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  BEACH FEATURES
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  What are Beach Features?


  A beach’s features show its life signs. These traces reveal a beach’s relationships, history, growth, retreat, and other aspects of restlessness. Although much of this book describes beach things, the following section on Beach Features deals mostly with processes and the evidence they leave.


  Beach features show us the intimate relationship between land and sea. To some, this relationship seems like a battle. But a more fitting metaphor describes an economic relationship with mutual exchange. The most dynamically traded element in this land-sea commerce is sand. The land stakes claim to former seabottom blown into dune mounds and covers its claim with pioneering greenery. But the sand is just a loan. In the economy of sand, this currency shifts between land and sea, between undersea features, between beach elevations, and between adjacent beaches. The dynamics of this bustling economy can be read in a beach’s features. To an educated eye, beach features are both telling evidence of past events and indicators for prediction.


  The give-and-take between land and sea also involves energy. As you’ll see, beach features include exchanges of heat, wind, waves, and biological actors that further define the beach economy.


  To a true beach aficionado, an otherwise pedestrian pile of sand offers abundant confirmation of a beach’s beating pulse. Sensing that pulse is basic to understanding what beaches are all about and can add intrigue and wonder to a coastal visit.


[image: Sandbars, surf currents, and tides determine where fishers can make their catch]


  Sandbars, surf currents, and tides determine where fishers can make their catch


  Beach Anatomy


  Each visit to a Gulf beach is unique. No two beaches are exactly alike, and at any given beach, every day is different. But despite their dynamic and fluid nature, our beaches tend to share a common anatomy that is predictable based on location and season.


  You may have noticed that Gulf beaches have a lot of sand. Most of this sand is quartz, eroded from rocks millions of years ago and carried by rivers into the Gulf. These rivers also carried feldspar grains and heavier sediments like metal oxides and other minerals. On a few Gulf beaches, shells and shell bits are an important fraction of piled sediments. The origins of Gulf sands span the majority of the North American continent east of the Rockies, and include animal bits from waters near and far. Because river drainages and directional nearshore currents carry different sediments, sand characteristics vary between beaches. How wind and currents move sediment also drives variation in sand character between seasons and locations within the beach-dune system.


  Beach anatomy is largely determined by elevation above the sea. Beach zones range from high, dry, and occasionally wave-washed (the dune), to frequently wave-washed (the backshore), to constantly wave-washed (the foreshore). Seaward of the foreshore are two zones critical to the beach, and formerly beach themselves: the nearshore and offshore zones.


[image: Dune and beach profiles change with the seasons and following dynamic events like storms]


  Dune and beach profiles change with the seasons and following dynamic events like storms


  Within each zone are the lumps, dips, ripples, and wave-washed stuff that further describe a beach’s structure. The dune scarp, if present, marks the elevation where recent storms have swept away dune sands. Between the dune base and the daily high-tide mark lie one or more wrack lines. These are piles of marine organisms (mostly seaweed) that, in their death, bring life to the beach. The highest average tide generally reaches the berm, a sandy platform between the flat backshore and the sloped foreshore. Beach meets the sea at the swash zone, where waves rush the sandy incline and wash back into the following breaker. Often, this final pounding of wave energy creates a step, down into a trough landward of the breaker zone. The breakers begin where the offshore bar presents a rise shallow enough to trip incoming waves. As many as three, deeper, offshore bars lie seaward of the first bar. The deeper sand-bars are built by sand movement during storms and are where large waves break during these tumultuous events.


[image: Matagorda Island, Texas, on a calm day]


  Matagorda Island, Texas, on a calm day


  Beach profile and anatomy change between periods of storm and calm. Compared to a typical midsummer beach fronting calm seas, beaches enduring high winds and waves tend to have a narrow berm and more distant offshore bars. High winds and waves often occur after cold fronts, and following tropical cyclones in late summer and early fall.


  Artificially nourished (manmade) beaches seldom fit the natural profiles described above ... at least in the beginning. These beaches start out with an engineered anatomy, generally wider and flatter than nature would produce, and equilibrate over a period of years as the sea sculpts the foreshore, then backshore, then dune.


