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Policy Context

This document establishes the policies of the South Atlantic Fishery Management
Council (SAFMC) regarding protection of essential fish habitat (EFH) and habitat areas
of particular concern (EFH-HAPCs) impacted by beach renourishment (dredge-and-fill
activities), and related large-scale coastal engineering projects (e.g., beach scraping).
The policies are designed to be consistent with the overall habitat protection policies of
the SAFMC as formulated and adopted in the Habitat Plan (SAFMC, 1998a), the
Comprehensive EFH Amendment (SAFMC, 1998b) and Fishery Ecosystem Plan
(SAFMC, 2009). This document is not intended to supersede any other applicable state
or federal policy or regulation pertaining to beach dredge-and-fill projects but is
intended to complement existing policies or regulations for the benefit of protecting
essential fish habitat managed by the SAFMC.

The findings presented below assess the threats to EFH potentially related to large-
scale dredging and placement of sediments in the coastal ocean and adjacent habitats,
and the processes whereby those resources are placed at risk. The policies established
in this document are designed to avoid, minimize and offset damage caused by these
activities, in accordance with the general habitat policies of the SAFMC as mandated
by law.

EFH at Risk from Beach Renourishment

The SAFMC finds:

1) In general, frequent and widespread beach renourishment projects (dredge-and-fill) occurring
in the United States southeast constitute a real and significant threat to EFH under the
jurisdiction of the SAFMC. Coastal communities are strongly encouraged to evaluate the full
range of alternatives, including retreat, to these types of projects when addressing beach erosion
and-seatevelrise.



2) The cumulative adverse effects of these projects, especially in relation to increasing frequency
of activity, change in season of activity, and recovery from these activities, have not been
adequately assessed, including impacts to public trust marine and estuarine resources, state and
federally protected species, and SAFMC-designated EFH and EFH-HAPCs. Long-term
geoengineering of the southeastern coastline is being conducted without review of the collective
consequence of these activities (Armstrong and Lazarus, 2019; Staudt et al., 2021).

3) The majority (74%) of the U.S. Atlantic coastline is less than 16 km from a large-
scale beach renourishment project that has the potential to impact a variety of habitats
(Armstrong and Lazarus, 2019; Miselis et al, 2021), including:

a) waters and benthic habitats in and near the dredging sites

b) waters between dredging and filling sites

c) waters and benthic habitats in and near the fill sites, and

d) waters and benthic habitats affected by movement of sediments and subsequent
to deposition in fill areas.

4) While some environmental research studies have been completed for select beach
renourishment activities in the southeast, these have often been limited by small sample size,
short duration or inconsistent sample design (Bergquist and Crowe, 2009). Historically, emphasis
has been placed on the logistics of dredging and economics, with environmental considerations
dominated by compliance with the Endangered Species Act for sea turtles, shore birds, Atlantic
sturgeon and other listed organisms. Less emphasis has been placed on the hundreds of other
species affected, many with direct and significant fishery value.

5) Although minimization strategies have been developed for beach renourishment activities,
such as those listed below as Best Management Practices, increasing demand for more and
frequent renourishment activities from a growing number of coastal communities have increased
pressure to locate borrow areas for sand mining in vulnerable habitats, such as ebb-tide deltas,
allowing insufficient time for recovery (if recovery is even possible), and conducting activities
during periods of high biological activity (Manning et al., 2014; Crowe et al., 2016; Woodbridge
et al., 2016; Johnson et al., 2020ab; Staudt et al., 2021).

6) Large sections of South Atlantic coastal waters potentially affected by these projects, both
individually and collectively, have been identified as EFH or EFH-HAPC by the SAFMC, Mid-
Atlantic Fishery Management Council (MAFMC), and National Marine Fisheries Service -
Highly Migratory Species (HMS). Potentially affected species and their EFH under federal
management include (SAFMC, 1998b):

a) summer flounder (various nearshore waters, including the surf zone and inlets; certain
offshore waters)

b) bluefish (various nearshore waters, including the surf zone and inlets)

¢) many snapper and grouper species (live hardbottom from shore to 600 feet, and — for
estuarine-dependent species [e.g., gag grouper and gray snapper]| — unconsolidated
bottoms and live hardbottoms to the 100 foot contour).

