sediment management.

•	 Explains how beaches, barrier islands and tidal inlets are an interconnected sys-
tem and how by treating them as such, management strategies can address both
the protection of sandy beaches and inlet navigation safety.

•	 Discusses coastal sediment management which represents a major future direc-
tion in shore protection

Author Profiles

Ping Wang, University of South Florida
Dr Ping Wang is a Professor of Geology at the University of South Florida. He has been teaching and 
conducting research on barrier-inlet systems for over twenty years. He has over 100 publications in 
peer-reviewed journals, edited books and conference proceedings. The practical aspect of his research 
focuses on shore protection and coastal management.

Tanya M. Beck, US Army Engineer Research and Development Center
Dr Tanya M. Beck is the Program Manager for the Coastal Inlets Research Program, in the Coastal and 
Hydraulics Laboratory (CHL) at the US Army Engineer Research and Development Center (ERDC). 
She obtained her PhD in Geology from the University of South Florida and has published numerous 
technical reports and peer-reviewed articles. Her research focuses on the coastal environment related to 
geomorphic long-term evolution, erosion and sedimentation, and regional management of coastlines.

NEW BOOK ANNOUNCEMENT

https://www.cambridge.org/gb/academic/subjects/earth-
and-environmental-science/sedimentology-and-stratigraphy/

beach-inlet-interaction-and-sediment-management?format=HB
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Longshore Sediment Transport and Sediment Budgets, 
Southeast Florida Coast, U.S.A.

Leo C. van Rijn†, Nathanaël Geleynse‡, Luitze Perk‡, and Drew Condon§

†LVRS Consultancy
Blokzijl, The Netherlands

‡WaterProof Marine Consultancy and 
  Services
Lelystad, The Netherlands

§Army Corps of Engineers
Jacksonville, FL 32207, U.S.A.

ABSTRACT  

      Longshore sand transport (LST) along the SE coast of Florida was studied 
based on measured and modeled data of waves and currents (tide and wave 
driven), including the effect of the Florida Current. Much of the white sands 
on Florida beaches comprises a mixture of quartz crystals, coral fossil fragments, 
and mollusk shell fragments. The median grain size varies from about 0.3 mm 
at Palm Beaches to about 0.4 mm at Miami-Dade Beaches. Coastal reef sys-
tems are especially typical phenomena in the SE Florida region. Beach erosion 
is a major problem along the SE Florida coast because of (1) presence of rather 
steep seabed slopes in the surf zone and nearshore zone, (2) absence of natural 
and protective dunes with sufficient sand, and (3) presence of many inlets with 
jetties and insufficient bypassing of sediment. Beach erosion is strongly related 
to the variation of LST. Three approaches have been used to determine the in-
put data and boundary conditions for computation of LST using an empirical 
LST equation: (1) measured nearshore wave data, (2) modeled nearshore wave 
data by the SWAN model, and (3) modeled nearshore waves and currents by 
the Delft-SWAN model system. A reliable indication of the net LST values was 
also obtained from the annual inlet bypass volumes of sand at various inlets. 
The modeled results show that the LST along the coastal section between Lake 
Worth Inlet and Miami from north to south with net LST values decreasing 
from 150,000 m3/y (±30%) at Lake Worth Inlet to about 50,000 m3/y (±30%) 

at Miami. The decreasing trend is caused by a milder wave climate and slightly 
coarser sediments in the southern direction. The LST results, in combination 
with available data of beach nourishments, were used to determine the overall 
sand budget of the SE Florida coast.

ADDITIONAL INDEX WORDS: Longshore sand transport modeling, sand 
budget SE Florida coast, hydrodynamic field data SE Florida coast, SEFMOD 
study SE Florida.

INTRODUCTION 

   The coastal system of SE Florida extends over approximately 180 km (100 
mi) south of Lake Worth (LW) Inlet and comprises an interconnected chain
of straight beach sections and barrier islands, dissected by smallscale tidal in-
lets, through which sediment is exchanged with the littoral zone of the open
coast and back-barrier basin (Figure 1). Some of the tidal inlets at the Florida
coast serve as navigation (shipping) channels for commercial and recreational
vessels. Safe navigation often requires the presence of hard jetties for inlet sta-
bility and maintenance dredging activities of channel deposits for optimum
navigability.

  The beaches of the SE Atlantic Coast Region of Florida comprise sand and 
coral sediments in the range of 0.2 to 0.8 mm and are widely used by residents 
and tourists because of proximity to urban areas and easy access by vehicular 

Continued on Next PageContinued on Next Page
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Sediment Transport Along SE Florida

traffic (Benedet, Finkl, and Klein, 2004). High ecological values are present in 
the form of ancient reef tracts covered with corals and biological communities 
that extend from the Florida Keys to St. Lucie County and includes the study 
area.

  Unfortunately, many of the beaches in the SE Florida region are in poor con-
dition, typified by narrow dunes and beaches (<30 m), steep beach profiles, ab-
sences of pronounced breaker bars, and shortage of sand due to severe erosion. 
Some beaches are armored with seawalls, bulkheads, revetments, straight and 
T-head groins of rocks, timber, piles, and reef-type breakwaters. Beaches in the
north near LW Inlet and Port Everglades (PE) Inlet are extremely narrow and
steep, whereas beaches north of Miami Harbor (MH) Inlet (Government Cut)
are flatter and wider. Many eroded beaches are intensively nourished with sand
from borrow sites on land or at sea, requiring regular maintenance (replenish-
ment) of sand (FDEP, 2018b).

 Earlier research work on the SE Florida coast was completed by Benedet, Fin-
kl, and Klien (2004). They classified the beach state of the coastal segments 
using a beach state indicator defined as Ω= Hs/(wsT), with Hs being the yearly 
average value of the significant wave height at the breaker line, T is the wave 
period, and ws is the fall velocity of beach sediment.

 The beaches between Palm Beach and southern Miami-Dade were classified 
as intermediate beaches ( Ω  5) near Palm Beach to dissipative beaches ( 
1) near Miami. Intermediate beaches typically comprise medium to coarse
sand with one breaker bar (plunging to spilling breakers), whereas dissipa-
tive beaches comprise fine-grained sediments with multiple low-relief breaker 
bars. More reflective beaches (Ω > 5) with steeper slopes can be found north 
of Palm Beach. Finkl and Hobbs (2009) state that repetitive beach nourish-
ments are necessary along the erosive beaches of the SE Florida coast because 
the nourishments reduce the strong vulnerability of the coast against storm 
effects. Finkl and Hobbs (2009) also discussed the need and consequences of 
mining of sand on the Continental Shelf as more nearshore sources of sand 
are exhausted. In line with this, Ousley, Kromhout, and Schrader (2012) and 
USACE (2014b) performed the Sediment Assessment and Needs Determina-
tion study. They quantified the beach nourishment needs (about 175 million 
cubic yd; 135 million cubic m) and available domestic sand resources (about 

Figure 1. Plan view of inlets Lake Worth (LW) Inlet, Port Everglades (PE) 
Inlet, and Miami Harbor (MH) Inlet, Florida.

1

Figure 1

 
 

Ocean waves

Boyton         inlet  
Boca Raton inlet                                                               
Hillsboro     inlet  

Baker’s Haulover inlet

are necessary along the erosive beaches of the SE Florida coast because the 
nourishments reduce the strong vulnerability of the coast against storm 
effects. Finkl and Hobbs (2009) also discussed the need and consequences 
of mining of sand on the Continental Shelf as more nearshore sources of 
sand are exhausted. In line with this, Ousley, Kromhout, and Schrader 
(2012) and USACE (2014b) performed the Sediment Assessment and 
Needs Determination study. They quantified the beach nourishment needs 
(about 175 million cubic yd; 135 million cubic m) and available domestic 
sand resources (about 285 million cubic yd of sediment; 220 million cubic 
m) within the limits of dredging technology to support the placement of
beach nourishments along the SE Florida coast for the next 50 years.
  Throughout the past three decades, the U.S. Army Corps of Engineers 
(USACE) and other federal, state, and local agencies have provided several 
investments (around tens of millions each year) to improve engineering 
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practices at barrier-inlet systems. These investments were made in the pursuit of 
more sustainable regional sediment management of coastal sediment resources. 
Regional sediment management studies include regional-scale, offshore-
sediment resource identification, as well as studies related to maintenance 
dredging and beach nourishment along adjacent shorelines. These types of 
plans are extensively discussed by Beck and Wang (2019) for inlet systems 
present along the SE Florida Coast.
  In 2019, the USACE, Jacksonville District, Florida, embarked on a multiyear, 
multimillion dollar, and multiproject study called the Southeast Florida 
Sediment Morphodynamics (SEFMOD) study. The study team included 
USACE, Environmental Tracing (United Kingdom; Environmental Tracing, 
2022a, b, c), Water-Proof Marine Consultancy (The Netherlands; WaterProof, 
2022a–j), and Leo van Rijn-Consultancy (The Netherlands; van Rijn, 2022). 
All technical reports are publicly available from USACE, Jacksonville, Florida. 
  The study focused on improving sediment management at Palm Beach Harbor, 
PE Harbor, Miami-Dade County, and adjacent SE Florida beaches. The study 
implemented a large-scale field data collection campaign that included baseline 
acoustic Doppler current profiler (ADCP) velocity data acquisition to map the 
overall circulation as well as sediment (sand and silt) tracers released in a variety 
of ways and locations to identify sediment pathways. The study included 
detailed modeling of hydrodynamics and sediment dynamics for the entire 
study area between LW Inlet and Miami harbor Inlet.
Study Sites and Field Data
   Brief descriptions of the three primary focus areas and surroundings (LW Inlet, 
PE Inlet, and Miami-Dade coastal area) in the SE Florida area are provided. 
Figure 1 provides a plan view of SE Florida with the study areas highlighted.
  The LW Inlet and LW Lagoon are located in Palm Beach County along the 
SE coast of Florida. The LW Lagoon is a shallow water body typically ranging 
in depth from 0.3 to 3 m (1 to 10 ft). A barrier island separates the lagoon 
from the Atlantic Ocean. The Atlantic Intracoastal Waterway runs along the 
entire length of this estuary. Currently, the LW Lagoon receives drainage from 
approximately 1170 km2 (450 mi2). Excessive freshwater inflows over a short 
period of time cause a sudden drop in salinity. A major threat to LW Lagoon 
is excess suspended sediment loading. Suspended sediments increase turbidity 