  Beaches around the Gulf vary in anatomical features according to how much and what kind of sand supplies them, and by the extent of wind and waves that act on those sediments. These factors produce some Gulf beaches that are a thin veneer of fine sand over clay or peat fronting a low marsh, and other beaches that have enormous dunes, with beach sands that extend more than 50 ft (15 m) deep.


  A beachcomber who knows a little beach anatomy and who pays attention to local tides and sea conditions can find some amazing beach stuff. The ocean scatters its varied treasures in different beach zones depending on its mood. For example, combing the swash zone (A) at low tide is the best way to find small and delicate seashells. When a stiff onshore wind is blowing, this is also the place to find ocean-drifting “blue animals.” The recent high-tide line at mid-beach (B) is normally the best place to find large or fluttery shells, buoyant items like seabeans (pp. 318–341), and invertebrates like sponges and soft corals. Keep in mind that the high-tide wrack from previous days may have been higher up the beach (C), where drift treasures can be found if they have not been covered with windblown sand. The largest waves during the highest tides sweep up the beach to the storm wrack (D), which is often at the base of the dune. Although wrack-hunting is fruitful for almost anything immediately after a storm, even months-old storm wrack yields persistent, storm-stranded items like big shells, seabeans, driftwood, and lost cargo. Storm wrack on remote, infrequently combed beaches is filled with rare finds.


  Beach anatomy becomes less esoteric and more evident to visitors who experience features forming before their eyes. Aeolian (wind-driven) transport of sand is but one of these watchable developmental processes. To experience sand flowing over a beach on a breezy day is to witness the origins and pulsation of many beach features. As sand flows across the beach, some features are exposed, others are buried, sand ripples march with the wind, and the growth of a dune from seed begins at a seaweed clump that had drifted at sea for hundreds of miles. This drama is common on breezy Padre Island, Texas, which has wind velocities capable of significant sand transport about 85 percent of the time.


[image: Lettered areas show where to find beach treasures]


  Lettered areas show where to find beach treasures


[image: Wind waves wash over Bryan Beach, Texas]


  Wind waves wash over Bryan Beach, Texas


  [image: Sand in the process of aeolian transport]

  
    Sand in the process of aeolian transport


  Beach Profiles
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  [image: Tall dunes on wind-dominated Brazos Island, Texas]

  
    Tall dunes on wind-dominated Brazos Island, Texas


  [image: The “delta lobe” Chandeleur Islands, LA (bottom center)]

  
    The “delta lobe” Chandeleur Islands, LA (bottom center)


  [image: A wave-dominated, central Texas barrier island]

  
    A wave-dominated, central Texas barrier island


  [image: Wave-dominated, St. Joseph Peninsula, Florida]

  
    Wave-dominated, St. Joseph Peninsula, Florida


  WHAT ARE THEY? A beach’s profile is its shape in cross section, from the dune to the water. Gulf beach profiles follow three natural patterns, which are determined by wave and wind forces, and by sand supply. A fourth, artificial pattern, is determined by us (p. 393). Nearly all Gulf beaches are wave-dominated, dissipative beaches, which occur where tidal ranges are less than three times average wave height. These beaches are relatively wide and low, and have multiple offshore bars where the largest waves break, dissipating their energy before reaching the beach. Wave-dominated beaches are generally on long barrier islands with few inlets, but some are on the mainland, and some are on relatively short, delta lobe islands, which rim the low-gradient, marshy shorelines with abundant sediment surrounding the Mississippi River Delta. Southern Texas beaches are sub-categorized as wind-(and wave-)dominated, and show greater effects from wind waves and aeolian sand movement (pp. 5, 20).


  HOW COME? Wave energy, tidal range, sand coarseness, and sand abundance are all connected to a beach’s profile. Fine sands contribute to a flat beach because they do not drain well. Waterlogged sands allow waves rushing up the beach to rush back down instead of soaking in. This backwash carries sand with it, filling the lower beach and flattening the profile.


  DID YOU KNOW? Exactly what determines beach profile is extremely complex, hard to model, and a bit of a mystery.