d) black sea bass (various nearshore waters, including unconsolidated bottom
and live hardbottom to 100 feet, and hardbottoms to 600 feet)



e) penaeid shrimp (offshore habitats used for spawning and growth to maturity,
and waters connecting to inshore nursery areas, including the surf zone and
inlets)

f) coastal migratory pelagics [e.g., king mackerel, Spanish mackerel] (sandy shoals
of capes and bars, barrier island ocean-side waters from the surf zone to the shelf
break inshore of the Gulf Stream; all coastal inlets)

g) corals of various types (hard substrates and muddy, silt bottoms from the subtidal
to the shelf break)

h) areas identified as EFH for Highly Migratory Species (HMS) managed by
the Secretary of Commerce (e.g., sharks: inlets and nearshore waters,
including pupping and nursery grounds).

1) numerous species of crustaceans, mollusks, and annelids that are not directly
managed, but form a large part of critical prey base for most managed
species, are killed or otherwise directly or indirectly affected by large
dredge-and-fill projects (Greene, 2002).

7) Beach renourishment projects also potentially threaten important habitats for anadromous
species under federal, interstate and state management (in particular, inlets and offshore
overwintering grounds), as well as other critical habitats for weakfish and other species managed
by the Atlantic States Marine Fisheries Commission (ASMFC) and the states.

8) Many of the habitats potentially affected by these projects have been identified as EFH-
HAPCs by the SAFMC. The specific fishery management plan is provided in parentheses:

a) all nearshore hardbottom areas, artificial reefs and Special Management Zones (SAFMC,
snapper grouper).

b) all coastal inlets (SAFMC, penaeid shrimps, and snapper grouper).

c) near-shore spawning sites (SAFMC, penaeid shrimp).

d) benthic Sargassum (SAFMC, snapper grouper).

e) from shore to the ends of the sandy shoals of Cape Lookout, Cape Fear, and
Cape Hatteras, North Carolina; Hurl Rocks, South Carolina; Phragmatopora
(worm reefs) reefs off the central coast of Florida and nearshore hardbottom
south of Cape Canaveral (SAFMC, coastal migratory pelagics).

f) Florida Bay, Biscayne Bay, Card Sound, and coral hardbottom habitat
from Jupiter Inlet through the Dry Tortugas, Florida (SAFMC, Spiny
Lobster)

g) Hurl Rocks (South Carolina), The Phragmatopoma (worm reefs) off central east
coast of Florida, nearshore (0-4 meters; 0-12 feet) hardbottom off the east coast
of Florida from Cape Canaveral to Broward County; offshore (5-30 meters; 15-
90 feet) hardbottom off the east coast of Florida from Palm Beach County to
Fowey Rocks; Biscayne Bay, Florida; Biscayne National Park, Florida; and the
Florida Keys National Marine Sanctuary (SAFMC, Coral, Coral Reefs and Live
Hardbottom Habitat).

h) EFH-HAPCs designated for HMS species (e.g., sharks) in the South
Atlantic region (NMFS, Highly Migratory Species).



9) Habitats likely to be affected by beach renourishment projects include many recognized in
state-level natural resource management plans. Examples of these habitats include designated
fish habitats (Primary and Secondary Nursery habitats, Anadromous Fish Spawning Areas and
Crab Sanctuaries) established by the North Carolina Marine Fisheries Commission, either in
species-specific Fishery Management Plans (FMPs) or in the North Carolina Coastal Habitat
Protection Plan (DEQ 2016).

Threats to Marine and Estuarine Resources from Beach Renourishment Activities and
Related Large Coastal Engineering Projects

The SAFMC finds that beach renourishment activities (dredge-and-fill) and related large-scale
coastal engineering projects (including inlet alteration projects) and placement of material for
navigational maintenance, threaten or potentially threaten EFH through the following
mechanisms:

1) Direct mortality, displacement, and altered community structure of benthic organisms
and habitats including submerged aquatic vegetation at and near sediment dredging sites
(Van Dolah et al., 1992; Wilber and Stern, 1992; Van Dolah et al., 1994; Jutte et al.,
1999a and b; Greene, 2002; Byrnes et al., 2004a and b; Diaz et al., 2004; Bergquist et
al., 2009)

2) Direct mortality of fish larvae, as well as other planktonic and nektonic organisms at
and near sediment dredging sites due to entrainment and decreased water quality.
(Olney and Bilkovic, 1998; Wilber and Clarke, 2001, Greene, 2002).