and find their way into estuaries via fresh-water tributaries, canals, and upland 
run-off. As sediments fall out of suspension, they accumulate on the bottom, 
sometimes forming a silty layer over previously natural sediment. Three inlets 
are situated between LW Inlet and PE Inlet (from north to south): Boynton 
Inlet, Boca Raton Inlet, and Hillsboro Inlet (Figure 1).
  Port Everglades is located in the Ft. Lauderdale area on the SE coastline of 
Florida between Hillsboro Inlet at 18 km in the north and Baker’s Haulover 
(BH) Inlet at 22 km in the south. The PE Shipping Channel serves as the 
entrance to PE Harbor; the channel is about 240 m wide and has a maxi-
mum depth of 13.7 m mean lower low water. Inside the PE basin, waters from 
inland canals and surface runoff merge with oceanic waters. In the early 1970s, 
the Federal Harbor Deepening Project was initiated, focusing on widening 
and deepening of the entrance channel to 140 m (450 ft) and 13.7 m (45 ft), 
respectively. In 2005/2006, two boulder mound T-groins and one jetty spur 
groin were constructed immediately south of the south jetty for 210 m (700 
ft). The federal navigation channel was maintenance dredged, and the dredged 
material was placed on the south State Park Beach (USACE, 2015).
In 2013, another navigation channel maintenance project placed additional 
beach-quality sand on the State Park Beach. In 2017, the PE Sand Bypassing 
Project was authorized (FDEP, 2018a). The project comprises a sediment 
impoundment basin (sand trap). The landward end of the rubble spoil shoal 
(approximately 340 m [1130 ft] in length from the 1962 port improvement 
project, will be excavated to remove non-beach compatible material and to 
re-expose a portion of a buried hard bottom. To date, this project has not been 
constructed.
  The Miami-Dade study area includes the urbanized Miami-Dade County 
coast, including Golden Beach, Sunny Isles (SI) Beach, Haulover Park, BH 
Inlet, Bal Harbour, Surfside (SS) Beach, Miami Beach, Miami Harbor Inlet 
(Government Cut), Virginia Key, and Key Biscayne. Miami Harbor Inlet 
(Government Cut) is the main shipping channel located between Miami Beach 
and Fisher Island, which allows better access to the Port of Miami in Miami, 
Florida. The back-basin area of Miami Inlet is about 30 km2. Another smaller 
inlet is BH Inlet between Haulover Park and Bal Harbour (between PE and 
Miami; Figure 1).
Biscayne Bay is SW of the City of Miami Beach and is divided from the 
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Atlantic Ocean by many low-lying barrier isles (keys) along the coast. Biscayne 
Bay is a long, narrow water body with an average depth of 2 to 3 m (6 to 10 
ft). The low elevations and connections to the Biscayne Bay place a significant 
percentage of the Miami-Dade area at risk of coastal and tidal flooding from 
high tides, hurricanes, and tropical storms.
  Figure 2 depicts typical offshore profiles at each of the three study sites. At 
both PE Inlet and LW Inlet, the offshore profile is steep with slope values in the 
range of 1 to 10 and 1 to 20 and rapidly drops off with distance from shore. In 
the southern portion of Miami Beach, just north of Government Cut, a wide, 
shallow region extends 3 to 4 km offshore before a rapid drop off to depth. 
Coral Reefs
  Coastal reef systems are especially typical phenomena in the SE Florida 
region. The shoreface, beaches, dunes, and inland marsh areas are accumulated 
on top of landward extensions of bedrock highs. The rocky nature of the shore 
is visible at many places with exposed rock outcrops, and bedrock faces are 
present in the nearshore. Basically, the SE Florida coasts are sand-starved and 
must be periodically renourished so that the underlying bedrock is not exposed.
Three coral reef lines separated by sand–gravel–shell deposits (flats) run 
approximately parallel to the shore in water depths ranging between 5 m and 
30 m. A series of ridges and colonized pavements exists in the nearshore land-
ward of the inner reef (Figure 2).
Walker et al. (2012) and Walker and Klug (2014) have completed habitat 
mapping and coral reef community characterization in shallow waters (2 to 10 
m). Of the 170 km2 (65 mi2) seafloor mapped, the polygon totals indicated 
that about 40%was sand, 47% was coral reef and colonized pavement, 10%was 
seagrass, and 3% was other delineations.
Sediments at Beaches
  Much of the white sands on Florida beaches comprises a mixture of quartz 
crystals, coral fossil fragments, and mollusk shell fragments. Grain size 
information is provided by Benedet, Finkl, and Klein (2004). Samples were 
collected on the beach and in shallow water. The calcium carbonate content of 
the beaches ranged up to 55%, with many beaches containing .40% carbonate. 
The mean grain sizes of nearshore sediments increase from north to south 
as the content of siliciclastic materials decreases and the calcium carbonate 
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content increases. The median-grain size varies from about 0.3 mm at the 
Palm Beaches to about 0.4 mm at Miami-Dade Beaches, but coarser values 
in the southern part may reach 0.7 to 0.9 mm because of shell fragmentation 
(additional information provided by FDEP [2018a,b]). Various vibrocores 
were collected in 2006 and 2008 in the BH Inlet channel.
Based on this, the sediment within the channel was found to comprise poorly 
sorted, fine-grained sand with composite mean value of 0.26 mm. The average 
carbonate content was 48%; the average visual shell content was about 13%. 
A total of 15 samples were collected from Bal Harbour Beach in January 2009.
These beach samples were poorly sorted, fine- to medium-grained sand with 
composite mean value of 0.57 mm, carbonate content of about 70%, and 
average visual shell content of 45%. Various samples from the beaches along 
the SE coast of Florida were collected and analyzed in 2022 (Water-Proof, 
2022i). Characteristics of the samples are provided in Table 1. Typical results 
are (1) median particle size between 0.15 and 0.85 mm; (2) dry beach samples 
finer than samples from the low waterline; (3) coarser beach sediments in the 
south, with a relatively large percentage of carbonate materials (shell and coral 
fragments) south of Palm Beach; and (4) somewhat finer sand fraction (20%) 
than carbonate fraction, with particle-size distributions slightly bimodal.
Hydrodynamics
  The morphology of inlets and adjacent beaches is mainly influenced by a 
combination of waves and tide-, wind- and wave-induced currents in the 
shallow nearshore zone and by the Florida Current (FC). The deformation 
of the tidal wave in the shallow nearshore area around the inlets affects the 
peak flood and ebb velocities in the inlet channel and the associated sediment 
transport rates. Generally, the flood period of the tidal cycle in the inlet 
channel is characterized by a relatively high-current velocity of short duration, 
whereas the ebb period has a relatively low velocity of longer duration. Thus, 
the inlet channel is mostly flood-dominated (peak flood velocity greater than 
peak ebb velocity). Residual currents are key for net sand-transport directions, 
particularly for fine sediments. Wave penetration through the inlet depends 
on the inlet geometry and the strength of the tidal currents. Most major inlets 
have hard jetties to stabilize local morphology and to prevent the deposition 
of longshore sand moving into the inlet channel. Jet flow around the jetty tips 
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can modify the natural sediment bypassing patterns.
  The FC is an ocean current through the Straits of Florida between the Florida 
Keys and Cuba and northward around the Florida peninsula. The FC is driven by 
water level and density gradients related to temperature gradients, atmospheric 
pressure gradients, wind forces, and Coriolis effects and generates strong flows 
over a rapidly changing three-dimensional topography of the Florida Strait. 
The FC involves a great variety of motions (e.g., meandering, eddies, energetic 
internal tides, up- and downwelling) spanning a large range of spatial scales 
on seasonal and interannual time scales. Soloviev et al. (2017) studied the FC 
along the SE Florida coast based on measured velocity data of ship-mounted 
ADCP, long-term moorings at depths of 11 m and 244 m, and ship transects 
(at latitude 26.28, about 60 km north of Miami) from offshore to the coast. 
Based on analysis of data over 13 years, Soloviev et al. (2017) have identified 
some typical phenomena: (1) strong variability on time scales of weeks, (2) 
northward-directed flow over most of the depth in deep water during most of 
the time, (3) southward countercurrent (occasional) in the nearshore coastal 
region during occasional events, and (4) southward undercurrents (occasional) 
in the shelf region and on the Miami Terrace shelf region.
  The FC meanders in the Straits of Florida over days to weeks while undergoing 
distinct seasonal changes in vertical structure (Vassiliki, Kourafalou, and Kang, 
2012). The velocities in the upper half of the flow can be as high as 2.5 m/s, 
whereas those at mid-depth are in the range of 0.5 to 1 m/s. The maximum 
current velocity mostly occurs in the deep offshore areas (350 to 700 m) of 
the Florida Strait, but occasionally the high-velocity zone shifts to the coastal 
zone with smaller depths (100 to 300 m) because of meandering and advection 
effects.
  The SEFMOD study has produced an extensive database of Acoustic Doppler 
Current Profiler velocity data at many coastal locations from December 2019 
to September 2020 (Environmental Tracing, 2022a,b,c). Figure 3 shows the 
frequency of occurrence of north- and south-going longshore currents at LW 
Inlet and PE Inlet, which occur most frequently (approximately 80% to 90% 
of the time). West- and east-going currents occur much less frequently (,10% 
to 20%). The highest current velocities do occur in the deepwater zone (.50 
m), where the FC is dominant with north-going velocities up to 1.3 m/s at 
a depth of 70 m for 80% of the time. High velocities up to 0.9 m/s in the 

nearshore zone occur during storm events. Velocity data of ADCP-tracks near 
LW Inlet in the aftermath of Hurricane Dorian (8–15 September 2019) also 
show relatively high values up to 0.7 m/s in shallow nearshore water (10 to 15 
m).
  The strength of the current velocities gradually decreases toward the coast 
because of bottom friction; the frequency of south-going currents gradually 
increases from 20% in deep water to 30% to 40% in shallow nearshore water. 
South-going longshore currents are dominant (.70%) in the surf zone with 
breaking waves landward of the 7.5 m depth contour. Wave-induced longshore 
currents during daily conditions and minor storm events with waves up to 2 m 
are most intense in the inner surf zone landward of the 4.5 m depth contour.
  Figure 4 shows similar frequency distributions for the near-shore moorings 
in the Miami-Dade area (data for December 2019 to July 2020, with only 
one month for August–September 2020 for BH 18 m [60 ft]). Most of the 
current velocities are in the range of 0.1 to 0.3 m/s. North-going currents 
dominate south-going currents at all locations. The highest currents are 0.6 to 
0.7 m/s near BH Inlet. The goal of the modeling was to establish nearshore 
wave and sediment transport conditions that produced sediment transport 
rates and patterns consistent with generally accepted, average annual sediment 
transport rates along the county shoreline. Model results of net LST values for 
representative beach sand are as follows: 90,000 m3/y at Hillsboro Inlet; 55,000 
m3/y at Northern Fort Lauderdale; 40,000 m3/y at South Fort Lauderdale; and 
40,000 m3/y at the southern Broward County line (Olsen Associates, 2020). 
These values have been used as validation data in the present paper.
  The decrease in the net sand transport rate along the Broward County 
shoreline is principally due to the effect of variations in the width, depth, and 
configuration of the nearshore reef and hard-bottom features on the incident 
wave field along the county shoreline. The nearshore features offshore of the 
most northern Broward County shoreline are much narrower in the cross-shore 
direction and are deeper than the same features at the southern Broward County 
line. As such, more wave energy reaches the northern shoreline areas than the 
southern shoreline areas. This causes a gradual north to south reduction in the 
overall sand transport rates along the county shoreline.
A reliable indication of the net LST values can be obtained from the annual 
inlet bypass volumes of sand at various inlets (validation data). These latter 
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volumes are provided in the 2021 report from the Florida Department of 
Environmental Protection (FDEP, 2021). The annual inlet report high-lights 
the surplus and deficit of material that is being bypassed on an annual basis to 
each side of an inlet that is actively managed. The bypass volumes annualized 
over approximately 20 years are shown in Table 2. The bypass volume varies 
between approximately 185,000 m3/y at LW Inlet and about 30,000 m3/y at 
BH Inlet. The most recent bypass volume at LW Inlet is about 115,000 m3/y. 
The bypass volume at PE Inlet is exceptionally small.

Figure 2. Typical cross-shore bed profiles at Lake Worth (LW), Port 
Everglades (PE), and Miami Harbor (MH), Florida.

1

Figure 2

Ocean waves

Figure 3. Frequency distributions of measured north- and south-
going currents at depth of 6 to 67 m (20 to 220 ft) at Lake Worth Inlet 
and Port Everglades.

Figure 3
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Figure 4. Frequency distributions of measured north- and south-going 
currents at depth of 6 to 18 m (20 and 60 ft) at Baker’s Haulover, Sunny 
Isles, Surfside, and South Beach.

Figure 5. Example of a comparison between the measured and computed 
wave direction (upper panel), height (middle panel), and period (lower 
panel) at a mooring offshore Miami-Dade County–Baker’s Haulover, 
with water depth of approximately 17 m (55 ft). The red and green lines 
represent the Delft-SWAN model results, including (run 7) and excluding 
wind forces (run 12). Including wind forces lead to slightly higher wave 
heights (middle panel).

Figure 4
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Figure 7. Measured depth-averaged current velocity vectors during 
the maximum ebb phase derived from ship-mounted ADCP data at 
Palm Beach (September 2019; two ebb tidal phases during neap tide).

Figure 6. Computed significant wave height (color) and mean 
wave direction (black arrows) on 1 January 2020 (relatively mild 
conditions; left) and 23 February 2020 (stormy conditions; right). 
In addition to LW Inlet, PE, MDC-BH, and MDC-GC, five other 
inlets are highlighted: BI = Boynton Inlet; BRI = Boca Raton 
Inlet; HI = Hillsboro Inlet; JI = Jupiter Inlet; SLI = St. Lucie Inlet.

Figure 6

Figure 7
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Figure 8. Plan view of computed (Delft3D), depth-averaged current 
field during the ebb phase at Palm Beach, driven by a combination of 
tidal flow, Florida Current, and bathymetric effects (upper); measured 
and computed depth-averaged velocities in two cross-sections (lower).

Figure 7. Measured depth-averaged current velocity vectors during the 
maximum ebb phase derived from ship-mounted ADCP data at Palm 
Beach (September 2019; two ebb tidal phases during neap tide).

1
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Figure 9. (Left panel) Computed sediment transport patterns 
for Palm Beach during flood tide for case of waves of 2.0 m 
from 60°N and a Florida Current of 0.4 m/s to the north in a 
water depth of 15 m. (Right panel) Total longshore sediment 
transport, summed over the cross-shore zone up to MSL -7.5 m 
(negative values to the south).

Figure 10. Computed annual net longshore sediment transport 
based on the Continental Shelf wave-current model of the 
SE Florida coast, excluding Florida Current. (Left) Longshore 
sediment transport as a function of time and latitude (m3/day); 
(right) yearly longshore sediment transport as a function of 
latitude (m3; negative values to south). BI = Boynton Inlet; BRI 
=Boca Raton Inlet; HI = Hillsboro Inlet; JI = Jupiter Inlet; SLI = 
St. Lucie Inlet.
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Figure 11. Sand budget of the SE Florida coast between Lake Worth Inlet and Miami Inlet (yellow: nourishment 
and longshore sand transport LT; red: deposition [values in m3/y]; net sand transport across  -7.5 m depth contour 
is assumed to be zero).

Figure 11
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  ABATRACT
Benthic foraminifera are known to respond to naturally occurring and 
anthropogenically induced stresses. A considerable body of literature exists 
describing the effects that contamination by heavy metal and organic enrichment 
has on these organisms in coastal environments. This review of the literature 
on the subject since 1980 shows that these types of contamination are reflected 
through changes in the physiology, abundance, and community structure of 
foraminifera, confirming them as useful bioindicators of environmental quality 
in the geographical context of the north temperate zone. Based on this analysis 
of the literature, results show that metal enrichment leads to deformations 
and altered foraminiferal test chemistry, whereas organic enrichment tends to 
mostly affect foraminiferal abundance and community structure, with little 
evidence for morphological effects. Additionally, anthropogenic activities 
can degrade and even destroy the ecological niches occupied by foraminifera, 
as evidenced by the disappearance of symbiont-bearing taxa with increasing 
organic contamination. This review highlights the usefulness of the ecological 
responses of foraminifera in assessing the current and long-term state of 
ecosystems in temperate benthic coastal environments, especially in the 
context of increased heavy metal and organic contamination by anthropogenic 
activities.
ADDITIONAL INDEX WORDS: Test deformation, community structure, 
species assemblage, ecosystem conditions, anthropogenic pressure.