  Beach Lifespans


  [image: Beach footprints fill quickly]

  
    Beach footprints fill quickly


  [image: Sandcastles seldom survive high tide]

  
    Sandcastles seldom survive high tide


  [image: Tidal cycles drive daily, consequential, beach changes]

  
    Tidal cycles drive daily, consequential, beach changes


  [image: Beach changes shorten lives of structures meant to last]

  
    Beach changes shorten lives of structures meant to last


  Circles of life turn at varied rates. For some features of a living beach, mere seconds pass between birth and death. Others may persist for a century or more. But in comparison to life-spans elsewhere on our planet, few beach features ever get very old.


  Even the least patient among us have attention spans that would allow appreciation of multiple generations of some beach features. Walk through the wet sand of the swash zone (pp. 23, 24) and look behind you at your footprints. Within a few seconds, a wave will end its life by crashing onto the beach and rushing up the slope in a froth-margined sheet of water. The final energy of the wave’s life is spent suspending the sand that fills your tracks. As the leading edge of the wavewash reaches its peak, a swash mark (p. 23) is born where grains that were floating on the water’s surface tension come to rest in a tiny ridge. The wavewash then slips back into the surf, leaving bubble streams from air forced out of the beach as water soaks into the sand. The escaping air leaves bubble holes (p. 27). These are either obliterated by the next wave or remain during a falling tide until a rising tide replaces them with a different set of bubble holes.


  The incoming tide also marks life’s end for sandcastles, some cusps and scarps (pp. 18, 19), and other topography of the beach berm such as wind ripples (p. 20). On the open beach, ghost crabs take diurnal refuge in burrows that may last only until the next high tide. But their burrows in the dune may allow the crabs to remain protected for months above the wash of winter storms. Wrack lines (pp. 16, 17) pushed high on the beach are testament to the highest tides of the month, and may remain for the weeks it takes for component seaweeds and marsh reeds to decompose. Just above this recent high-water mark, sea turtle nests become unrecognizable following a few days of wind or rain, although a successful nest will contain viable eggs for about two months until hatchlings escape from their eggshells and emerge from the nest (pp. 205–209).


  On the dune, life is at the mercy of periodic storms. For many pioneering dune plants, life strategies anticipate periodic catastrophes. In late summer and early fall, when the risk of erosion heightens due to tropical cyclones, these plants rush to bear dispersing seeds that will germinate on some future dune. Many of these seeds benefit from dispersal as storm tides wash away the dunefront.


  The same events that define lifespans of living things near the dune crest, also define the useful lives of our own beachfront structures. Only well behind the dunes does one find lives spanning more than a decade or so. Dune buildings, and the features we construct to defend them from the sea, last only as long as the next storm will allow. Retreating beaches (p. 31) foreshadow the future of coastal forests, and of buildings placed where forests once stood, as entire landforms move. Features anchored to the land are inevitably swept away in their own time. Nothing near beaches is permanent, and yet, cycles of birth and death persist through ages.


  [image: The geologically brief and recurring lives of living beaches]


  The geologically brief and recurring lives of living beaches


  Dunes and Coppice Mounds
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  [image: Grasses cover a foredune, backed by woody plants]


  Grasses cover a foredune, backed by woody plants


  [image: Coppice mounds in front of a primary dune ridge]


  Coppice mounds in front of a primary dune ridge


  [image: The Florida Panhandle has impressive dunes]


  The Florida Panhandle has impressive dunes


  WHAT ARE THEY? Dunes are piles of sand, typically stabilized by fast-growing, salt-tolerant, “pioneer” plants. Plants also create their own dunes by gaining a foothold on the upper beach where they intercept wind-blown sand. Over the backshore, plants or wrack form the nucleii of coppice mounds (embryonic dunes), which may or may not develop into larger sets of shore-parallel ridges making up the primary dune. Although the foredune (seaward face) of the primary dune may be eroded by storm tides every few years, the backdune is often stable enough to support semi-permanent woody vegetation between severe storms. In many dune systems, secondary dunes are also observed. These dunes were once primary dunes, or they formed behind the primary dune. This formation may have been dramatic, as when severe storms breached primary dunes and deposited sand inland. Or, they may have formed gradually, as winds blew fine-grained sand inland past the primary dune. Secondary dunes may lie within an extensive dune field that spreads hundreds of yards behind the beach. Active dunes move at a rate that outpaces plant growth. On windy Padre Island, Texas, active dunes can move 35 feet (10 m) in a year. These dunes are likely to have a bare crest and steep slipface opposite the prevailing wind direction. Dunes are part of a sand “banking” system within which the beach makes continuous deposits and withdrawals.