3) Direct mortality, displacement, and altered community structure of invertebrates, and
nekton, at or near initial sediment fill sites (Rakocinski et al., 1996; Peterson et al.,
2000a; Greene, 2002; Posey and Alphin, 2002; Peterson et al. 2000b; Peterson ef al.
2006; Colosio et al., 2007; Lewis et al., 2012; Schlacher et al. 2012; Speybroeck et al.,
2006; Van Tomme et al., 2013; Johnson et al., 2020ab)

4) Elevated turbidity and deposition of fine sediments result in:

e stress or mortality to organisms downstream or down-current from dredging
sites adversely altering water quality, impacting larval transport and smothering
coral and live hardbottom habitat (Dodge ef al., 1974; Jordan et al., 2010)

e temporary decreased primary productivity at dredged sites due to greater depths
(Greene, 2002)

e cspecially in the surf zone, and downstream deposition of fine sediment down-
current from initial fill sites (Peterson et al., 2000a and b; Greene, 2002;
Speybroeck et al., 2006).

5) Stress or mortality to organisms downstream due to elevated turbidity and deposition
of fine sediments down-current from dredging sites adversely altering water quality,
larval impacts and smothering coral (Dodge et al., 1974; Jordan et al., 2010).



6) Alteration of seafloor topography and associated current and waves patterns and magnitudes
at dredging areas (Greene, 2002; Blake et al., 1996; Byrnes et al. 2004a and b; Maa et al., 2004,
Finkl and Hobbs, 2009). W

7) Alteration of seafloor sediment size-frequency distributions at dredging sites, with
secondary effects on benthos at those sites (Van Dolah et al., 1992; Van Dolah et al.,
1994; Van Dolah et al., 1998; Jutte and Van Dolah, 1999 and 2001; Jutte et al., 2001;
Greene, 2002; Jutte et al., 199a and b; Diaz et al., 2004; Nairn et al., 2004; Bergquist et
al.,2009; Xu et al., 2014)

8) Decreased primary productivity at dredged sites due to greater depths and increased
turbidity (Greene, 2002)

9) Increased deposition of fine-grained sediments and organic matter in dredged areas,
potentially resulting in decreased dissolved oxygen and increased hydrogen sulphide
levels (Greene, 2002; Byrnes ef al., 2004a and b; Bergquist et al., 2009)9) Adverse
impacts due to Elevated turbidity in and near initial fill sites, especially in the surf
zone, and downstream deposition of fine sediment down-current from initial fill sites
(Peterson et al., 2000a and b; Greene, 2002; Speybroeck et al., 2006).

10) Alteration of nearshore topography and current and wave patterns and
magnitudes associated with fill (Greene, 2002; Benedet et al. 2004; Speybroeck et
al., 2006; Hartog et al., 2008)

11) Movement of deposited sediment away from initial fill sites, especially onto
hardbottoms (Greene, 2002; Speybroeck et al., 2006; Jordan et al., 2010)

12) Alteration of large-scale sediment budgets, sediment movement patterns and
feeding and other ecological relationships, including the potential for cascading
disturbance effects (Peterson et al., 2000a; Greene, 2002; Benedet et al., 2004; Nairn et
al., 2004; Speybroeck et al., 2006)

13) Alteration of large-scale movement patterns of water, with secondary effects on
water quality and biota (Greene, 2002; Nairn et al., 2004; Hartog et al., 2008)

14) Temporary alteration of movement patterns and successful inlet passage for
larvae, post-larvae, juveniles and adults of marine and estuarine organisms (Greene,
2002; Ross and Lancaster, 2002)

15) Alteration of long-term shoreline migration patterns (inducing further
ecological cascades with consequences that are difficult to predict) (Greene, 2002).
While the surf zone usually appears to be a continuous, large, linear habitat,
juvenile fishes may reside for long periods in relatively small sections of the surf
zone before moving along the shore later in life (Ross and Lancaster, 2002). This
lack of movement in the face of dredge and fill impacts may increase mortality and
disrupt normal movement patterns.



