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Executive Summary 

 
Sandy beaches perform critical habitat functions and link marine and terrestrial 
food webs. Sandy beaches provide habitat for several hundred invertebrates, 
shorebirds, forage fish, sea turtles and marine mammals. Sandy beaches provide 
habitat functions including reproduction, nesting, nursing, foraging and shelter. 
However, sandy beach ecology is unknown to most policy-makers. Decision-
making for beach management rarely acknowledges the ecological value of sand. 
Instead, sandy beaches are managed to maximize economic welfare or to protect 
property and structure. Beaches are rarely managed as critical habitat or 
complex ecosystems. Policies allowing for built shorelines, overwater structures, 
beach grooming, and beach fill inherently fail to recognize the ecological value 
of sandy beaches. These projects can permanently alter habitat without any 
baseline understanding of the loss of habitat function or cascading effects on 
coastal and marine ecosystems. The ecological role sandy beaches play is 
invaluable and irreplaceable. The threats to the viability of beach ecology are 
significant and increasing. Management policies need to prioritize sandy beach 
habitat needs and functions at the local scale, and eliminate detrimental impacts 
to sandy beach ecology from careless beach management.      
 

Introduction 
 
Sandy beach ecology lacks sufficient academic recognition and applied research 
(Schlacher, 2006). Existing ecology shows beaches have significant ecological 
functions that are poorly understood. As such, beach management decisions 
rarely involve ecological considerations. Sandy beaches comprise approximately 
three-quarters of the world’s shorelines (Bascom 1980). Beaches around the 
world contain unappreciated biodiversity and provide a range of ecological 
services not available through other ecosystems (McLachlan & Brown 2006, 
Schlacher 2006). Existing sandy beach ecology demonstrates beaches are 
distinct and critical habitats. When ecological dimensions are considered, beach 
management is often driven by and managed for a single species. Beaches are 
habitat for a rich diversity of life. Beaches support a diversity of species in 
different stages of the life cycle, as well as linking land and sea food webs 
(Komar, 1998). Sandy beaches function as permanent habitat for invertebrates, 
nesting habitat for turtles, breeding habitat for fish, feeding habitat for 
shorebirds, and shelter for marine mammals. Beaches link land and sea, acting 
as a buffer and transition zone supporting and transferring nutrients between 
terrestrial and marine food webs. Loss of functional sandy beach habitat could 
have irreversible damage to larger ecosystem functions, marine biodiversity, and 
critical areas for endangered species. The limit of scientific understanding of 
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how sandy beaches respond ecologically to anthropogenic threats is an 
impediment for the conservation of these threatened ecosystems (Schlacher et al, 
2006). Management actions require better information about the ecological 
ramifications of human activities (Schlacher et al, 2006).  
 
Sandy beaches are formed by three defining elements; sand, waves, and tides. 
Horizontal and vertical currents driven by waves naturally move sediment along 
the shoreline and deposit sand in the form of beaches. Beaches are classified 
between reflective and dissipative. Reflective beaches have an intertidal zone 
fueled by marine inputs; dissipative beaches have developed surf-zones where 
circulation provides rich sources of primary protein. Sand is the most defining 
element of the beach. The important elements of sand are grain size/shape, 
composition and color. Different beaches have different grain size composition 
which determines the porosity, permeability, and penetrability of the beach (the 
ability of the beach to cycle nutrients and provide habitat for different fauna) 
(McLachlan and Brown, 2006). The color of sand influences how much heat can 
be absorbed by the beach, affecting thermoregulation characteristics of the 
beach. Waves impact beaches in two primary ways: shaping the beach, and 
providing nutrient inputs to the food chains. Tides are an additional shaping 
factor in beaches, contributing to the dynamic and heterogeneous nature of 
sandy beaches. Tidal range and direction influence sandy beach ecology; range 
has a greater influence on habitat characteristics. (McLachlan and Brown, 2006).  
 

Beach Wrack 
 

Much of the nutrient base that is filtered into sandy beach ecosystems comes 
from seaweeds and seagrasses; collectively these macrophytes are called beach 
wrack when washed ashore. Macrophytes tend to flourish in shallow coastal 
waters and are regularly deposited near the high water mark of the beach. Not 
only is beach wrack a primary source of food for residents of the beach 
community, it also indirectly supports the foraging activities of predators like 
seabirds, reptiles, and mammals which depend on beaches as a location for 
feeding. Beach wrack is considered a nuisance by some, including the 
international eco-label Blue Flag which requires removal of wrack as a 
requirement to use the ecolabel. Dugan et al (2003) researched wrack removal 
and concluded beaches without wrack showed significantly less species 
abundance than areas where the wrack remained and was allowed to be 
consumed into the food web. The difference in diversity is most noticeable in 
shorebirds who feed on the invertebrates inhabiting the beach wrack. Breach 
wrack also helps in forming sand dunes, a natural buffer for erosion. Wrack is 
decomposed by bacteria and invertebrates. The bacteria support faunal members 
of the beach trophic system that, in turn, support more conspicuous beach 
species such as shorebirds. Many ecological links with sandy beach ecosystems 
exist, including the migrations of birds and turtles which link ecosystems 
thousands of miles apart. (Jones et al, 2004).  
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Sand Dwellers 
 

The majority of sandy beach inhabitants are not visible to the human eye. These 
invertebrates are no bigger than the grains of sand themselves (Pearse, 1942). 
Invertebrates are grouped on the basis of size; meiofauna are less than half a 
millimeter long and the macrofauna are larger. Meiofauna inhabit the interstitial 
spaces between grains of sand and include over 600 species. Sandy-beach 
species move and burrow rapidly, feed in various ways and exhibit tidal 
migrations (Jones et al, 2004). Due to wave activity, the organisms in the sand 
either need to be able to attach themselves to the grains for protection, or be able 
to anchor themselves in the sand to withstand displacement from waves. In the 
midst of turbulent wave activity, these organisms are simultaneously filtering 
nutrition from the water.  
 