  SIZE: Small mounds to ridges more than 50 ft (15 m) high.


  HOW COME? Dunes form when sand that was moved by water or wind slows down enough to settle into a pile. Storm waves push sand onto the upper beach, and onshore winds blow beach sand into wind shadows behind old wrack lines and vegetation. Pioneer plants colonize these sand piles. As roots keep the sand from migrating windward, the dune grows into a shore-parallel dune ridge.

  
  [image: A bare, active dune moving right to left]


  A bare, active dune moving right to left


  [image: Dune overtakes grassland, Padre Island, Texas]


  Dune overtakes grassland, Padre Island, Texas


  [image: A dune overtakes the road at Padre Island, Texas]


  A dune overtakes the road at Padre Island, Texas


  FOUND: All beaches. Dunes on delta lobe beaches (p. 6) tend to be small. Larger dunes form where there is strong directed wind and extensive sand supply, such as southern Texas and Florida’s Panhandle. In Florida, swales behind the dunes provide woody plants shelter from salt spray, and are places where scrub communities and maritime forests can become established. The Texas climate is too dry for most woody dune plants. Beachfront development often levels the dune and prevents reformation. Coppice mounds and new dunes are unable to form where there is raking of the upper beach (p. 390).


  SEASONS: All year. Rapid erosion and formation can occur during tropical storms and hurricanes.


  DID YOU KNOW? A dune is far more than just a pile of sand. Sediments in a dune are complex and organized. Although winds move mostly lighter quartz sand grains, water can move heavier mineral grains into dunes. These darker sediments trace sand layers that record a dune’s history. Dunes also contain a lot of biology, including the seeds of future dune plants, and symbiotic fungi that are critical to plant growth. The formation of dunes has made much of the Gulf coastline we see today. Dig a hole near the shore and you will likely find sand that was once blown from a beach into an ancient dune.


  Salt Pruning
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  [image: A dune wave made by salt aerosol from surf waves]


  A dune wave made by salt aerosol from surf waves


  [image: Decades of seaward leaf-pruning by salt spray]


  Decades of seaward leaf-pruning by salt spray


  [image: A salt-pruned sand live oak]


  A salt-pruned sand live oak


  WHAT IS IT? Salt pruning describes the trimming effects of wind and salt spray, which is the salty aerosol released from breaking waves. This process creates dune shrubs and trees with a sloping-hedge appearance.


  SIZE: Salt spray can sculpt century-old live oaks into wavelike forms that are knee-high on their seaward side and well overhead on their protected side.


  HOW COME? Salt spray from breaking waves settles on the outer leaves of dune plants. Evaporation of this spray leaves behind concentrated salt that can enter leaves through abrasions caused by wind-whipping. The salt gradually kills the most exposed, windward leaves. This trimming stimulates extensive branching, which produces dense, windward canopies. Salt pruning can result in bonsai-looking shrubs that lean away from the sea. Like bonsai, the beautiful forms of salt-pruned dune shrubs are acquired over decades.


  FOUND: Beaches with mature dunes and woody vegetation. The Florida Panhandle has some of the most picturesque examples of salt pruning.


  SEASONS: All seasons, although most of the actual pruning occurs during the driest months when there is little rain to wash salt from exposed leaves.


  DID YOU KNOW? Salt-spray resistance dictates which plants exist on the dune. Survivors of this torture benefit by having few plant-competitors.


  Swales and Dune Lakes
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  [image: Dune swales are wet troughs between dunes]


  Dune swales are wet troughs between dunes


  [image: Western Lake, Grayton Beach State Park, Florida]


  Western Lake, Grayton Beach State Park, Florida


  [image: A dune-lake outfall, Florida Panhandle]


  A dune-lake outfall, Florida Panhandle


  WHAT ARE THEY? These are freshwater features close to the sea. Swales lie between dune ridges where rain and groundwater collect, and may be standing water, wet marsh, or sands just damp enough to allow water-loving plants to grow. Dune lakes are large coastal bodies of fresh water, tea-stained from plant tannins, that occasionally flow through an outfall into the Gulf across the beach.