16) Exacerbation of suspension and/or biological uptake of toxicants and other
pollutants released at either dredge or fill sites (Greene, 2002)

In addition, the interactions between cumulative and direct (sub-lethal) effects among the above
factors likely trigger non-linear impacts that are completely unstudied.

SAFMC Best Management Practices for Beach Renourishment Projects and Related Large

Coastal Engineering Projects

The SAFMC establishes the following best management practices for unavoidable beach
renourishment and related large-scale coastal engineering projects, to clarify and augment the
general policies already adopted in the Habitat Plan and Comprehensive Habitat Amendment
(SAFMC 1998a; SAFMC 1998b):

1)

2)

In general, frequent and widespread beach renourishment projects (dredge and
fill) occurring in the United States southeast together constitute a real and
significant threat to EFH under the jurisdiction of the SAFMC. Coastal
communities are strongly encouraged to evaluate the full range of alternatives,
including retreat, to these types of projects when addressing erosion and sea
level rise.

For each project, a comprehensive environmental document should be prepared
based on the best available information, and should include:

a) Defined areas of direct and indirect impact, using guidance provided in 40
CFR Section 1508.8 Effects. Areas of direct impact should at a minimum
include the borrow sites (dredged or mined areas), the beach/nearshore sites (fill
areas), and the Equilibrated Toe of Fill. Areas of indirect impact should at a
minimum include the areas adjacent to direct impact areas that would be affected
by indirect project impacts.

b) Baseline surveys designed with appropriate methodology to adequately
document pre-project conditions for biological, physical and water resources in
both direct and indirect impact areas. Baseline surveys should follow the BACI
(Before- After, Control-Impact) sampling framework (Stewart-Oaten 1986).
Biological resources at a minimum include benthic infauna and epifauna, SAV,
hard bottom habitat, hard bottom-dependent species, coral reef habitat, and coral
reef- dependent species (e.g., corals, octocorals). Physical and water resources at
a minimum include topography, bathymetry, water quality (turbidity,
sedimentation, total suspended solids and dissolved oxygen) and sediment
characteristics (grain size, sorting, and mineralogy).

c) An analysis of alternatives, including alternatives that may minimize future
need for additional nourishment activities (e.g., sand bypass), to include the
following components:

1. Identification of avoidance and minimization efforts.



i1. Identification of the direct and indirect project impacts that cannot be avoided or
minimized, using appropriately designed baseline surveys identified in ¢) above.

iii. Identification of cumulative impacts that at a minimum includes
impacts associated with other beach dredge-and-fill projects, as well as
any other large-scale coastal engineering projects that are both
geographically and ecologically related.

d) A during-construction monitoring plan as deemed necessary for a specific
project, designed with appropriate methodology to adequately detect and
document both direct and indirect project impacts. Monitoring plans should
follow the BACI sampling framework.

e) A post-construction monitoring plan for biological, physical and water
resources designed with appropriate methodology to adequately detect and
document both direct and indirect project impacts. Monitoring plans should
follow the BACI sampling framework. Post-construction monitoring should
include quantitative comparisons of abundance, biomass, species diversity, and
community composition in direct and indirect impact area and reference
(control) areas before and after dredge-and-fill operations.

2) Fill material should match the sediment characteristics of the recipient beach as
closely as possible and consider placement in a manner that maximizes recovery.

3) Dredging should be limited to bathymetric peaks (rather than depressions or level sea
bottom) in areas characterized by strong currents and sand movement, in order to
increase sediment infilling rates and decrease the duration of impacts to benthic
habitats.

4) The depth of material removed, and the depth the sediment surface is lowered by the
act of sediment removal, should be limited to the shallowest depths possible to minimize
changes in wave energy and currents, thus reducing the likelihood of infilling with fine-
grained sediments. Physical oceanographers with local knowledge should be consulted
for this item.

5) In areas with seasonal benthic recruitment periods, beach renourishment and large-
scale coastal engineering activities should be conducted during periods of low biological
activity (environmental windows), for example, ahead of spring/summer benthic
recruitment periods, to allow maximum recovery of adversely impacted communities.