INTRODUCTION
 Most of the world’s coastal regions are heavily affected by human 
pressures (Williams et al., 2022). Coastal ecosystems are experiencing rapid 
physicochemical alterations due to enhanced anthropogenic activities such 
as unregulated and improper disposal of sewage and solid waste (including 
heavy metals) (Yang et al., 2007), overuse of fertilizers (Bailey et al., 2020), 
and emission of toxic and nontoxic gases into the atmosphere (Allegra 
et al., 2018). These activities contribute to the deterioration of coastal 
ecosystem health and the loss of marine life, especially in areas where human 
settlements are dense and widespread. Urbanization, increased land use, and 
industrialization can lead to severe alteration of the physical and chemical 
properties of marine environments (Tanaka, Minggat, and Roseli, 2021), thus 
impacting the persistence of benthic organisms, especially calcifiers like corals 
and foraminifera (Ciais et al., 2014; Doney et al., 2012; Hoegh-Guldberg et 
al., 2007; Orr et al., 2005).
  Layers of coastal sediments act as a repository for contaminants entering 
coastal marine systems and can preserve a reliable record of contamination 
sources (Sawe, Shilla, and Machiwa 2022). This contamination is not 
always directly evident but can make the sediments toxic for the benthic and 
epibenthic organisms that spend a large part of their life cycle in or on the 
sediment. It can lead to toxicity, bioaccumulation, and biological disruptions 
within the benthic and epibenthic communities (Billah et al., 2022). These 
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effects can manifest as reduced biodiversity, altered community structure, 
impaired reproduction and development, and even population decline (Billah 
et al., 2022). Several studies have attempted to evaluate the anthropogenic 
contribution towards the degradation of the health of the coastal benthic 
environment through various techniques, by documenting (1) geochemical 
proxies (e.g., isotopic studies) (Barik et al., 2022; Dasgupta et al., 2018), (2) 
geophysical properties (e.g., magnetic susceptibility and saturation isothermal 
remanent magnetization) (Yang et al., 2007), and (3) biomarkers (Vilela et al., 
2004). Benthic foraminifera are one such group of  organisms that rapidly and 
faithfully record variations in their surroundings and, as such, can be considered 
useful bioindicators of anthropogenically induced environmental change. For 
example, traces of anthropogenic CO2 and heavy metal concentrations in 
seawater and sediment can be integrated and preserved in their mineralized 
tests (Weber and Casazza, 2006). They are useful for monitoring environmen-
tal changes, including contamination, biodiversity, climate, and various 
physicochemical parameters that directly or indirectly affect the state of the 
marine ecosystem (Boltovskoy, Scott, and Medioli, 1991).
  Foraminifera are marine protists that are abundant world-wide (Frontalini 
and Coccioni, 2011). They have survived multiple mass extinction events since 
emerging during the Cambrian explosion, around 500 Ma (Culver and Buzas, 
1995). Extant species are estimated to number around 10,000 (Pawlowski, 
Holzmann, and Tyszka, 2013; Vickerman, 1992). They are classified into 
four subclasses based on the composition of their tests: (1) allogromid (test 
made of organic materials) (Pawlowski et al., 2002), (2) agglutinated (particles 
from the surrounding environment agglutinate to form the test)(Bender et al., 
1995), (3) siliceous (test composed of silica)(Gupta, 1999), and (4) calcareous 
(calcium carbonate test)(Gupta, 1999). Calcareous foraminifera are further 
subdivided into hyaline (porous CaCO3 test with interlocking microcrystals) 
and porcelaneous (nonporous CaCO3 test with randomly arranged rods) 
forms. According to the World Modern Foraminifera Database (Hayward et al., 
2024), the Foraminifera Phylum contains four extant classes: Globothalamea, 
Monothalamea, Nodosariata, and Tubothalamea.
Foraminiferal tests can be well preserved in sedimentary archives for millions 
of years (Holbourn et al., 2013) and thus provide an archive that can be used 

to reconstruct past environmental changes at different timescales. For the 
recent past, they can be useful to assess the impact of anthropogenic activities, 
like the emergence of industries on estuarine environments (Cearreta etal., 
2000, 2002; Ruiz et al., 2004). They were used for the first time as proxies for 
contamination in the early 1960s (Alve and Murray, 1995; Boltovskoy, Scott, 
and Medioli, 1991), and since then, publications focusing on foraminifera as 
a tool for monitoring coastal contamination have increased substantially (Scott 
et al., 2005; Yanko, Arnold, and Parker, 1999). Different environmental 
settings have been the focus of the response of benthic foraminifera to various 
forms of contamination (Alve, 1995; Culver and Buzas, 1995; Martin, 2000; 
Murray, 2006; Murray and Alve, 2002; Scott, Medioli, and Schafer, 2007; 
Yanko, Ahmad, and Kaminski, 1998; Yanko, Kronfeld and Flexer, 1994). 
These include sewage outfalls (Schafer, 1973), oil spills (Lee et al., 2014), 
heavy metal inputs (Youssef, 2015), inputs related to paper and pulp mills 
(Nagy and Alve, 1987), and thermal activities where water is used for cooling 
purposes in industries or power plants, where the water absorbs heat and is 
then released back into the environment at a higher temperature (Arieli et 
al., 2011). This can disrupt the aquatic ecosystem in several ways, such as 
by reducing oxygen solubility and increasing the incidence of algal blooms 
(Schafer, 1970, 1973; Xu et al., 2021).
  Many characteristics of foraminifera make them powerful environmental 
bioindicators: a short lifespan and rapid growth, rich diversity and specific 
autecological preferences, and a small size (~0.1 mm to 20 mm). They also 
often have high population density, allowing for statistically significant sample 
sizes that can be collected quickly and inexpensively for either assemblage 
assessments or experimental studies, with minimal environmental impact 
(Desrosiers et al., 2013). In unfavorable environmental conditions or in 
the context of a disturbance, foraminifera protect themselves through a 
biological defense mechanism that causes morphological changes, which 
translate as detectable evidence of stress (Ben-Eliahu et al., 2020; Bergamin 
et al., 2019; Frontalini and Coccioni, 2008). Living populations and surface 
sediment assemblages can therefore be used to assess the current state of the 
benthic ecosystem, while the foraminiferal content of stratified sedimentary 
accumulations can serve as archives of past environmental conditions. In the 
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Figure 1. Flow chart of the methodology used in the 
literature review.

paleoenvironmental context, the study of benthic foraminifera morphology, 
such as pore patterns, test thickness, and proloculus size, offers critical 
insights into past environmental stressors and bottom water conditions. 
Recent findings, such as those by Ni et al.(2024), highlight how species like 
Elphidium clavatum adapted to varying salinity and oxygen levels during the 
Last Interglacial period. These adaptations, including increased porosity and 
reduced test thickness under stressful conditions, underscore the utility of 
foraminiferal morphological features as reliable proxies for reconstructing past 
environmental changes in brackish and hypoxic marine settings. Such studies 
enhance our understanding of foraminiferal responses to ecological shifts and 
contribute to broader paleoclimatic reconstructions.
  The objective of this study was to analyze the scientific literature to assess 
the usefulness of benthic foraminifera as bioindicators of recent anthropogenic 
heavy metal and organic enrichment in coastal environments of the Northern 
Hemisphere. To do this, data available from the literature relating to human 
impacts were reviewed, and a list was compiled of potentially useful indicator 
species of these types of contamination in various regions that could help to 
track coastal change.

Figure 2. Distribution of the number of articles included in this study 
through time and their total citations (dashed line).
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Figure 3. Map showing the location of the published studies used in this article on benthic foraminifera and metal ion/organic contaminants from 
the Northern Hemisphere.
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Figure 4. Chart showing various contaminants and their 
effect on foraminifera. OC = organic contamination; MC = 
heavy metal contamination; cs = community structure.

Figure 5. Benthic foraminifera showing normal (top images) and abnormal 
forms (bottom images) observed in samples from the Bay of Sept Îes, 
Québec, Canada (Joshi, personal observation). (1) Elphidium clavatum 
(protuberance in the shell), (2) Cornuspira planorbis (protuberance in 
the outermost chamber), (3) Eggerella advena (Siamese twins).
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ABSTRACT  

 Coastal sand dunes play a vital role in protecting inland ecosystems and urban 
areas against storm surges and sea-level rise, which will become increasing-
ly important under human-induced climate change. While plant community 
dynamics have been found to benefit coastal dune resilience and resistance 
to disturbances, there has been relatively little investigation of soil microbial 
communities. Soil microorganisms play a vital role in coastal ecosystems by 
contributing to soil development, stabilization, and the mediation of plant 
productivity and diversity. In nutrient-poor environments like sand dunes, 
plant-microbe interactions are crucial due to their reliance on resource ex-
change. This study investigated soil microbial communities and whether they 
are primarily driven by abiotic or biotic conditions across successional habi-tats 
of a coastal dune system at St. George Island, Florida, southeastern United 
States, to help elucidate dune function and resilience. By assessing bacterial 
and fungal amplicon sequences across a disturbance gradient, it was found that 
different successional habitats harbored distinct soil communities, which var-
ied in taxonomic diversity and microbial functional groups. Bacteria showed 
the greatest diversity in interdunes, whereas fungal diversity was greatest in the 
foredunes. Additionally, it was found that plant and soil characteristics were 
differentially associated with the soil microbial community based on habitat 
age, with pH and soil moisture as important compositional drivers. Overall, 
these findings highlight how coastal dune dynamics differentially influence 

above- and below-ground biotic communities.

ADDITIONAL INDEX WORDS: Barrier island, bacteria, fungi, climate 
change, amplicon sequencing.

INTRODUCTION

   Coastal sand dunes play a crucial role in protecting inland ecosystems and 
urban areas against storm surges and sea level rise (Maun, 2009), which will 
become increasingly vital under human-induced climate change (Psuty and 
Silveira, 2010). The unique interplay between plant community dynamics and 
sand formation makes dunes particularly resilient to these forms of distur-
bance (Maun, 2009). Since dunes tend to undergo regular intervals of dis-
turbance from wind and wave action (Silva et al., 2008), and storm surg-
es (Houser, Hobbs, and Saari, 2008), the areas closest to the ocean, termed 
fore-dunes, are frequently subject to perturbations and sediment deposition, 
causing regular sand movement and accumulation. Meanwhile, interdunes, 
which occur inland from foredunes, tend to be more protected from regular 
wind and wave action but occasionally experience both freshwater and saltwa-
ter flooding from heavy rainfall and overwash (Miller, Gornish, and Buckley, 
2010). Coastal dune features furthest from the ocean, protected by the fore-
dunes and interdunes, are the backdunes, which are the oldest, most intact, 
and most stable habitat within a dune system (Miller, Gornish, and Buckley, 
2010). These physical processes shape dune formations, enabling the estab-

Continued on Next PageContinued on Next Page
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lishment of distinct plant communities (Cowles, 1899), which in turn help to 
determine dune shape and stability (Dura´n and Moore, 2013; Hesp, 2002). 
While plant community composition is fairly well documented across sand 
dunes (Cowles, 1899; Isermann, 2011; Miller, Gornish, and Buckley, 2010), 
there has been relatively little investigation of corresponding soil microbial 
communities (however, see Lin et al.,2014; Nayak, Behera, and Dash, 2019; 
Yoshitake and Nakatsubo, 2008).

  In nutrientpoor environments such as sand dunes, plantmicrobe interactions 
are thought to be especially important given their mutual dependence on re-
source exchange (Lambers et al., 2008). Furthermore, soil microbial commu-
nities are integral for ecosystem function by contributing to biogeochemical 
processes (Falkowski, Fenchel, and Delong, 2008), soil development and sta-
bilization (Coban, De Deyn, and van der Ploeg, 2022), and plant productivity 
and diversity (van der Heijden, Bardgett, and Van Straalen, 2008). They have 
even been found to tolerate the negative effects of climate change through their 
rapid eco-evolutionary processes (Chase, Weihe, and Martiny, 2021). Ecosys-
tem processes like nutrient cycling, decomposition, and plant production are 
further enhanced under increasing levels of soil biodiversity (Delgado-Baquer-
izo et al., 2020), thereby highlighting the importance of diverse soil microbial 
communities. Without the array of benefits offered from soil microorganisms, 
coastal sand dunes would be especially vulnerable to disturbances. Therefore, 
investigating soil microbial communities in coastal dune systems can help to 
elucidate dune function and resilience.

  Previous studies have found evidence that abiotic factors such as pH (Fierer 
and Jackson, 2006), organic matter (Delgado-Baquerizo et al., 2016), mois-
ture availability (Angel et al., 2010), and climate (Zhou et al., 2016) act as 
primary drivers of soil microbial diversity and composition. Yet, there is grow-
ing evidence that community-level plant attributes such as plant diversity and 
cover also play important roles in regulating soil microbial community struc-
ture (Delgado-Baquerizo et al., 2018). Identifying soil microbial community 
structure throughout a coastal dune system and understanding whether it is 
primarily driven by abiotic or biotic conditions are important factors to better 
clarify how these vital communities become established and persist.