  SIZE: Swales range from narrow depressions to as wide as a football field. Dune lakes range from small ponds to over 250 acres (100 hectares), and average only neck deep.


  HOW COME? Swales develop as dunes build seaward. Low areas between dunes collect fresh water and have less seawater intrusion with increasing distance from the sea. Fresh water and protection from salt spray allow a unique coastal ecosystem to thrive. Dune lakes formed roughly 10,000 years ago when erosion carved out their basins. Ground water and streams keep the lakes fresh or brackish.


  FOUND: Swales are scattered among stable dune fields. Dune lakes occur only between the large dunes of the central Florida Panhandle.


  SEASONS: Swales are prettiest with the blooming flowers and green vegetation of summer and early fall. Dune lakes often overflow through beach outfalls with the heavy rains of summer.


  DID YOU KNOW? Coastal dune lakes are rare, occurring in only a few spots around the world. Fresh water near the beach brings diverse plant and animal life that would not be present without this mix of waters.


  Ridges, Runnels, and Lagoons
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  [image: A beach ridge (A) and runnel (B) at low tide]


  A beach ridge (A) and runnel (B) at low tide


  [image: Beach lagoons flood during the highest tides]


  Beach lagoons flood during the highest tides


  [image: A reddish egret haunts a beach lagoon at low tide]


  A reddish egret haunts a beach lagoon at low tide


  WHAT ARE THEY? Beach ridges are exposed sandbars or berms that have been breached by high tides. Runnels are mid-beach troughs that are filled with water at high tide, and that can persist through multiple tidal cycles as “beach lagoons.”


  SIZE: Ridges may be up to hundreds of feet wide at low water. Runnels may be equally wide and up to 6 ft (2 m) deep.


  HOW COME? These are features of beaches with moderate wave energy and tidal changes. Ridges and runnels indicate a beach in transition. Offshore sandbars become beach ridges when they have swelled with sand from the eroded beach. Runnels are troughs that were carved by longshore currents and are maintained by water flow after filling at high tide. If water can’t exit through a rivulet (p. 22), it can persist when muddy sediment slows drainage through the sand. Some ridges grow into barrier islands, and some runnels grow into persistent lagoons.


  FOUND: These features are most common on beaches that have endured a recent erosion event. Beach lagoons re-fill during the highest tides.


  SEASONS: All seasons


  DID YOU KNOW? Runnels that persist as lagoons become important areas for beach life. Receding waters concentrate trapped invertebrates and small fishes, which in turn attract shorebirds and wading birds.


  Saltmarsh, Oyster Reef, and Outcroppings of Peat and Clay
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  [image: Saltmarsh and tidal channel behind a Gulf beach]


  Saltmarsh and tidal channel behind a Gulf beach


  [image: An oyster reef behind a beach exposed at low tide]


  An oyster reef behind a beach exposed at low tide


  [image: Beach erosion exposes layers of clay]


  Beach erosion exposes layers of clay


  [image: An eroded peat outcropping on a Texas beach]


  An eroded peat outcropping on a Texas beach


  WHAT ARE THEY? A saltmarsh is a grassy estuary, periodically flooded by tides. An oyster reef is a mass of eastern oysters (p. 116) that have fused together to form rocklike shoals. Peat outcroppings are compacted, partially decayed plants from old marsh formerly behind the beach. Clay layers comprise extremely fine sediments under the peat.


  SIZE: Saltmarsh rims coastal areas protected from waves, from a few feet to miles wide. Oyster reef can cover many acres of shallow estuary. Peat and clay outcroppings can extend for hundreds of yards down the beach, but are generally only about two feet (60 cm) in thickness.


  HOW COME? Saltmarsh grasses and oysters need calm waters with a blend of fresh and salt. Barrier islands give protection, and coastal rivers provide fresh water. Peat forms where dead marsh grasses accumulate faster than they rot away in the oxygen-poor bottom. Many Gulf beaches lie over peat or clay, which is revealed where the sand supply is low. Peat and underlying clay remain because they erode more slowly than sand.