6) Habitats designated as EFH-HAPC or recognized in state-level natural resource
management plans should not be used as borrow areas for sand mining.

Research Needs

The SAFMC encourages the funding of scientific research on the following topics:



1) An analysis of the extended spatial and temporal dimensions of these beach
renouishment (dredge-and-fill) projects combined with other large-scale coastal
engineering projects, within the SAFMC geographic range.

2) Cumulative impacts, on productivity and biomass of nearshore ecosystems, occurring as a
result of beach renourishment (dredge-and-fill) activities. Specifically, a meta-analysis which
incorporates both spatial and temporal dimensions.

3) Appropriate compensatory mitigation for beach renourishment and borrow (sand
mining) area impacts.

4) Better understanding of movement and feeding patterns of species using the surf zone.
Literature Cited

Armstrong, S. B., and Lazarus, E. D. (2019). Masked shoreline erosion at large spatial
scales as a collective effect of beach nourishment. Earth's Future, 7,74-84.
https://doi.org/10.1029/2018EF001070

Benedet, L. C, W. Finkl, T. Campbell, and A. Klein. 2004. Predicting the effect of beach
nourishment and cross-shore sediment variation on beach morphodynamic assessment.
Coastal Engineering 51:839-861.

Bergquist, D.C., Crowe, S.E., Levisen, M., Van Dolah, R.F., 2009. Change and Recovery of
Physical and Biological Characteristics of the Borrow Area Impacted by the 2007 Folly Beach
Emergency Renourishment Project. Final Report, prepared by the South Carolina Marine
Resources Research Institute, South Carolina Marine Resources Division, Charleston, SC for the
US Army Corps of Engineers, Charleston District, p. 70.

Bergquist, D.C. and S. Crowe. 2009. Using Historical Data and Meta-analyses to
Improve Monitoring and Management of Beach Nourishment in South Carolina. Final
Report. Submitted to South Carolina Department of Health and Environmental
Control, Office of Ocean and Coastal Resource Management.

Blake, N.J., L.J. Doyle, and J.J. Culter. 1996. Impacts and direct effects of sand dredging
for beach renourishment on the benthic organisms and geology of the west Florida shelf.
Contract #14-35-0001-30644. US Dept. of Interior, MMA, Office of International
Activities and Marine Minerals. 109 p.

Byrnes, M.R., R.M. Hammer, T.D. Thibaut, and D.B. Snyder. 2004a. Effects of sand
mining on physical processes and biological communities offshore New Jersey, U.S.A.
Journal of Coastal Research 20(1): 25-43.

Byrnes, M.R., R.M. Hammer, T.D. Thibaut, and D.B. Snyder. 2004b. Physical and
biological effects of sand mining offshore Alabama, U.S.A. Journal of Coastal Research
20(1): 6-24.


https://doi.org/10.1029/2018EF001070

CSA International, Inc. 2009. Ecological functions of nearshore hardbottom habitat in
east Florida: A literature synthesis. Prepared for the Florida Department of
Environmental Protection Bureau of Beaches and Coastal Systems, Tallahassee, FL.
186 pp. plus appendices.
http://www.dep.state.fl.us/beaches/publications/pdf/EFNHBE.pdf

Colosio, F., Abbiati, M., Airoldi, L., 2007. Effects of beach nourishment on sediments
and benthic assemblages. Marine Pollution Bulletin 54: 1197-1206.

Crowe, S.E.; Bergquist, D.C.; Sanger, D.M., and Van Dolah, R.F., 2016. Physical and
biological alterations following dredging in two beach nourishment borrow areas in
South Carolina's coastal zone. Journal of Coastal Research, 32(4): 875-889.

DEQ 2016. North Carolina Beach and Inlet Management Plan — Final Report.
December 2016.

Diaz, R. J., G. R. Cutter, Jr., and C. H. Hobbs. 2004. Potential Impacts of Sand Mining
Offshore of Maryland and Delaware: Part 2-Biological Considerations. Journal of
Coastal Research 20(1): 61-69.

Dodge, R.E., R.C. Aller and J. Thomson. 1974. Coral growth related to resuspension of
bottom sediments. Nature 247: 574-576.