  Uniquely adapted plant species establish across the abiotic gradients of coast-

al dunes, with early, mid-, and late successional plant communities inhabit-
ing foredunes, interdunes, and backdunes, respectively (Maun, 2009; Miller, 
Gornish, and Buckley, 2010). Increased plant cover and diversity are gen-
erally found across successional gradients (from early to late succession), as 
maturation of soils and prolonged stability support a growing number of 
species (Lalibert´e et al.,2013; Odum, 1969; Turner et al., 2019). However, 
many studies have found that diversity tends to decrease in late succession-
al habitats (Moi et al., 2020), suggesting that local species diversity peaks 
when ecological disturbance is neither too rare nor too frequent (Connell, 
1978; Grime, 1973). While there are relatively few studies investigating soil 
microbial communities across successional gradients, a metaanalysis found 
that bacteria follow similar successional patterns to plants, with increased 
taxonomic and functional diversity in late versus early successional habitats 
(Ortiz-Álvarez et al., 2018). Other studies have found that bacteria dominate 
early successional habitats in the presence of fast-growing pioneering vegeta-
tion, while fungal communities are often more abundant in late successional 
habitats where established slow-growing woody species produce preferentially 
consumed lignin (Bokhorst et al., 2017; Kardol, Martijn Bezemer, and van 
der Putten, 2006). For this reason, it is also important to distinguish commu-
nity differences between bacteria and fungi, given the different roles they may 
play across successional gradients.

  In this study, soil microbial communities were surveyed using high-through-
put molecular methods across successional coastal dune habitats of a barrier 
island at St. George Island, Florida, southeastern United States. The aim of 
this study was to determine (1) the patterns of change in the composition 
and taxonomic diversity of soil bacterial, archaeal, and fungal communities 
across successional dune habitats (foredunes, interdunes, and backdunes); (2) 
whether there are consistent patterns in the coupling of plant and soil mi-
crobial communities; (3) if soil microbial community composition is related 
to soil physicochemical properties; and (4) if differences occur in the relative 
abundances of microbial functional groups across habitat types. This study 
tested the hypothesis (H1) that the successional characteristics of each habitat 
type would drive the composition and diversity of soil microbial communi-
ties (Connell, 1978; Grime, 1973). More specifically, it was expected that the 
foredunes would have the lowest bacterial and fungal diversity compared to 

Coastal Dune Microbes
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Figure 1. St. George Island study site (St. George Island State Park, Florida, 
U.S.A.). Blocks F1–F3 encompass foredunes, blocks I1–I3 encompass inter-
dunes, and blocks B1–B3 encompass backdunes. Within each block, a 7 × 7 
array of 1 m2 plots, 10 m apart, were set up. For this study, plots in red (plots 
A1, B2, C3, D4, E5, F6, and G7) within each block were sampled, totaling 
63 plots (21 per habitat type). Source imagery: Florida: Google Data Satellite 
Imagery Operations (SIO), National Oceanic and Atmospheric Administration 
(NOAA), United States Navy (U.S. Navy), National Geospatial-Intelligence 
Agency (NGA), General Bathymetric Chart of the Oceans (GEBCO), Landsat/
Copernicus, Instituto Nacional de Estaďıstica, Geografía e Informática (INEGI).; 
St. George Island: Google TerraMetrics, Imagery date: 4/28/2019.

interdunes and backdunes due to increased wind and wave disturbance. Giv-
en that interdunes occasionally undergo inundation periods following storm 
surges and rainfall events, this study tested the hypothesis that interdune 
soil microbial diversity would be greatest due to distinct abiotic conditions 
that support a greater soil microbial community. Meanwhile, it was expect-
ed that the low disturbance in backdunes would support a more diverse soil 
microbial community than the highly disturbed foredunes, but this commu-
nity would be less diverse than that in the interdunes. Any difference in soil 
microbial community composition across each habitat type was assumed to 
be due to either differences in (H2) plant community composition or (H3) 
soil physicochemical properties. Furthermore, this study tested the hypothe-
sis (H4) that distinct microbial functional groups would dominate different 
habitat types. More specifically, it was expected that functional groups related 
to plant symbiosis (i.e. nitrogen-fixing bacteria and mycorrhizal fungi) would 
be more abundant in early successional habitats (i.e. foredunes), while func-
tional groups associated with decomposition (i.e. cellulolytic bacteria and 
fungal saprotrophs) would be more abundant in late successional habitats (i.e. 
backdunes). These trends were predicted based on the fact that plant-microbe 
interactions benefit from symbioses under increased stress in the foredunes 
and that decomposers would thrive from the accumulation of plant inputs 
(Lambers et al., 2008).
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Figure 2. Soil microbial diversity (Shannon-Wiener index) for bacterial/archaeal (A) and 
fungal (B) communities based on habitat type.
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Figure 3. (A–B) Nonmetric multidimensional scaling (NMDS) ordination of bacterial/archaeal (A) 
and fungal (B) soil communities by habitat type. Ellipses represent a 95% confidence interval of a 
multivariate normal distribution. Stress = 0.0917 for bacteria/archaea; stress = 0.197 for fungi. (C–D) 
Dominant phyla by habitat type for bacteria/archaea (C) and fungi (D), with dominant phyla subset 
by plot to illustrate variability within habitat type. Relative abundances of phyla constituting <5% 
were combined into the Others category.
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Figure 4. Distance-based redundancy analysis (dbRDA) biplot of bacterial/archaeal (A) and fungal (B) community 
composition in relation to environmental variables and habitat type. Statistically significant environmental variables 
(bacteria: Ca, Cu, Mg, Mn, S, Zn, pH, and soil moisture; fungi: Ca, Mn, S, Zn, pH, and soil moisture) are represented 
as vectors. The length and direction of the vectors indicate the strength and direction of the relationship between the 
environmental variables and microbial community composition. Community composition is represented by points, 
with the positioning reflecting their association with the environmental gradients.
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Figure 5. Inferred soil microbial functional groups by habitat type. Functional groups include aerobic 
chemoheterotrophic bacteria (A), aromatic compound degrading bacteria (B), cellulolytic bacteria (C), 
fermentation bacteria (D), methylotrophic bacteria (E), and sulfate respiration bacteria (F).
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Martinez, Maria
Martinez Diaz de Leon, Mario 
Martinez Flores, Guillermo 
Martinez Vazquez, M. Luisa 
Martins,  Kévin
Martins, Ana
Martivs, Maria 
Martos Nieto, Miriam
Mason, Owen
Mateo, Zenon

Matias, Ana
Mattheus, Robin
Maurizio,  Danna
Mawdsley, Robert
Mazaheri, Said
Mazzolari,  Andrea
Mcallister,  Emma
McBride, Randolph Alexander 
McCauley, Tracie
McCants, Carson
McCluney, Ross
McCorquodale, Alex
McDowell Peek, Katie
McKenna, John
McKenna, Kimberly K.
McKenzie, Anthony
McLachlan, Anton
McLaren, Patrick
Medellin, Gabriela
Medina-Gomez, Israel
Medina Lopez, Encarni
Medina, Raul
Mehta, Ashish
Mendelssohn, Irving
Mendoza-Gonzalez, Gaby
Mengual,  Baptiste
Messaros, Roy
Meyer-Arendt, Klaus 
Miao, Jilun
Mihailov, Emanuela
Miles, Jon
Miller, Deborah L.
Miller, Eric
Miller, Ian
Miller, Richard 

Milton, Sarah
Mimura, Nobuo
Min,  Seung-Hwan
Min, Eun-Hong
Min, Inki
Min, Jee-Eun
Miner,  Michael
Miossec, Alain
Mirzoyeva, Natalya
Miura, Hiroshi
Miyazaki, Yusuke
Modolo Vieira Machado, Giseli
Moit Da Silva, Graziela
Monge, Jackie
Montefalcone, Monica
Monteiro,  Renato
Monteiro, Marcos
Montello, Todd M.
Montes Pérez, Juan
Mooneyhan, David
Moore, Gregg E.
Moore, Laura J. 
Morales, Juan Antonio
Moran, Kelli
Moreland, Kimber
Moreno-Casasola, Patricia 
Moreno Blasco, Luis Juan 
Moreno-Egel, Dalia
Morichon, Denis
Moskalski, Susanne
Mösso Aranda, Cesar
Moulton	 Almeida Braga, Martim
Mouragues,  Arthur
Mozley, Edward C.
Mull, Jeremy

CERF-JCR Members 

Continued on Next Page



Just Cerfing Vol. 16, Issue 3 May - June 2025118 119

Table of Contents

Munoz Valles, Sara
Munoz-Perez, Juan
Murakoshi, Naomi
Murdukhayeva, Angelica
Murillo, Elizabeth Marie
Murray, A. Brad
Murray-Wallace, Colin
Murren, Courtney
Mury,  Antoine
Myrhaug,  Dag
Nadal-Caraballo, Norberto
Naess, Arvid
Nagdee, Mohammed Rafik
Naidu, V.S.
Naquin, James
Narine, Patrick
Nava-Sanchez, Enrique H.
Navas, Fatima
Ndour,  Abdoulaye
Neal, William J.
Needelman, Brian
Neffa Vieira De Castro, Elza Maria
Negro, Valdecantos Vicente
Negro, Vicente
Nenciu, Magda Ioana
Nettles, N.S.
Neumeier, Urs
Neves, Claudio F.
Ng, Kiat
Nguyen, Anh
Nguyen, Cuong
Ni, Yunlin
Ni, Fusheng
Nicholls, Robert J. 
Nicolae Lerma, Alexandre

Nicolas, Robin
Niculescu, Simona
Nielsen, Alexander
Nobre, Ana
Noor Islam, Shafi
Nordstrom, Karl 
Norton, Ashley
Novaes De Oliveira, Gabriela
November, Eben
Numanoğlu, Genç Aslı
Numbere, Aroloye Ofo
Nunes Barboza, Conceicao
Nuyts,  Siegmund
O'brien Delpesh, Charmaine
O'Neal, Michael
O'Neill, Andrea
O'Shea, Michael
Oakley, Adrienne Jean
Oakley, Brian
Oakley, Bryan A.
Obeysekera, Jayantha
Obiefuna, Jerry
Oellermann, Lawrence Keith 
Ofo Numbere, Aroloye
Ogden, John
Ogorodov,  Stanislav
Oh, Hyeong-Min
Oh, Sang-Ho
Oh, Young 
Ojeda, José
Olea, Richardo
Olejniczak,  Remigiusz
Oliveira Correia, João Nuno
Oliver, Thomas
Oliveros, Carlos

Olivos-Ortiz, Aramis
Ollerhead, Jeff
Olsen, Erik J.
Oltman-Shay, Joan 
Orchard, Shane
Orford, Julian
Ortiz, Isabelo
Ortiz, Juan
Osadchaya, Tatyana
Osborne, Philip D.
Oseji, Ozuem
Ospina, German Daniel 
Othman, Muhammad
Ottow, Martin
Owen, Susan
Özkaynak, Ömer Harun
Ozturk, Derya
Paine, Jeffrey G.
Palalane, Jaime
Paquier, Anne-Eleonore
Paramio, Luz
Paris, Alexandre 
Park, Gwang Seob
Park, Jae-Hun
Park, Seonryang
Park, Young Hyun
Park, Young-Gyu
Park, Byeoungeun
Park, Chanho
Park, Duhoon
Park, Heung-Sik
Park, Kyeong 
Park, Man Ki
Park, Young
Parker, Hugh

Parkhomenko, Alexandr
Parkinson, Randall
Parks, David 
Parrish, Christopher
Patrascu, Vasile 
Patsch, Kiki
Pattiaratchi, C.B.
Paul, Ashis
Paulsen, Manfred
Pavlidou, Alexandra
Payo,  Marta
Pechsiri, Joseph
Pedreros,  Rodrigo
Peixoto, Herbert Junior
Peixoto Junior Campos, Herbert
Pelinovsky, Efim
Pellegrini De Castro, Júlio Augusto
Peng,  Yu 
Penning-Rowsell, Edmund
Pereira da Silva, Carlos
Pereira, Luci
Perez-castaneda, Roberto
Perez, Carlos 
Perkinson, Christin
Perriello, Felix
Peterson, Anneliis
Peterson, Curt D. 
Phillips, Amanda
Phillips, Benjamin
Phillips, Mike
Picado, Ana
Pierce, Aaron
Pilkey, Orrin
Pinet, Paul R.
Pintado, Emilia
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Pinto, Josep
Pirazzoli, Paolo
Pitman, Sebastian
Pivovaroff, Alex
Plecha, Sandra
Poate, Timothy
Pokavanich, Tanuspong
Pombo, Maria Joaquim
Pons Buades, Guillem Xavier
Pons, Frank
Portantiolo Manzolli, Rogerio
Pousa, Jorge
Pranzini, Enzo
Praveena, Sarva 
Prieto, Javier Gracia
Psuty, Norbert P.
Pucino, Nicolas
Puleo, Jack
Pupienis, Donatus
Purandare, Jemma
Pye, Kenneth
Quan, Steven
Quentin,  Laporte-Fauret
Quigg, Antonietta
Radermacher, Max
Radtke, Ulrich
Ragoonaden, Sachooda
Rahaman, Mazlur
Rahman, Mujibor
Rahman, Saeed
Rahn, Jennifer
Rajagopal,  Manimurali
Ramli, Zahir
Ramos, Carmela Cristhy
Ramsay, P.J.