Hundreds of birds use sandy beaches to forage. Gulls, terns, oyster catchers, 
herons, bald eagles and penguins are well-known examples. The snowy plover 
and the piping plover use sandy beaches for nesting and are listed under the 
Endangered Species Act. Piping plovers are found on the Atlantic coast, the 
snowy plover is found on the beaches of the Pacific. Plovers build their nests in 
the sand above high tide during spring. The eggs incubate for about 30 days and 
once hatched, the chicks will live on the beach for another 4 to 6 weeks before 
they can fly. While living on the beach, plovers feed on marine 
macroinvertebrates found along the shorelines and wracklines. Research by 
Dugan et al (2003) demonstrated that plovers were more abundant in areas with 
more beach wrack and more invertebrates associated with beach wrack.   
 

Marine Dwellers 
 
Grunion are one of the few species of fish known to spawn entirely out of the 
water (Speer-Blank and Martin, 2004) and are another iconic species 
demonstrating the need for sandy beach ecosystems for survival. Grunion exit 
the water to lay and fertilize eggs in the upper part of sandy beaches. Their 
buried and fertilized eggs remain in the sand for about two weeks. Upon the next 
lunar high tide the seawater inundation triggers hatching and the baby grunion 
return to the ocean. Grunion eggs can survive in the sand for up to two lunar 
high-tides (Speer-Blank and Martin, 2004). In some places in southern 
California, beach management measures have been modified to increase grunion 
survival.  For instance, beach grooming at some beaches has been restricted to 
areas above the high tide line during grunion spawning season. 
 
Although sea turtles spend the majority of their life in open water, sandy 
beaches are used for nesting and are necessary to their survival. Between March 
and October of each year, females dig pits in the sand and bury their eggs. This 
is followed by a vulnerable 50 to 70 day incubation period. Eggs and hatchlings 
are consumed by raccoons, mongoose, ghost crabs, dogs, wild hogs. Many 
threats to nesting habitats question long-term survival for a long-lived species. 
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Florida hosts 90% of all sea turtle nests in the United States. These nests are 
vulnerable to hurricanes, storm tides, rain and cold spells. Several human-
induced impacts threaten sea turtle nesting habitat. Newborn hatchlings trying to 
find their way to sea can be fatally misdirected by artificial light and tire tracks.  
 
Sandy beach ecology has demonstrated the importance of sandy beaches to 
marine mammals. Collective research on marine mammals shows consistent 
preferences of sandy beach habitat over other shoreline habitats for birthing, 
nursing and hauling-out. Research demonstrated lower mortality rate for seals 
born on sandy beaches compared to other habitat types. Scientists speculate that 
sand also offers unique thermoregulatory advantages. Sea lions appear 
particularly adapted to sandy beaches with their unique ability to walk on all 
four flippers. 

Threats to Sandy Beach Habitats 
 
Shoreline armoring, sea walls, bulkheads, groins and jetties all threaten sandy 
beach habitats.  Shoreline development leads to loss of over-hanging shoreline 
vegetation. Over-hanging vegetation provides temperature regulation of sand 
and insects for food. Studies in British Columbia show that fish species were 
more abundant in locations with nearshore vegetation (Romanuk & Levings, 
2006). Temperatures on armored beaches in Puget Sound were higher than on 
beaches with natural shorelines. The higher temperatures are believed to explain 
the findings of forage fish eggs twice as likely to contain live embryos on 
natural beaches when compared to armored shorelines (Rice, 2006).  
 
Grooming, dredging and filling a beach damages the ecology of beaches. Beach 
grooming usually removes beach wrack, eliminating a primary source of 
nutrition that supports sandy beach habitats (Dugan, 2003). Offshore dredging 
equipment fatally sucks up sea turtles while collecting fill material. Replaced fill 
material is either too dark or too light, skewing the sex ratio of hatchlings. Too 
coarse or compacted sand can inhibit nest digging or discourage nesting 
altogether. Several studies have investigated biodiversity at beaches before and 
after fill projects with consistent results showing a decrease in species 
abundance and richness. (Stauffer, 2004) There are also several noted instances 
of smothering invertebrates, eliminating a key link in coastal food webs.   
 

Conclusion 
 
Sandy beaches need to be treated as an ecosystem providing critical and 
valuable habitat functions. The emerging field of sandy beach ecology will help 
inform beach users and beach managers of the ecological needs of sandy 
beaches and better understand human dimensions of sandy beach ecosystems. 
Until then, the precautionary principle should apply to all management decisions 
where results from proposed actions are irreversible. The ecological role sandy 
beaches play is invaluable and irreplaceable. Management policies need to 
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identify and prioritize sandy beach habitat needs and functions at the local scale, 
and eliminate impacts on ecology from proposed beach management actions.      
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