Finkl, C.W. and C.H. Hobbs, III. 2009. Mining sand on the continental shelf of the Atlantic and
Gulf coasts of the U.S. Marine Georesources and Geotechnology 27: 230-253.

Greene, K. 2002. Beach Nourishment: A Review of the Biological and Physical Impacts: Habitat
Management Series, Volume 7. Washington. D.C., Atlantic States Marine Fisheries
Commissions.

Hackney, C.T., M. Posey, S. Ross and A. Norris. 1996. A review and synthesis of data on surf
zone fishes and invertebrates in the South Atlantic Bight and the potential impacts from beach
renourishment. Report to the U.S. Army Corps of Engineers, Wilmington District.

Hartog, W.M., L. Benedet, D.R. Walstra, M. van Koningsveld, M.J. F. Stive, and C.W. Finkl.
2008. Mechanisms that influence the performance of beach nourishment: A case study in Delray
Beach, Florida, U.S.A. Journal of Coastal Research:24: 1304-1319.

Johnson, S., Tweel, A., and J. Cowan. 2020a. Change and Recovery of Physical and Biological
Characteristics of the Folly Island Subtidal Surf Zone in Response to the 2018 Emergency
Nourishment Project. Prepared by the Marine Resources Division, South Carolina Department
of Natural Resources for the U.S. Army Corps of Engineers, Charleston District.

Johnson, S., Tweel, A., and N. Shea. 2020b. Folly Beach Benthic Production Assessment.
Prepared by the Marine Resources Division, South Carolina Department of Natural Resources
for the NOAA, National Marine Fisheries Service, Habitat Conservation Division.


http://www.dep.state.fl.us/beaches/publications/pdf/EFNHBE.pdf
http://www.dep.state.fl.us/beaches/publications/pdf/EFNHBE.pdf
http://www.dep.state.fl.us/beaches/publications/pdf/EFNHBE.pdf

Jordan, L.K.B., K.W. Banks. L.E. Fisher, B.K. Walker, and D.S. Gilliam. 2010. Elevated
sedimentation on coral reefs adjacent to a beach nourishment project. Marine Pollution Bulletin
20:261-271

Jutte, P.C. and R.F. VanDolah. 1999. An Assessment of Benthic Infaunal Assemblages and
Sediments in the Joiner Bank and Gaskin Banks Borrow Areas for the Hilton Head Beach
Renourishment Project. Final Report — Year 1. Prepared by the Marine Resources Division,
South Carolina Department of Natural Resources for Olsen Associates, Inc. And the Town of
Hilton Head Island.

Jutte, P.C., R.F. Van Dolah and M.V. Levisen. 1999a. An environmental monitoring study of the
Myrtle Beach Renourishment Project: Physical and biological assessment of offshore sand
borrow sites - Phase I. - Cherry Grove to North Myrtle Beach. Final Report. Prepared by the
Marine Resources Division, South Carolina Department of Natural Resources for U.S. Army
Corps of Engineers, Charleston, S.C.

Jutte, P.C., R.F. Van Dolah, and M.V. Levisen. 1999b. An environmental monitoring study of
the Myrtle Beach Renourishment Project: Intertidal benthic community assessment of Phase II.-
Myrtle Beach. Supplemental Report. Prepared by the Marine Resources Division, South Carolina
Department of Natural Resources for U.S. Army Corps of Engineers, Charleston, S.C.

Jutte, P.C. and R. Van Dolah. 2001. An environmental monitoring study of the Myrtle Beach
Renourishment Project: Physical and biological assessment of offshore sand borrow sites - Phase
II. Cane South borrow area. Final Report. Prepared by the Marine Resources Division, South
Carolina Department of Natural Resources for U.S. Army Corps of Engineers, Charleston, S.C.

Jutte, P.C., L.E. Zimmerman, and R. Van Dolah. 2001. An environmental monitoring study of
the Myrtle Beach Renourishment Project: Physical and biological assessment of offshore sand
borrow sites - Phase III.- Surfside borrow area. Final Report. Prepared by the Marine Resources
Division, South Carolina Department of Natural Resources for U.S. Army Corps of Engineers,
Charleston, S.C.