  FOUND: At current and former estuaries.


  SEASONS: All seasons


  DID YOU KNOW? Underlying clay layers and peat outcroppings may be thousands of years old. Oysters clean estuarine waters by filtering up to a barrel of water per oyster per day.


  Sand Layers and Shell Pavement
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  [image: Layers of dark sand revealed in an eroded dune]


  Layers of dark sand revealed in an eroded dune


  [image: Layers in a beach scarp reveal a complex history]


  Layers in a beach scarp reveal a complex history


  [image: Shell pavement in a lag deposit]


  Shell pavement in a lag deposit


  WHAT ARE THEY? Sand layers show up as contrasting horizontal lines containing sands of different densities, and are often seen in eroded scarps. Shell pavement remains where wind has scoured away sand covering shell lag deposits (layers of shells).


  SIZE: Sand layers range from paper thin to the depth of an entire dune. Lag deposits can be one or many shells thick and may be exposed over flat areas as large as a football field.


  HOW COME? Layers of sand mark events when wind or water moved sands of similar makeup onto the upper beach or dune. Light breezes move fine sands, stronger winds move coarse sands, and the heaviest, dark-mineral sands are moved into layers by storms and flowing water. Lag-deposited shells were pushed onto the upper beach by waves and later exposed as wind blew away surface sands. The exposed shell acts as a pavement that prevents further wind erosion.


  FOUND: Sand layers occur in all dunes. Natural shell lag deposits lie on the upper beach where storm waves have reached, or where artificial sand pumping (p.393) has occurred.


  SEASONS: All seasons


  DID YOU KNOW? Layers tell the history of a dune, including when human artifacts were deposited. Nearly all the bivalve shells (e.g., clamshells) paving lag deposits rest concave-side down. In this most hydrodynamic orientation, they were least likely to be resuspended by the flowing water that brought them.


  Wrack Lines
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  [image: Driftwood in a Texas wrack line]


  Driftwood in a Texas wrack line


  [image: Dense sargassum on a southern Texas beach]


  Dense sargassum on a southern Texas beach


  [image: Spartina reeds are common in wrack near inlets]


  Spartina reeds are common in wrack near inlets


  WHAT ARE THEY? Wrack lines, or strand lines, are lengthy piles of marine stuff that has washed in with the tide. Think of wrack as the ocean’s bathtub ring. Wrack is often dominated by open-sea, drifting algae called sargassum (p. 310), uprooted seagrasses (pp. 316–317), and reedy marsh plants. But wrack can also include driftwood, seeds, sprouting plants, sea foam (p. 28), a variety of expired animals, and manmade litter. Wrack typically accumulates where waves from the highest tides of the month have swept up the beach. Old wrack can get pushed into the dunes during storms, and new wrack is sometimes spread over the lower beach as it gets reworked during each tidal cycle. The wrack line is a diverse place. Much of this book contains descriptions of the varied animals, plants, and debris that occur in the wrack.


  SIZE: Although knee-high piles of wrack are common following rough weather, under calm conditions a beach may be starved of wrack for weeks. Elements of the wrack are as small as single-celled plankton and as large as a shipwreck.


  HOW COME? Everything that goes around comes around. This is especially true for organisms floating at sea. After years of roundabout travel in surface currents, plants, animals, and debris originating far and wide often end up on a beach somewhere. But some wrack may be local. Seagrasses and some algae may come from the sea bottom near the beach, and reeds may have washed out a nearby inlet flushing the saltmarsh behind the barrier island. Examine elements of the wrack closely for signs of a lengthy sea voyage, such as animals that live only in the open sea, and flotsam bearing encrusting hydroids, algae, barnacles, and bites from marine animals.


  [image: Ruddy turnstones shop the wrack for groceries]


  Ruddy turnstones shop the wrack for groceries


  [image: A railroad vine sprouts from a drift seed in old wrack]


  A railroad vine sprouts from a drift seed in old wrack


  [image: A hamburger bean—just one of many wrack treasures]


  A hamburger bean—just one of many wrack treasures


  FOUND: All beaches, although the components of the wrack vary by location. Northern Gulf beaches are more likely to receive marsh plants. Central and southern Texas beaches get abundant sargassum. Benthic (bottom-growing) macroalgae (pp. 310–315) are most common on beaches close to jetties (p. 392) and lagoon inlets (p. 45). There may be many wrack lines on a beach indicating where the tides have reached. Old wrack is the highest, and can linger for weeks before disappearing under sand.