Ramsey III, Elijah
Randazzo, Giovanni
Rangel-Buitrago, Nelson
Rangger, Helmut
Rätsep,  Margus
Raykov, Violin
Reid, Sergey
Ren, Hai
Renato, Paulo
Resio, Don
Restrepo, Juan C.
Ribeiro Ferreira, Jose Carlos
Richards, Russell
Riksen, Michel
Ritphring, Sompratana
Ritter, Erich
Ro, Young Jae
Roberts, H.H.
Robertson, John
Robertson, William
Robin,  Nicolas
Robinet,  Arthur
Rodrigues, Rilo Ana
Roelvink, Dano
Rogers, Kerrylee
Rohmer,  Jeremy
Romeu, Marco
Rosen, Peter S.
Rossi-Santos, Marcos
Rtimi,  Rajae
Rua, Alex F.
Ruangchuay, Rapeeporn 
Rudolph, Greg L.
Ruiz De Alegría, Arzaburu Amaia
Ruiz, Reina Antonio

Ruiz Seisdedos, Monica
Rusenko, Kirt W.
Russell, Barbara
Ryan, Emma Jean
Ryu, Jongseong
Saito, Yoshiki
Saitoh, Takehisa
Saleedo-Castro, Julio
Salguero, Carlos
Salmon, Michael
Salzmann, Leslee
Sanchez-Arcilla Conejo, Agustin
Sander, Lasse
Sanders, Brett
Santana, Bienvenido
Santiago, Inaki De
Santos Jr.,  Olavo
Santos, Valdenira
Sarbu, Vasile
Sas, Marc
Sato, Daisaku
Sava, Daciana
Savoya, Veronica
Scarponi, Daniele
Schedel, Angela
Scheffers, Anja Maria
Schembri, Patrick J.
Schiller, Rafael
Schmid, Keil A.
Schwab, William
Schwartz, Maurice
Schwarzer, Klaus 
Scott, David
Scott, Timothy
Sealey, Kathleen

Sedrati,  Mouncef
Seidle, Peter
Sembiring, Leo
Semeniuk, Vic
Senechal, Nadia
Serge,  Suanez
Serra-Raventos, Jordi
Serrano Garcia, Maria Angeles
Sexton, Walter J.
Shaffer, Anne
Shah, Dharmendra
Shahrizal, Ab Razak Mohd
Sharaan,  Mahmoud
Sharples, Chris
Shaw, Charles
Shea, Norm
Sherman, Douglas  J.
Sherman, Heidi
Sherwood, Christopher
Shi,  Lianqiang
Shi, Hong-Yuan
Shih, Ruey-Syan
Shim,  Jae Seol
Shim,  Kyu-Tae
Shim, Jae-Seoul
Shin, Bumshick 
Shin, Sungwon
Shin, Chang-Woong
Shin, Choong
Shin, Sungwon
Shipman, Hugh
Short, Andrew
Shrestha, Pravi
Shuster, Robert
Sifnioti, Dafni
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Silambarasan, Krishnan
Silva Gomes, Raimunda K.
Silva Alves, Paulo
Silva, Ana Nobre
Silva, Juliana
Silva, Rodolfo
Sim, Bo-Ram
Simeone, Simone
Simionato, Claudia
Simpson, David
Sinclair, Alex 
Škaričić, Željka
Slattery, Michael Patrick
Slaymaker, David
Slim, Pieter
Slinger, Jill
Smith, Alan 
Smith, David
Smith, Ernest
Soares Luiz Gomes, Mario
Soerensen, Per
Solana Arteche, Gorka
Solari, Sebastian
Sommerfield, Christopher K.
Somphong, Chatuphorn
Son,  Young Baek
Son, Young 
Sone, Willy Essoh
Song, Chang
Song, Dongseob
Song, Hyun-Gu
Song,  Minjong
Song, Zhiyao
Sous,  Damien
Sousa,  Magda

Souza Filho, Jose R.
Souza, Alejandro
Souza, Sirius
Spencer, Tom
Spetter, Carla
Sposato, Patricia
Staiger, Jon C.
Stanley, Jean-Daniel
Steichen, Jamie
Stewart, William Pratt
Stiros, Stathis C.
Stive, Marcel
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Stotz, Wolfgang
Strauss,  Darrell
Strezov, Aleksandr
Strzelecki,  Matt
Styles, Richard
Suanez, Serge
Suastika, Ketut
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Suh,  Seungwon
Suh, Kyung-duck
Suh, SeungWon 
Sun, Peng
Sundar, Vallam
Sundaramanickam, Arumugam
Sunwoo,  Wooyeon
Sutherland, Michael
Sutherland, Terri
Suursaar, Ülo
Swanson, Larry
Swanson, Robert Lawrence
Szefler, Kazimierz
Szeglin, Arthur

Tajul Baharuddin, Mohamad ff 
  Faizal Bin
Tak,  Wonjun
Takewaka, Satoshi
Talavera,  Lara
Talke, Stefan
Tan, Huiming
Tanski, J.
Tatui, Florin
Taylor, Eleonor
Taylor, Matthew
Taylor, Robert
Tebbens, Sarah F.
Teixeira,  Manuel
Teixeira, Carlos 
Tejada, Macarena
Terchunian, Aram V.
Terefenko, Pawel
Tereshchenko, Nataliya
Terry, James
Thibault, Charles Henry
Thieler, E. Robert
Thom, Bruce 
Thompson, Catriona
Thorner, Jaqueline
Thorpe, Antony
Thys, Alexandre
Tidwell, David
Tiganov, George 
Tissot, Philippe
Tomás, Luís Miguel
Tomlinson, Rodger
Tong, Chuan
Tõnisson, Hannes
Torio, Dante

Torres,  Marissa
Toste,  Raquel
Traykovski, Peter
Trembanis, Arthur
Trigo-Teixeira,  Antonio
Trogu,  Daniele
Tseng, Yung
Tsujimoto, Gozo
Tuan, Do Anh
Tuck, Megan E.
Tuominen, Jyrki
Turner, R. Eugene
Turpie, Kevin
Twilley, Robert R.
Twomey, Niall
Uba, Felix
Udo, Yokoo Keiko
Unc, Octavian Dumitru
Underwood, Steve  
Unwin, David
Uranchimeg, Sumiya
Vacchi, Matteo
Valentini, Nico
van der Meulen, Frank
van der Valk, L.
van Dijk, Deanna
van Dongeren, Albertus
van Haren, Hans
van Heteren, Sytze
van Keulen, Mike  
van Proosdij, Danika 
van Wellen, Erik
Varbla, Sander
Varnell, Lyle
Vaz, Nuno
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Vella, Godfrey
Venekey, Virag
Verville, Jean-François
Verwaest, Toon
Vespremeanu-Stroe, Alfred 
Vicens Miquel, Marina
Vicinanza, Diego
Vieira Da Silva, Guilherme
Villagran, Mauricio
Villate Daza, Diego Andres
Vilumaa, Kadri
Vizcaino, Emilio
Vizireanu, I.
Vlodarchyk, Brent
Vollmer, Heather
Voyiadjis, George
Waldron, Margaret
Walker, Cameron
Walker, Ian J.
Walker, Simon J.
Wallace, Davin
Wallin, David
Walter, Scott
Walther, Michael
Wang, Li
Wang, Yajun
Wang, Chongyang
Wang, Fu
Wang, Hongqing
Wang, Huakun
Wang, Jian-hua
Wang, Jieyong
Wang, Ke
Wang, Keh-Han
Wang, Ping

Wang, Ya Ping
Wang, Ying
Wang, Zongming
Ward, Larry
Warren, Richard E.
Watanabe, Kazuya
Waters, Jeffrey P.  
Watson, Phil
Webb, Bret Maxwell
Weir, Adam
Weishar, Lee
Wells, John
Wetzelhuetter, Chris
Weymer, Bradley
White, Bruce
White, John Leslie  
Whitley, Andrew
Widmer, Walter
Williams, Allan Thomas 
Williams, Deidre
Williams, Harry
Winckler, Patricio
Windom, Herb
Wolski, Tomasz
Wolters, Michel
Won, Eun-Ji
Woo,  Han Jun
Woo, Heeeun
Woodroffe, C.D.
Woodworth, Philip
Woolard, Liza
Wootton, Louise
Wright, Eric
Wright, Ian
Wu, Bing

Wu, Teng
Wu, Jia-Ping
Wu, Weiming
Wu, Yangcan
Wynja, Valerie
Xavier,  Bertin
Xharde, Regis
Xia, Wenxiang
Xie, Zhenglei
Xin, He
Xu,  Haijue
Xu, Beibei
Xu, Chunyang
Xu, Yan
Xu, Zhaoyan
Yamakawa, Yoshito
Yang,  Huatao
Yang,  Hyun
Yang, Chan-Su
Yang, Hyun
Yang, Qingxuan
Yang, Qiuling
Yang, Zhaoqing
Yao,  Peng
Yao, Jing
Yao, Yu
Ye, Ming 
Yi, Sangchoul 
Ying, Chao
Yokoyama, Katsuhide
Yoo, Sangcheol
Yoon, Hyun Ho
Yoon, Gil
Yoon, Ick-Soo
Yoon, In Joo

Yoon, Jae-Seon
Yoshida, Jun
Yoshizaki, Shinji
You, Zai-Jin
Youn, Daeok
Young, Donald
Young, Robert S.
Yu, Gao 
Yu, Guo Liang
Yu, Haitao
Yu, Tai-Yi
Yuan, Saiyu
Yuanita, Nita
Yuk, Jin-Hee
Yurakhno, Violetta
Zaharin Aris, Ahmad
Zahid, Ahmed
Zaitsev, Yuvenaly
Zalewski, Tomasz
Zarzuelo Romero,  Carmen
Zavala-Hidalgo, Jorge 
Zayas, Aileen Aponte
Zhan, Jie-min
Zhang, Junqi
Zhang, Mingliang
Zhang, Wenyong
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We graciously welcome the following individuals into the International Coastal 
Symposium (ICS) family and thank them for all their support!

Aaron Abraham Zachariah
Abdalla Mostafa
Abdou Sagne
Abdoulaye Ndour
Abdulaziz Al Darmaki
Abdulhalim Dandoush
Abdulla Ansari
Abdullah Alkelani
Abdullah Basheer Anwar Mahmoud
Abdullah Mohamed Abdon
Abdulrahman Al Ishaq
Abitha John
Aboobacker Valliyil Mohammed
Abubakr Al Zarrafi
Afra Ahmed Mohamed
Afreen Salam
Ahmad Alhimdan
Ahmad Qanbar
Ahmed Ahmadi
Ahmed Al Asswad
Ahmed Basha
Ahmed Esmaeel
Ahmed Sayed Mohamed
Ahoud Abdullah
Aijun Wang
Aisha Al Zeyara
Aiswaria Kampurath
Aiyad Gannan
Ajay John Raju
Alex Amato
Alexandra Cernian
Alexandra Leitao Ben Hamadou
Alexei Godina
Alexey Maslakov

Ali Al Maslmani
Ali Alghadhi
Ali Hani Abououkal
Ali Salem Alseari
Alissa Flatley
Allwyn Brenden
Alshaima Al Tammi
Amiel Majeed Panda
Amin Esmaeili
Amir Khan Mohammed
Amro Abbas
Ana Margarida Rodrigues Ferreira
Ana Rodrigues Ferreira
Anas Aidous
Andrea Giudici
Anesha Deonarine
Angelita Fialho Silveira
Anoumou Rene Tano
Antoine Awad
Antoine Collin
Antonio Trigo Teixeira
Antonio Usai
Anwar Abdul Jabbar Dasurkar
Anwar Dasurkar
Aparna Krishna
Arif Ugurlu
Arwa Salameh
Ashraf Chamseddine
Asli Numanoglu Genc
Asma Damghi
Asmaa Abdelkereem
Aspa Chatziefthimiou
Awa Bousso Drame
Awni Alotoom

Aya Hamdi Mahmoud Mohamed
Bahman Boostani
Bapentire Donatus Angnuureng
Bashar Ismael
Bayaoui Boudjemaa
Benjamin Perry
Bianca Mc Kelvey
Bragath RC
Bruno Castelle
Bruno Miguel Fontes Da Rosa
Bruno Welter Giraldes
Busra Karagoz
Caique Marchon Da Costa Rocha
Can Elmar Balas
Carlos Coelho
Catarina Dos Santos
Chahtou Selma
Chanille Anne Calado
Cheriyeri Poyil Abdulla
Christian James Aquino
Christian Joseph Bulaong Miclat
Cut Salsabila
Daniele Trogu
Daria Bogatova
David Edward Johnson
David Palandro
David Parks
David Verissimo Pilo
Denis Seremba
Dhalif Abdu Rahim
Dharshana Rajagopal
Dilba Rayaru Kandiyil
Donatas Pupienis
Dong Xiaoyu