Leewis, L., P.M. van Bodegom, J. Rozema, and G.M. Janssen. 2012. Does beach nourishment
have long-term effects on intertidal macroinvertebrate species abundance? Estuarine, Coastal and
Shelf Science 113: 172-181.

Maa, J.P-Y., C. H. Hobbs, III, S.C. Kim, and E. Wei. 2004. Potential impacts of sand mining
offshore of Maryland and Delaware: Part 1 — Impacts on Physical Oceanographic Processes. J.
Coastal Research 20: 44-60.

Manning, L.M., Peterson, C.H. , and M.J. Bishop. 2014. Dominant macrobenthic populations
experience sustained impacts from annual disposal of fine sediments on sandy beaches. Mar.

Ecol. Prog. Ser., 508, pp. 1-15.

Miselis, J.L., Flocks, J.G., Zeigler, S., Passeri, D., Smith, D.R., Bourque, J., Sherwood, C.R.,
Smith, C.G., Ciarletta, D.J., Smith, K., Hart, K., Kazyak, D., Berlin, A., Prohaska, B., Calleson,

10



T., and K. Yanchis. 2021. Impacts of sediment removal from and placement in coastal barrier
island systems. U.S. Geological Survey Open-File Report 2021-1062, 94 p., https://doi.org/
10.3133/ 0fr20211062.

Nairn, R., J.A. Johnson, D. Hardin, and J. Michel. 2004. A biological and physical monitoring
program to evaluate long-term impacts from sand dredging operations in the United States outer
continental shelf. Journal of Coastal Research 20(1): 126-137.

Olney, J., Sr. and Bilkovic, D.M., 1998. Literature survey of reproductive finfish and
icthyoplankton present in the proposed sand mining locations within the middle Atlantic bight.
In: Hobbs, C. H., 111, (Project Manager) 2000, Environmental Survey of Potential Sand Resource
Sites Offshore Delaware and Maryland, Final Project Report to the Minerals Management
Service, OCS Study 2000-055, Virginia Institute of Marine Science, Gloucester Point, VA.

Peterson, C.H., D.H.M. Hickerson and G.G. Johnson. 2000a. Short-term consequences of
nourishment and bulldozing on the dominant large invertebrates of a sandy beach. J. Coastal Res.
16(2): 368-378.

Peterson C.H., H.C. Summerson, E. Thomson, H.S. Lenihan, J. Grabowski, L. Manning, F.
Micheli, G. Johnson. 2000b. Synthesis of linkages between benthic and fish communities as a
key to protecting essential fish habitat. Bull. Mar. Sci. 66: 759— 774.

Peterson, C.H., Bishop, M.J., Johnson, G.A., D’Anna, L.M., Manning, L.M., 2006. Exploiting
beach filling as an unaffordable experiment: benthic intertidal impacts propagating upwards to
shorebirds. Journal of Experimental Marine Biology and Ecology 338: 205-221.

Posey, M. and T. Alphin. 2002. Resilience and stability in an offshore benthic community:
Responses to sediment borrow activities and hurricane disturbance. J. Coastal Research 18(4):
685-687.

Rakocinski, C.F., R.W. Heard, S.E. LeCroy, J.A. McLelland, and T. Simons. 1996. Responses
by macrobenthic assemblages to extensive beach restoration at Perdido Key, Florida, U.S.A.
Journal of Coastal Research 12(1): 326-353.

Ross, S.W. and J.E. Lancaster. 2002. Movements and site fidelity of two juvenile fish species
using surf zone nursery habitats along the southeastern North Carolina coast. Env. Biol. Fish.
63:161-172.

Schlacher, T.A., R. Noriega, A. Jones, and T. Dye. 2012. The effects of beach nourishment on
benthic invertebrates in eastern Australia: Impacts and variable recovery. Science of the Total
Environment, pp. 411-417.

SAFMC (South Atlantic Fishery Management Council). 1998a. Final habitat plan for the South

Atlantic region: Essential Fish Habitat requirements for fishery management plans of the South
Atlantic Fishery Management Council. 457 pp. plus appendices.