  SEASONS: Wrack lines can be extensive in fall and spring following storms. Look for the greatest wrack deposits following days of strong onshore winds. All elements of the wrack arrive under these conditions, including collectible finds such as sea-beans (pp. 318–341).


  DID YOU KNOW? Wrack contains treasure. Although the most famous of these treasures are seabeans, wrack lines are also the best places to search for many other “drifters.” This broad category of buoyant items includes interesting thorns, corky bark, surfworn wood, purple sea snails (p. 87), and the spiral shells of ram’s horn squid (p. 147). But there is much more to wrack than collectible treasures. The plants and animals that wash onto beaches at the end of their life’s journey provide the base of an important beach food web. This web includes easily overlooked life such as fungi and the tiny invertebrates that feed on decaying plants, as well as some of the most charismatic animals on the beach, like our shorebirds. Many of the beach’s most appealing animals would be absent were it not for the lowly wrack.


  Rhythmic Shorelines
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  [image: Cusps at regular intervals on Dauphin Island, Alabama]


  Cusps at regular intervals on Dauphin Island, Alabama


  [image: Mostly rhythmic, crescentic bars off Santa Rosa Is., FL]


  Mostly rhythmic, crescentic bars off Santa Rosa Is., FL


  WHAT ARE THEY? Shoreline features often undulate. When these undulations become regularly spaced, they are described as “rhythmic.” Rhythmic shoreline features include beach cusps, which are periodic sand hills on the lower beach, and crescentic bars, which are segments in the offshore sandbar. Both features are curved mounds convex to the sea.


  SIZE: Each generally crests 1–6 ft (0.3–2 m) above the surrounding sand.


  HOW COME? Rhythmic features form when a beach receives a steady interval of incoming waves. These waves reflect, and set up shore-parallel “edge waves” trapped within the nearshore trough. When edge waves of similar wavelength come together from opposite directions, a standing edge wave is formed. This wave, stationary relative to the beach and perpendicular to surf waves, has localized peaks and troughs. Peaks increase the height and local erosional power of incoming surf, creating the convex embayments of the beach cusp or bar crescent.


  FOUND: Wave-dominated beaches (p. 6)


  SEASONS: Cusps are common in summer as beaches build. Crescentic bars form anytime surf is strong but regular.


  DID YOU KNOW? Cusps and crescentic bar segments move slowly in wavelike fashion down the beach. The spaces between bar segments are where rip currents (p. 36) flow out. These rips are weaker than those in longer, uninterrupted offshore bars.


  Scarps and Slipfaces
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  [image: A lower-beach scarp shows recent erosion]


  A lower-beach scarp shows recent erosion


  [image: Dune slipfaces point downwind]


  Dune slipfaces point downwind


  WHAT ARE THEY? Scarps (escarpments) are cliffs in the beach marking the recent line where erosion has taken sand. Slipfaces are the steep, downwind sides of active dunes.


  SIZE: Scarps are generally 1–6 ft (0.3–2 m) high. Slipfaces are in this same height range, relative to dune size.


  HOW COME? Scarps form due to rapid beach erosion, often within a single tidal cycle. They are common during storms or when moderately rough surf and a strong longshore current follow a period of sand buildup (accretion). Dune slipfaces mark “active” (moving) dunes, which have a curved slope toward the prevailing wind and are steep (34 degrees) to the point of slippage on the leeward side. Wind blows sand up to the crest, which periodically collapses down the slipface like a slowly breaking wave.


  FOUND: All beaches form scarps during pronounced erosion events. Slipfaces are most common in southern Texas where strong, dry, directed winds blow.


  SEASONS: Scarps are common in the stormy fall, winter, and spring. Dune faces slip most during dry days with persistent high winds.


  DID YOU KNOW? Dunes can become active if their vegetation is removed and will march landward over anything in their path.