Dongseob Song
Dorothee James
Ebrahim Al Ansari
Eddy Kurobuza Tukamushaba
Ede Kossari Tarnik
Effi Helmy Ariffin
Egemen Ander Balas
Elizabeth Royer
Elsayed Mohamed Elazazi
Emilia Arasaki
Erkan Erkul
Esan Hamer
Essa Abdulkhaliq
Eugen RUSU
Evana Gialeani
Fabiha Hussain
Fabio Miguel Da Silva Pereira
Fadi Almahawreh
Fahim Ullah Khan
Faisal Ahammad
Fajil Muhammed
Fathima Abdul Gafoor
Fethiye Ceylin Ugurlu
Filipe Vieira
Fiona Mac Kay
G M Jahid Hasan
Gabriel Prates Hallal
Gascon Kyle Rjie Petallana
Georgenes Cavalcante
Georgii Kazhukalo
Gerard Dominic
Ghinwa Almaghout
Giuseppe Roberto Tomasicchio
Gopakumar Nair
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Fethiye Ceylin Ugurlu
Filipe Vieira
Fiona Mac Kay
G M Jahid Hasan
Gabriel Prates Hallal
Gascon Kyle Rjie Petallana
Georgenes Cavalcante
Georgii Kazhukalo
Gerard Dominic
Ghinwa Almaghout
Giuseppe Roberto Tomasicchio
Gopakumar Nair
Greta Reisalu
Guillem Pons
Guru Prasath Jayadevan
Haddaoui Hatim
Hadil Elsayed
Hak Soo Lim
Hakeem Adeniyi Ajonbadi
Halil Kivanc Ugurlu
Hamad Abdulrahman Al Saad  
  Alkuwari
Hannes Tonisson
Harith Al Kubaisy
Haruna Moda
Haseeba Kaiprath Puthiyapurayil
Hasna Ashraf
Hasna Bouazzati
Hassan Ali
Hatem Daloul
Helene Burningham
Hendy Fatchurohman
Himanshu Marwaha
Hossam Ali
Hung Hwan Choi
Hussain Mohammed Alsayed
Hyungseok Lee
Ibrahim Abdul Latif Al Muslimani

Ibrahim Saad Abdullah Alsaad
Ibrahim Salman AL Mohannadi
Ikram Al Attar
Inga Zaitseva Parnaste
Inigo Aniel Quiroga Zorrilla
Isabel Marques Da Silva
Isioma Asiodu Otughwor
Issa Sakho
Iyed Khedhiri
Jacques Andre Tiemele
Jahongir Azimjonov
James Poirier Director Finance
Jara Martinez Sanchez
Jassim Abdulla Al Khayat
Jassim Mohd Lari
Jay Jooyong Lee
Jeff Ollerhead
Jennifer Macahia
Jie Gong
Jihyun Kang
Jin Hee Yuk
Jithin Sreedharan
John Burt
John Little
John Man Kon Wong
Jon Williams
Jose Rodrigues Souza Filho
Jose Souto Rosa Filho
Julian O Grady
Juliet Gladies Jayasuria
Jun Fan
Junho Lee
Kader Ba
Kambiu Liu
Kang Min Lee
Kanzy Gharib
Katre Luik
Katri Viigand

Kee Dae Kim
Kerrylee Rogers
Khader Mohammed
Khadija Younes
Khaled Shami
Khalid Daloul
Khalood Al Harthi
Khayzer Palmansali
Kholoud Hekmat Sarhan
Klien Savio Miranda
Krista Jack
Kristjan Herkul
Kulli Kutser
Kurunayakage Ayesha Dilshani
Kwang Hee Choi
Lale Balas
Lambros Kaiktsis
Larissa Midori
Lee Hyun Jung
Liina Pajusalu
Liliana Rusu
Lina Nasser
Lina Rueda
Lorena Gil Calo
Loujain Al Amin
Lucas Martins Pion
Lucas Sellanes Fajardo
Luis Ivens Portela
Lulwa Mohammed
Maha Al Naimi
Mahmoud Bataineh
Mahmoud Hussien Yousif Ibrahim
Mahmoud Samy Sharaan
Majd Zaher
Majid Ibrahim
Mame Faty Niang
Mamnoon Ahmad
Manal Al Kandari

Manas Behera
Mansour Al Qubeissi
Maram Alrawi
Marge Simo
Mariam Kamel
Mariam Razavi
Marija Romic
Marija Romic
Maris Eelsalu
Marwa Beji
Marwa Elnahass
Maryam Al Ahbabi
Maryam Al Sobai
Matheus Cordeiro Facanha
Mayssa El Salhi
Medina Ishmael Lalla
Mehmuna Begum
Menekse Yilmaz Ugurlu
Meng Xia
Meruyert Beisembekova
Mezna A Lrabaan
Miguel Da Guia Albuquerque
Miguel Jose Baptista Gaspar
Minwoo Park
Mitsuzawa Gaku
Mohamad Pour
Mohamed Abderrahim Zagrar
Mohamed Nejib Daly Yahia
Mohammad Asif Khan
Mohammad Zaher Serdar
Mohammed Elnaiem Abdelrahim 
  El Mahdi
Mohammed Eltaib Abdallah 
  Mohammed
Mohammed Fouad Benilles
Mohammed Naif Saleh  
   Mohammed  
Montreuil Anne Lise
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Mothana Al Kubaisy
Mouadh Abdelkarim
Mouncef Sedrati
Mounira Boudjema
Mousa Abu Mousa
Moustafa Adil Abdulrahem 
  Al Damook
Moustafa Elimam
Muhammad Riaz Ejaz
Mujtaba Hamidy
Mustafa Atef
Mustafa Mohammed Khalaf
Nadeem Hashem
Nagham Abu Talib
Nagi Abdussamie
Nancy Lamontagne
Nayla Higazy
Nayla Mohammed Al Neama
Nazeer Gopaul
Neha Joshi
Nerea Portillo Juan
Nicholas Rapp
Nicole Delpeche Ellmann
Nina Lam
Nishana Macksood
Nita Yuanita
Noora Al Shimmary
Norah Al Hajri
Noujas Varangalil
Oleksiy Davydov
Omar Emad
Omar Shurbaji
Omer Harun Ozkaynak
Osama Hamza
Paolo Alfredini
Patrick Joseph Carrera
Pedro De Souza Pereira
Pedro Range

Ping Wang
Ponnumony Vethamony
Pramod Hanamgond
Put Ang Jr
Rachid Benlamri
Radhouane Ben Hamadou
Raj K Kumar Dahal
Raja Mazuir Shah
Rajaa Ait Ali
Rajendiran Sundaramoorthy
Ramez Reda Hassan
Ramzan Ali
Rana Saeed Al Al Absi
Raneem Omer Ahmed  
  Mohamed
Rania Edrees Adam Mohammad
Ranya Fadlalla Abdalla Elsheikh
Ravi Rangarajan
Rawdha Sultan Ameen
Razan Khalifa
Reda Ibrahim Ali
Renzelle Castro
Richard Aidoo
Ridha Ben Rejeb
Robert Gharios
Roberto De Oliveira Bezerra
Robin Nicolas
Rose May Galano
Rosie Bateson
Rostom Merzouki
Rozainah Mohamad Zakaria
Rui Pires Taborda
Rui Pomares
Sabareeswari Tamilselvan
Sagne Abdou
Sahar Rahmouni
Saleh Mohsin Fetais
Sam King

Samah Dib
Samar Siddig
Sami Alotaibi
Sana Najeem
Sara Al Hajri
Sarah Merabet
Sawsan Eissa
Shaheena Kareem
Shaikha Alsayegh
Shaima Yousif Rehman
Shakil Ahmed
Shefnas Sherif
Sheikh Mohammed Ali
Sherif Ghallab
Shiney Punnoose
Shivani Shashikant Patel
Sidra Qadir
Silvia Palotti Polizel
Simone Simeone
Soliman Ibrahem
Sten Suuroja
Stephanie Contardo
Sultan Mohammed Abdulla
Sumaya Hassan
Surisetty VV Arun Kumar
Taerim Kim
Takahiro Yamamoto
Talal Altamimi
Taneem Khan
Tarmo Soomere
Temitope Oyedotun
Thansiha Parveen
Thomas Hasiotis
Tiina Paalme
Tiit Kutser
Trude Taevere
Turki Alkuwari
Turki Fahad Alsaid

Ulo Suursaar
Valeria Freundt
Victor Torres
Vineeta Ghosh
Wafik Sakr
Waqas Ahmed
Wesam Rohouma
Will Sutherland
William Skeels
Wyatt Rhys Maddox
Xenia Loizidou
Yang Chang
Yisen Zhang
Yixuan Chang
Young Gyu Park
Yousra Mohammed  
  Abdullah Alsayed
Yousra Soliman
Yunar Ibrahim Alabd
Zahida Bano
Zaid Samha
Zakaria Maamar
Zhanbolat Lyazat
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JCR External Peer Reviewers
Over 1,970 external peer reviewers from 85 different countries have generously donated their time to the Journal 
of Coastal Research (JCR) to conduct the thorough evaluation of manuscripts. This review process includes 
providing comments and recommendations to the Editor-in-Chief concerning the ultimate disposition of 
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Huang, Chengcheng CHINA
Huang, Zhihua CHINA
Huang, Wenrui UNITED STATES
Hughes, Zoe UNITED STATES
Hui, Zhengchuang CHINA
Hui, Iris UNITED STATES
Hunt, Heather CANADA
Hunt, Adrian UNITED STATES
Hur, Dong-Soo KOREA, REPUBLIC OF
Huynh, Nguyen VIET NAM
Hwang, Sun-Wan KOREA, REPUBLIC OF

Iburahim S, Abuthagir INDIA
Idowu, Temitope KENYA
Iglesias, Gregorio IRELAND
Iheanacho, Stanley Chidi NIGERIA
Imeson, Anton NETHERLANDS
Inam, Asif PAKISTAN
Inan, Asu TURKEY
Indukuri, Vishnupriya Sowjanya INDIA
Irrgang, Anna GERMANY
Isermann, Maike GERMANY
Iskander, Moheb EGYPT
Isla, Federico ARGENTINA
Ismail, Isha Baizura MALAYSIA
Italiani, Diana BRAZIL
Izquierdo, Javier UNITED STATES
J, Prashanth INDIA
Jackson, Derek UNITED KINGDOM
Jafarpour, Dornoush IRAN (ISLAMIC REPUBLIC OF)
Jager, Alfred ITALY
Jaikla, Chayawan UNITED STATES
Jaiswar, A. K. Jaiswar INDIA
Jang, Changhwan KOREA, REPUBLIC OF
Jara, Martínez Sánchez  SPAIN
Jaramillo Cardona, Camilo SPAIN
Jay, David UNITED STATES
Jay, Katya UNITED STATES
Jayakumar, K. INDIA
Jayappa, K. S. INDIA
Jayasiri, H.B. SRI LANKA
Jebarathnam, Prince Prakash Jeba Kumar INDIA
Jeeva, Charles INDIA
Jemily, Linda MOROCCO
Jeney, Andras HUNGARY
Jeng, Dongsheng AUSTRALIA
Jenish, Arun INDIA
Jennerjahn, Tim GERMANY
Jeofry, Muhammad MALAYSIA
Jeong, Kwang Young KOREA
Jeong, Hae jin KOREA
Jessina, George  INDIA
Jeuken, Marie-claire NETHERLANDS
Jeyagopal, Sriganesh INDIA
Ji, Jianyue CHINA
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Ji, Yujun CHINA
Jia, Mingming CHINA
Jia, Hou-lei CHINA
Jia, Zhuo CHINA
Jiang, Shaohui CHINA
Jiang, Chao CHINA
Jiang, Bin SWEDEN
Jiao, Jialong CHINA
Jiménez, Jose SPAIN
Jinadasa, Priyantha INDIA
Jitao, Yu CHINA
Johannessen, Cassandra CANADA
Johnson, Jaime SOUTH AFRICA
Johnson, Beverly UNITED STATES
Johnson, Shaji INDIA
Johnson, Markes E. UNITED STATES
Jones, Rebekah UNITED STATES
Jones, Benjamin M. UNITED STATES
Jones, Kim UNITED STATES
Jones, Brian Gordon AUSTRALIA
Jose, Felix UNITED STATES
Juarez, Braulio MEXICO
Jude, Simon UNITED KINGDOM
Jung, Byungsoon KOREA
Junjun, Li CHINA
Jury, Mark R. UNITED STATES MINOR OUTLYING 
ISLANDS
K, Masilan INDIA
K, Karuppasamy INDIA
K, Anandha Raja INDIA
K, Prabakaran INDIA
K, Devi INDIA
K, Vignesh INDIA
K, Vasanth INDIA
K R, Renjith INDIA
Kabiri, Keivan IRAN (ISLAMIC REPUBLIC OF) 
Kafoor, Nijamir SRI LANKA
Kaki, Christophe FRENCH GUIANA
Kallepalli, Akhil INDIA
Kalluri, Sravani INDIA
Kamath, Arun NORWAY
Kamble, Suhas INDIA
Kamicaityte, Jurate LITHUANIA

Kamil, Ernie Amira MALAYSIA
Kamireddy, Mruthyunja Reddy INDIA
Kampel, Milton BRAZIL
Kana, Tim UNITED STATES
kanbua, wattana THAILAND
Kang, Emily Lei UNITED STATES
Kannan, Kurunthachalam UNITED STATES
Karati, Kusum INDIA
Karlin, Alvan UNITED STATES
Karsli, Fevzi TURKEY
Karthy A, Karthy INDIA
Karunarathna, Harshinie UNITED KINGDOM
Kasapoglu, Nazlı TURKEY
Kasim, Maruf INDONESIA
Kassem, Hachem UNITED KINGDOM
Kastovsky, Jan CZECH REPUBLIC
Katari, Anjaneyalu INDIA
Katarzyte, Marija LITHUANIA
Kathavarayan, Vasanth INDIA
Kauffman, J. Boone UNITED STATES
Ke, Changqing CHINA
Kearney, Michael S. UNITED STATES
Keerthana M, Keerthana INDIA
Kelletat, Dieter GERMANY
Kennedy, David AUSTRALIA
Kent, Gina UNITED STATES
Khabbaz, Hadi AUSTRALIA
Khaffou, Issam MOROCCO
Khalilabadi, Mohammad Reza IRAN (ISLAMIC RE-
PUBLIC OF)
Khan, Ansar INDIA
Khan, Afzal INDIA
Khan, Syed CHINA
Khan Chowdhury, Ahmed MALAYSIA
Khanam, Dilafroze BANGLADESH
Khanum, Farheen PAKISTAN
Kharate, Dinesh INDIA
Khonde, Niteshkumar INDIA
Khorram, Saeed UNITED STATES
Khristodas, Punya INDIA
Kiage, Lawrence UNITED STATES
Kim, Young-Taek KOREA
Kim, Yong-Rak UNITED STATES