11



SAFMC (South Atlantic Fishery Management Council). 1998b. Final Comprehensive
Amendment Addressing Essential Fish Habitat in Fishery Management Plans of the South
Atlantic Region. Including a Final Environmental Impact Statement /Supplemental
Environmental Impact Statement, Initial Regulatory Flexibility Analysis, Regulatory Impact
Review, and Social Impact Assessment/Fishery Impact Statement. South Atlantic Fishery
Management Council, 1 Southpark Circle, Ste 306, Charleston, S.C. 29407-4699. 136 pp.

SAFMC (South Atlantic Fishery Management Council). 2009. Fishery Ecosystem Plan
of the South Atlantic Region. South Atlantic Fishery Management Council, 4055
Faber Place Drive, Ste 201, North Charleston, SC 29405.

Speybroeck, J., Bonte, D., Courtens, W., Gheskiere, T., Grootaert, P., Maelfait, J.-P., Mathys,
M., Provoost, S., Sabbe, K., Stienen, E. W.M., Lancker, V. V., Vincx, M. and Degraer, S. 2006.
Beach nourishment: an ecologically sound coastal defence alternative? A review. Aquatic
Conservation: Mar. Freshw. Ecosyst. 16: 419-435.

Staudt, F., Gijsman, R., Ganal, C., Mielck, F., Wolbring, J., Hass, H., Goseberg, N.,
Schiittrumpf, H., Schlurmann, T., and Schimmels, S. (2021). The sustainability of beach
nourishments: a review of nourishment and environmental monitoring practice. Journal of
Coastal Conservation. 25. https://link.springer.com/article/10.1007/s11852-021-00801-y

Van Dolah, R.F., P.H. Wendt, R. M. Martore, M.V. Levisen, and W.A. Roumillat. 1992. A
Physical and Biological Monitoring Study of the Hilton Head Beach Nourishment Project.

Unpublished report prepared by South Carolina Wildlife and Marine Resources Department for
Town of Hilton Head Island, S.C.

Van Dolah, R.F., R.M. Martore, A.E. Lynch, M.V. Levisen, P.H. Wendt, D.J. Whitaker, and
W.D. Anderson. 1994. Final Report: Environmental Evaluation of the Folly Beach Nourishment
Project. U.S. Army Corps of Engineers, Charleston District, Charleston, SC.

Van Dolah, R.F., B.J. Digre, P.T. Gayes, P. Donovan-Ealy, and M.W. Dowd. 1998. An
evaluation of physical recovery rates in sand borrow sites used for beach nourishment projects in
South Carolina. Final Report, Marine Resources Research Institute, South Carolina Marine
Resources Division, Charleston, South Carolina Center for Marine and Wetland Studies, Coastal
Carolina University, Conway, South Carolina; U.S. Army Corps of Engineers, Charleston
District, South Carolina submitted to the Minerals Management Service. 77 pp.

Van Tomme, J., S.V. Eede, J. Speybroeck, S. Degraer, and M. Vincx. 2013. Macrofaunal
Sediment selectivity considerations for beach nourishment programmes. Marine Environmental
Research 84: 10-16.

Wilber, D.H., and Clarke, D.G. 2001. Biological effects of suspended sediments: a review of

suspended sediment impacts on fish and shellfish with relation to dredging activities in estuaries.
North American Journal of Fisheries Management, 21(4): 855-875.

12


https://link.springer.com/article/10.1007/s11852-021-00801-y

Wilber, P. and Stern, M. 1992. A re-examination of infaunal studies that accompany beach
nourishment projects. Proc. 1992 Natl. Conf. Beach Preserv. Tech. pp: 242-256.

Wooldridge T, Henter HJ, Kohn JR (2016) Effects of beach replenishment on intertidal
invertebrates: a 15-month, eight beach study. Estuar Coast Shelf Sci 175:24-33.
https://doi.org/10.1016/j.ecss.2016.03.018

Xu, K., D. Sanger, G. Riekerk, S. Crowe, and R.F. Van Dolah. 2014. Seabed texture and
composition changes offshore of Port Royal Sound, South Carolina before and after the dredging
for beach nourishment. Estuarine, Coastal and Shelf Science 149: 57-67.

13


https://doi.org/10.1016/j.ecss.2016.03.018