Kim, Yongje KOREA
Kim, Yeonjoo KOREA
Kim, Yeesock UNITED STATES
Kim, Hyoseob KOREA, REPUBLIC OF
Kim, Ki Hong KOREA, REPUBLIC OF
Kim, Yoo UNITED STATES
Kimball, Matthew UNITED STATES
Kislik, Chippie UNITED STATES
Kitheka, Johnson KENYA
Kjerfve, Björn  UNITED STATES
KK, Basheer INDIA
Klein, Andrew UNITED STATES
Klein, Antonio BRAZIL
Klotsko, Shannon UNITED STATES
Knorr, Paul UNITED STATES
Knott, Jayne UNITED STATES
Knudby, Anders CANADA
Kobayashi, N. UNITED STATES
Koczur, Lianne UNITED STATES
Kolker, Alexander UNITED STATES
Kombiadou, Katerina PORTUGAL
Kong, Jun CHINA
Koohestani, Kamran IRAN (ISLAMIC REPUBLIC OF)
Kop, Aysun TURKEY
Kopp, Steve UNITED STATES
Kosmynin, Vladimir UNITED STATES
Kostecki, Robert POLAND
Kostopoulou, Elena GREECE
KR, Muraleedharan INDIA
Krafft, Douglass UNITED STATES
Kriebel, David L. UNITED STATES
Krishna Moorthy, Abarna INDIA
Krylenko, Marina RUSSIAN FEDERATION
Kubelka, Bruno BRAZIL
Kulp, Mark UNITED STATES
Kumar, Balaji INDIA
Kumar, Gonugodugu INDIA
Kumar, Jeetendra INDIA
Kumar, Abhishek INDIA
Kumar, Harish INDIA
Kumar, Tanumi INDIA
Kumar, Ritesh INDIA

Kumar, Naveen INDIA
Kumar, Uthaya INDIA
Kumaravel, Shunmugam INDIA
Kutter, Vinicius BRAZIL
L, Sarvananda INDIA
La Peyre, Megan K. UNITED STATES
Lace, Michael J. UNITED STATES
Ladah, Lydia MEXICO
LaFleur, Gary UNITED STATES
Lai, Vivien MALAYSIA
Laksanalamai, Jirat THAILAND
Laksmi, Anasya INDONESIA
Lalilti, Anass MOROCCO
Lambrechts, Jonathan BELGIUM
Lan, Tran Dinh VIET NAM
Lan, Jingyan CHINA
Landge, Asha INDIA
Lantuit, Hugues GERMANY
Laongmanee, Wirote THAILAND
Lapointe, Brian UNITED STATES
Lathrop, Richard UNITED STATES
Laton, William UNITED STATES
Launio, Cheryll PHILIPPINES
Laut, Lazaro BRAZIL
Law, Brent CANADA
Leadon, Mark UNITED STATES
Leake, John AUSTRALIA
Leal, Karine BRAZIL
Leandro, Paloma SWITZERLAND
LeBlanc, Denis UNITED STATES
Leblon, Brigitte CANADA
Lee, Wei Koon MALAYSIA
Lee, Sang Heon KOREA, REPUBLIC OF
Leege, Lisse UNITED STATES
Lees, Dennis UNITED STATES
León-Pérez, Mariana UNITED STATES
LeRoux, Nicole CANADA
Less, Diani BRAZIL
Leventeli, Yasemin TURKEY
Levy, Joshua UNITED STATES
Li, Lin UNITED STATES
Li, Luyan CHINA
Li, Wanhua CHINA
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Li, Weiqi CHINA
Li, Wenshan CHINA
Li, Wendan CHINA
Li, Weilu CHINA
Li, Zhanhai CHINA
Li, Zhen GERMANY
Li, Zhizhong CHINA
Li, Zhi CHINA
Li, Zhiyuan CHINA
Li, Zhiwei CHINA
Li, Zheng CHINA
Li, Zhongjie CHINA
Li, Zongmei CHINA
Li, Dong CHINA
Li, Xiangan CHINA
Li, Xiuzhen CHINA
Li, Xinxin UNITED STATES 
Li, Xueyan CHINA
Li, Xiaomin CHINA
Li, Xiaohui CHINA
Li, Xiaofeng UNITED STATES 
Li, Xiaoping CHINA
Li, Xiaohu CHINA
Li, Jincheng CHINA
Li, Yunyan CHINA
Li, Junjun CHINA
Li, Yun CHINA
Li, Liliang CHINA
Li, Hui CHINA
Li, Guang CHINA
Li, Fawen CHINA
Li, Qi CHINA
Li, Fenglan CHINA
Li, Shuchao CHINA
Li, Jingmei CHINA
Li, Shaowu CHINA
Li, Jialin CHINA
Li, Bowen CHINA
Li, Sa CHINA
Li, Ruixuan CHINA
Li, Yunbo CHINA
Li, Yanlong CHINA
Li, Yanbin CHINA

Liang, Bingchen CHINA
Liang, Zuodong AUSTRALIA
Liang, Chen CHINA
Liao, Chencong CHINA
Liao, Han-Teng CHINA
Liconti, Arianna UNITED KINGDOM
Lien, Che-Hui CANADA
Lim, Hwee-San MALAYSIA
Limpanont, Yanin THAILAND
Lin, Yanhong CHINA
Lin, Hai CHINA
Lin, Zhiyang GERMANY
Lin, Jianfeng SWEDEN
Lin, Jing-Hua TAIWAN
Lindhorst, Sebastian GERMANY
Lindner, Bernhard UNITED STATES
Ling, Chengpeng CHINA
Lintern, Gwyn CANADA
Lirn, Taih-Cherng TAIWAN
Lithgowa, Debora UNITED STATES
Liu, Yongxue CHINA
Liu, Yan AUSTRALIA
Liu, Yahao CHINA
Liu, Yixuan CHINA
Liu, Yun CHINA
Liu, Yuchen AUSTRALIA
Liu, Yonggang UNITED STATES
Liu, Yucheng UNITED STATES
Liu, Yubin CHINA
Liu, Huan-Wen CHINA
Liu, Ye CHINA
Liu, Hao CHINA
Liu, Jian CHINA
Liu, Zongkai CHINA
Liu, Zhiqiang CHINA
Liu, Chao CHINA
Liu, Run CHINA
Liu, Feng CHINA
Liu, JianKun CHINA
Liu, Zhulin CHINA
Liu, Bingjun CHINA
Liu, Doudou CHINA
Lloyd, Jane UNITED KINGDOM

Lohrasbi, Alireza IRAN (ISLAMIC REPUBLIC OF)
Long, Jordan UNITED STATES
Long, Joe UNITED STATES
Long, Joseph UNITED STATES
Long, Joshua H. UNITED STATES
Longhitano, Sergio ITALY
Lopez Caceres, Maximo Larry JAPAN
Lopez Portillo, Jorge MEXICO
Lorenzo Trueba, Jorge  UNITED STATES
Lowman, Heili UNITED STATES
Lu, Qingshui CHINA
Lu, Cheng-Shih TAIWAN
Lucas, Kelly UNITED STATES
Lucrezi, Serena SOUTH AFRICA
Lukkari, Kaarina FINLAND
Lunardi, Brianna CANADA
Lundine, Mark UNITED STATES
Luo, Ning UNITED STATES
Luo, Wanzhen CHINA
Luo, Hong-ming CHINA
Luo, Zhaoyang SWITZERLAND
Lütjens, Laura H. GERMANY
Luz Clara, Moira ARGENTINA
Lyu, Yihang CHINA
M, Kishore Kumar INDIA
M, Vishwas Rao INDIA
M, Balaganesan INDIA
M, Petchimuthu INDIA
M, Mehfooza INDIA
M, Mugilarasan INDIA
M, Sri Hari INDIA
M R, Bhavanjali INDIA
M S, Nithin INDIA
Ma, Lin CHINA
Ma, Ronghua CHINA
Ma, Yi CHINA
Ma, Anqing CHINA
Maatouk, Mustapha MOROCCO
Mabrouki, Jamal MOROCCO
Mac, Nhu-Binh VIET NAM
MacKay, Fiona SOUTH AFRICA
Mackenzie, Jock R. AUSTRALIA
Madonia, Paolo ITALY

Mafalda, Paulo BRAZIL
Mafi-Gholami, Davood IRAN (ISLAMIC REPUBLIC 
OF)
Magar, Vanesa UNITED KINGDOM
Magliocca, Nicholas UNITED STATES
Mahasin, M. INDONESIA
Mahdi, Honar IRAQ
Mahija, Jettiboina INDIA
Mahmood, Ahmed IRAQ
Mahmoudi Kurdistani, Sahameddin ITALY
Maitra, Saswata INDIA
Makkonen, Lasse FINLAND
Makowski, Christopher UNITED STATES
Maliao, Ronald HUNGARY
Mallinger, Rachel UNITED STATES
Manchi, Shirish INDIA
Mandang, Idris INDONESIA
Maness, Terri UNITED STATES
Manimekalai, Durairaj INDIA
Manjunathan, Mani INDIA
Mann, Michael UNITED STATES
Mann, Douglas UNITED STATES
Mann, Thomas GERMANY
Manna, Marcello ITALY
Manning, Andrew UNITED KINGDOM
Mannino, Antonio UNITED STATES
Mansfield, Kate UNITED STATES
Mao, Miaohua CHINA
Marcus, Siewert GERMANY
Mark, Ole DENMARK
Marquez-Ardiente, Dorothy Joyce PHILIPPINES
Marrack, Lisa UNITED STATES
Marshburn, Ernest UNITED STATES
Martin, Karen UNITED STATES
Martinez-Aranda, Sergio SPAIN
Marzuki, Ismail INDONESIA
Mastronuzzi, Giuseppe ITALY
Masutti, Mariana BRAZIL
Mat Saleh, Kalsom MALAYSIA
Mathan A, Mathan INDIA
Matte, Pascal CANADA
Mattei, Gaia ITALY
Mattheus, Christopher UNITED STATES
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Maurer, Andrew UNITED STATES 
Maza Fernandez, Maria Emilia SPAIN 
Mazinani, Iman MALAYSIA
Mbuh, Mbongowo UNITED STATES 
McCombs, John UNITED STATES 
McDonald, Kelsey UNITED STATES 
McEachron, Luke UNITED STATES 
McFall, Brian UNITED STATES 
McGill, Sean UNITED STATES 
McGuirk, Marita AUSTRALIA 
McIlvenny, Jason UNITED KINGDOM 
McKenna, Kimberly UNITED STATES 
Medellín, Gabriela MEXICO
Medina-Gómez, Israel MEXICO 
Meenatchisundaram, Sharumathi INDIA 
Mei, Menglei CHINA
Meli, Matteo ITALY
Mendes, Diogo PORTUGAL
Mendes Silveira, Tanya PORTUGAL 
Méndez-Tejeda , Rafael  PUERTO RICO 
Mendoza, Gabriela MEXICO
Meng, Yun CHINA
Meng, Xiao CHINA
Mense, Suraj INDIA
Mercaldi, Brooke UNITED STATES 
Mercaldo-Allen, Renee UNITED STATES 
Meury, Sydney CANADA
Meyer, David UNITED STATES 
Meyer, Brian UNITED STATES
Meyer-Arendt, Klaus UNITED STATES 
Mhammdi, Nadia MOROCCO 
Mihailov, Maria Emanuela ROMANIA 
Mikkelsen, Anna UNITED STATES 
Millan, Olivia MEXICO
Millard, Robert UNITED STATES 
Mille, Keith UNITED STATES
Miller, Deborah UNITED STATES 
Miller, Jon UNITED STATES
Milligan, Donna UNITED STATES 
Milton, Sarah UNITED STATES 
Mimoun, Harnafi MOROCCO 
Mirlean, Nicolai BRAZIL
Mitchell, Raven UNITED STATES

Mithi, Mithila BANGLADESH
Mo, Dongxue CHINA
Mogalekar H.S., Mogalekar INDIA
Mohale, Hari Prasad INDIA
Mohana, P. INDIA
Mohite, Swapnaja INDIA
Mondal, Rahul INDIA
Montes Perez, Juan SPAIN
Montiani-Ferreira, Fabiano BRAZIL
Montoya, Brina UNITED STATES
Moodie, Andrew J. UNITED STATES
Moody, Joshua UNITED STATES
Moore, Gregg Emery UNITED STATES
Moosamikandy, Sajeevan INDIA
Morales, Maria Veronica MEXICO
Moreira, Diego ARGENTINA
Moreno-Casasola, Patricia MEXICO
Morote Somontes, Giacomo PERU
Morozumi, Connor UNITED STATES
Morsy, Salem EGYPT
Moskalski, Susanne UNITED STATES
Moslehi, Maryam IRAN (ISLAMIC REPUBLIC OF)
Mosso, Cesar SPAIN
Mota, Mario UNITED STATES
Mouhoubi, Nour el Imène ALGERIA
Moura, Jailson BRAZIL
Moussa, Mahmoud GERMANY
Mu, Hongjiao CHINA
Mujiyanto, Mujiyanto INDONESIA
Mukherjee, Debasmrity INDIA
Muller, Joanne UNITED STATES
Muller-Karger, Frank UNITED STATES
Mulligan, Ryan CANADA
Muñoz Vallés, Sara SPAIN
Murugan, Malathi INDIA
Musa, Zahrah NETHERLANDS
Musaoglu, Nebiye TURKEY
Muskananfola, Max INDIA
Mustapha, Muzzneena MALAYSIA
Mustapha, Siti Zulaikha MALAYSIA
Muthupandi, Kalaiarasan INDIA
Muthusamy, Anand INDIA
Mutlu, Ekrem TURKEY

Muttashar, Wisam IRAQ
Mytheenkhan, Baba INDIA
N, Daniel INDIA
N, Manjunath INDIA
N, Talwar INDIA
N M, Anjum INDIA
Naga Kumar, Chinni INDIA
Nagamatsu, Dai JAPAN
Nagarajan, Binai INDIA
Nagdee, Mohammad BARBADOS
Nagendran G, Nagendran INDIA
Nagothi, Jesintha INDIA
Nagy, Gustavo URUGUAY
Nahirnick, Natasha CANADA
Naidu, Velamala INDIA
Naik, Deepa INDIA
Naik A S, Kumar INDIA
Nair, Sheela INDIA
Nakhawa, Ajay INDIA
Narango, Desiree UNITED STATES
Naseem, Sadaf PAKISTAN
Nasreen, Mahbuba BANGLADESH
Nasution, Zulkifli INDONESIA
Nath, Swarnaduty INDIA
Nayak, M.R. INDIA
Neelamani, Subramaniam KUWAIT
Neethirajan, Neethiselvan INDIA
Nelson, Bryan Raveen MALAYSIA
Neto de Carvalho, Carlos PORTUGAL
Neves, Maria da Graça PORTUGAL
Nezhad Naderi, Mehdi IRAN (ISLAMIC 
REPUBLIC OF)
Nguyen, Phong VIET NAM
Nicolodi, João BRAZIL
Niculescu, Simona FRANCE
Nijamir, Kafoor SRI LANKA
Nijland, Wiebe CANADA
Nimit, Kumar INDIA
Ning, Fulong CHINA
Nishi, Ryuichiro JAPAN
Nodine, Emily UNITED STATES
Nolan, Casey UNITED STATES
Nolan, Samuel E. F. AUSTRALIA

Nolte, Stefanie GERMANY
Nordio, Giovanna UNITED STATES
Nugroho, Dwiyoga INDONESIA
Nunn, Patrick AUSTRALIA
Nyman, J.A. UNITED STATES
Oakley, Bryan UNITED STATES
Ochanda, Valentine KENYA
O'Connell, Martin UNITED STATES
O'Donnell, James UNITED STATES
O'Donnell, Jennifer UNITED STATES
Oikawa, Patty UNITED STATES
Ollerhead, Jeff CANADA
Olmedo-Cobo, Jose Antonio SPAIN
Oloukoi, Joseph SENEGAL
Omidiji, Jokotola NEW ZEALAND
Omrani, Babak Shoaibi IRAQ
Orden-Mejía, Miguel SPAIN
Ortiz, Juan COLOMBIA
Ortiz-Zarragoitia, Maren SPAIN
Osland, Mike UNITED STATES
Osorio, Andres COLOMBIA
Otero Torres, Jason UNITED STATES
Otmani, Housseyn ALGERIA
Otote, Donatien CHINA
Otsuka, Amanda BRAZIL
Ozgur Kirca, V. S. TURKEY
P, Chellamanimegalai INDIA
Pacyao, John Paul PHILIPPINES
Padilha Ferreira, Gabriela BRAZIL
Padmalal, D. INDIA
Padonou, Elie BENIN
Pakrashi, Vikram IRELAND
Palaparthi, Jyothirmayi UNITED STATES
Palinkas, Cindy UNITED STATES
Palmsten, Margaret UNITED STATES
Pan, Yi CHINA
Pan, Jerónimo ARGENTINA
Pan, Haidong CHINA
Pan, Jiawei CHINA
Panda, Debabrata INDIA
Panda, Damodar INDIA
Pandi, Ganesan INDIA
Pandi, Dinagara INDIA
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Pandian, Sureshkumar INDIA
Paniagua-Arroyave, Juan Felipe COLOMBIA
Papanna, Nayana INDIA
Park, Soyoung KOREA
Park, Young Hyun KOREA
Parmar, Jeet INDIA
Parnell, Kevin ESTONIA
Parnell, Ed UNITED STATES
Patel, Akalesh INDIA
Patsch, Kiki UNITED STATES
Pattanayak, Rajib INDIA
Paul, Anurupa INDIA
Pavan Piccoli, Fabio BRAZIL
Pechsiri, Joseph SWEDEN
Peel, Joanne MEXICO
Peeters, Frank GERMANY
Pendleton, Elizabeth UNITED STATES
Perdio, Adrian PHILIPPINES
Pereira, Luci BRAZIL
Pérez-Castañeda, Roberto MEXICO
Periyasamy, Seenivasan INDIA
Periyasamy, Ramesh INDIA
Perkins, Rupert UNITED KINGDOM
Perner, Kerstin GERMANY
Peros, Matthew CANADA
Petrolia, Daniel UNITED STATES
Phillips, Paul UNITED KINGDOM
Piacesi, Pedro BRAZIL
Pickens, Bradley UNITED STATES
Piedra, Lilliana COSTA RICA
Pierro, Thomas UNITED STATES
Pilkey, Orrin UNITED STATES
Pinho, Jose PORTUGAL
Pintó, Josep SPAIN
Piriyapada, Sunida CHINA
Pitman, Sebastian NEW ZEALAND
Plomaritis, Theocharis SPAIN
Pobre, Romeric PHILIPPINES
Pokavanich, Tanuspong KUWAIT
Polette, Marcus BRAZIL
Pondella, Dan UNITED STATES
Ponmani, Muthu INDIA
Poot-Lopez, Gaspar R. MEXICO

Popoola, Olusola NIGERIA
Postacchini, Matteo ITALY
Potts, Jonathan UNITED KINGDOM
Pouladi, Mojtaba IRAN (ISLAMIC REPUBLIC OF)
Pouye, Ibrahima SENEGAL
Prabhu E, Prabhu INDIA
Prado, Michel BRAZIL
Prakash, Swadesh INDIA
Prasath, B. Balaji INDIA
Prasita, Viv INDONESIA
Prayudha, Bayu INDONESIA
Premarathna, Amal D SRI LANKA
Premathilake, Lakshitha UNITED STATES
Priestas, Anthony UNITED STATES
Pringle, Justin SOUTH AFRICA
Qi, Shanzhong CHINA
Qi, Jianhong CHINA
Qian, Ling UNITED KINGDOM
Qian, Qin UNITED STATES
Qin, Chuanxin CHINA
Qu, Zhipeng CHINA
R, Bharathi Rathinam INDIA
R, Sasi Mary Priya INDIA
R, Somu Sunder Lingam INDIA
R, Tamil Selvan INDIA
R C, Bragath INDIA
R V, Athulya INDIA
Rabehi, Walid ALGERIA
Rachold, Volker GERMANY
Radhakrishna Reddy, Chennur INDIA
Radhakrishnan, Nisha INDIA
Ragavan, Velmurugan INDIA
Rahaman, Anisur INDIA
Rahaman, Shak Md. Bazlur BANGLADESH
Rahaman, Md Tawhidur BANGLADESH
Rahim, Aulia INDONESIA
Rahman, Md Mostafizur JAPAN
Rahman, Md. Masudur BANGLADESH
Rahman, M A INDONESIA
Rahman Halim, M. Arief INDONESIA
Rajaram, Karthikeyan INDIA
Rajendran, Shalini INDIA
Rajeshwaran, Rajeshwaran INDIA

Raju, Rahul Dev UNITED STATES
Raki, Amine MOROCCO
Ram, Shidharth INDIA
Ramakrishnan, Balaji INDIA
Ramalu, Durairaja INDIA
Ramasamy, Manivanan INDIA
Ramteke, Karankumar INDIA
Randazzo, Giovanni ITALY
Rangel-Buitrago, Nelson COLOMBIA
Rani, Beulah INDIA
Ranjith, Lakshmanan INDIA
Rao, Yiyong CHINA
Rashid Sofi, Faisal INDIA
Rashidin, Md.Salamun CHINA
Rathinam, Bharathi INDIA
Rathnayake, Rathnayake Mudiyanselage Wasantha SRI 
LANKA
Ravikumar, Thangaraji INDIA
Rawat, Shoba INDIA
Raygoza, Lizeth MEXICO
Rebstock, Ginger UNITED STATES
Reef, Ruth AUSTRALIA
Refulio-Coronado, Sonia UNITED STATES
Reina, Richard AUSTRALIA
Reineman, Dan UNITED STATES
Reo, Bianca UNITED STATES
Revell, David UNITED STATES
Rey, Wilmer MEXICO
Rey, Daniel SPAIN
Rezaee, Milad IRAN (ISLAMIC REPUBLIC OF)
Ribau Mendes, Vinicius BRAZIL
Ribeiro, Victor BRAZIL
Ribeiro, Victor Vasques BRAZIL
Ridente, Domenico ITALY
Ridge, Justin UNITED STATES
Rijnsdorp, Dirk NETHERLANDS
Rios, Vitor BRAZIL
Ritt, Ben Miller UNITED STATES
Rivonker, Chandrashekher INDIA
Roberts Briggs, Tiffany UNITED STATES
Robertson, William UNITED STATES
Rochín, Heriberto MEXICO
Rodcharoen, Eknarin THAILAND

Rodgers, LeRoy UNITED STATES
Rodríguez Paneque, Ridel CHILE
Roelvink, Dano NETHERLANDS
Rogers, Erick UNITED STATES
Rogers, Jeff UNITED STATES
Roman Rivera, Mayra A. UNITED STATES
Rombot, Diva Adela Emelia INDONESIA
Romine, Bradley M. UNITED STATES
Rooney, P. UNITED KINGDOM
Rosa Santos, Paulo PORTUGAL
Rosales-Casian, Jorge MEXICO
Roseli, Nur Hidayah MALAYSIA
Roshan, Hafeef INDIA
Roshandel, Sajjad CHINA
Roy, Tuhin BANGLADESH
Rozaimi, Mohammad MALAYSIA
Rua, Alex COLOMBIA
Rueda-Bayona, Juan COLOMBIA
Ruggiero, Peter UNITED STATES
Ruiz-Campos, Gorgonio MEXICO
Runnels, Randy UNITED STATES
Rusenko, Kirt UNITED STATES
Rybczyk, John UNITED STATES
S, Abuthagir Iburahim INDIA
S, Balaji INDIA
S, Buckle INDIA
S, mariappan INDIA
S, Ramkumar INDIA
S, Sundhar INDIA
S K, Girisha INDIA
Saad, Raghda LEBANON
Saayman, Andrea SOUTH AFRICA
Sable, Shaye UNITED STATES
Sabuncu, Asli TURKEY
Sadhukhan, Koushik INDIA
Safak, Ilgar TURKEY
Saha, Rupayan UNITED STATES
Saha, Deepanjana INDIA
Saher, Noor Us PAKISTAN
Sahoo, Lakshman INDIA
Sahu, Adyasha INDIA
Saint-Amand, Antoine UNITED STATES
Saintilan, Neil AUSTRALIA
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Sakthivel, Kollimalai INDIA
Sala, Murugan INDIA
Salas Perez, Jose de Jesus MEXICO
Salim, Mohammed INDIA
Salmon, Michael UNITED STATES
Samaras, Achilleas ITALY
Samayam, Satish INDIA
Sambah, Abu Bakar INDONESIA
Samet, Komeil IRAN (ISLAMIC REPUBLIC OF)
Sánchez de Pedro, Raquel SPAIN
Sander, Lasse DENMARK
Sangma, Picko Sanggrik INDIA
Sankar, Ravi CANADA
Santander-de Leon, Sheila Mae PHILIPPINES
Santidrián-Tomillo, P. COSTA RICA
Santinelli, Veronica ITALY
Santos, Marcelo BRAZIL
Santos, Alejandra BRAZIL
Santos, Thuareag BRAZIL
Sapkota, Yadav UNITED STATES
Saponieri, Alessandra ITALY
Sari, Nilam INDONESIA
Sarkar, Soumyabrata INDIA
Sarkar, Sujahangir MALAYSIA
Sarker, Zaman UNITED KINGDOM
Saroj, Jyoti INDIA
Sarti, Massimo ITALY
Sathasivam, Sathish INDIA
Sauvé, Philippe CANADA
Savarese, Michael UNITED STATES
Savidge, Dana K. UNITED STATES
Savidge, William UNITED STATES
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   The Coastal Education & Research Foundation 
[CERF] graciously thanks you for your membership 
and involvement in our international society. We 
hope that you have enjoyed this latest edition of Just 
CERFing, our society’s official newsletter. As mentioned 
previously, we encourage the worldwide communication 
of our members through the Just CERFing newsletter. 

  If you have any news or announcements to feature in our 
newsletter, please send your request or inquiries directly to: 
cerf.jcr@gmail.com

 CERF continues to provide our members with the 
most up-to-date, professional features of the society. We 
encourage you to please visit our Foundation’s website at 
http://www.cerf-jcr.org to see all the new content that has 
been added.

Next issue of Just CERFing 
coming July - Aug 2025.
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