  Plant Arcs, Wind Ripples, Pedestals, and Harrow Marks
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  [image: Plant arcs reveal recent wind changes]


  Plant arcs reveal recent wind changes


  [image: Wind ripples. Arrow shows air flow]


  Wind ripples. Arrow shows air flow


  [image: A mushroom pedestal on a windy beach]


  A mushroom pedestal on a windy beach


  [image: Harrow marks capped with shells]


  Harrow marks capped with shells


  [image: Sand in the wind shadow of a sea purslane sprout]


  Sand in the wind shadow of a sea purslane sprout


  WHAT ARE THEY? Plant arcs trace where plants sweep sand as winds shift direction. Wind ripples are miniature dunes arranged perpendicular to the wind. Pedestals are mushroom-shape sculptures of salt-cemented sand with a rounded head atop a narrow base. Harrow marks are wind-eroded pedestals capped by a shell shard or seaweed scrap.


  SIZE: A plant’s size determines the arc it sweeps. Wind ripples are almost always about 3 in (7.5 cm) from crest to crest. Pedestals reach bowling-ball size. Harrow marks vary with the size of the shell-bit topping it; the smallest are capped by a single, coarse sand grain.


  HOW COME? Ripples are spaced by how far a wind-blown sand grain can leap, in a process called saltation. Leaping grains are more likely to land where there is a slight rise, and these crests gain coarse sand. Finer grains fall into the wind shadows between crests. Wind shadows also occur behind objects on the beach. Pedestals and harrow marks occur where salts remain from evaporated wavewash. The brine cements sand grains together in a mix called “salcrete.” Strong winds can erode the salcrete, except where the sand surface is protected by an object like a seashell.


  FOUND: Most common on the upper beach along the windiest coastlines.


  SEASONS: These features form when winds blow greater than 15 mph (24 kph).


  DID YOU KNOW? Ripples move slowly downwind, with their crests collecting larger, denser, often darker grains.


  Wave and Current Ripples
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  [image: Wave ripples revealed at low tide]


  Wave ripples revealed at low tide


  [image: Ladderback ripples show two current-flow directions]


  Ladderback ripples show two current-flow directions


  [image: Current ripples in a drained beach runnel]


  Current ripples in a drained beach runnel


  [image: Large, current sand waves from an inlet tidal flow]


  Large, current sand waves from an inlet tidal flow


  WHAT ARE THEY? Current and wave ripples are formed by moving water. Wave ripples result when sheets of water wash over the beach, as from incoming waves. These ripples have wave forms in cross section, with a steeper slope in the direction of water flow, and are in parallel sets. Ladderback ripples are from two perpendicular sets of superimposed wave ripples. Current ripples result from turbulent flowing water and are irregular and assymetrical.


  SIZE: Most ripple crests are separated by about 3 in (8 cm), but strong currents can pile up much larger sand waves.


  HOW COME? Assembly of ripples by flowing water is similar to the formation of wind ripples (previous page). Wave ripples are created by even water flow. Swift, deep, turbulent currents create undulating current ripples and larger sand waves that are similar to dunes. As current flow ends, parallel, wave ripples still under water erode first at their crests, making them flat-topped. Ladderback ripples begin as parallel ridges, and receive superimposed ridges when a new flow direction is perpendicular to the original current.


  FOUND: Anywhere water moves over sand, especially in runnels (p. 13) and on tidal flats near inlets.


  SEASONS: All year


  DID YOU KNOW? Like wind ripples, water ripples move continually in the direction of the flow creating them until the tide drains water away. These formations are briefly suspended in time for us to admire until the next high tide arrives.


  Rills and Rivulets
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  [image: A set of tree-form rill channels at low tide]


  A set of tree-form rill channels at low tide


  [image: Shells mark the origins of a set of beach rills]


  Shells mark the origins of a set of beach rills


  [image: A rivulet flowing from a beach runnel]


  A rivulet flowing from a beach runnel


  WHAT ARE THEY? Rills are marks etched by water flowing out of the beach. Rivulets are ephemeral flows that drain tidal lagoons and runnels behind the beach.


  SIZE: Rill channels have pencil-thin branches but may connect to tree-size systems originating up the beach. Most rivulets can be jumped across. The largest, semi-permanent rivulets might be considered inlets.


  HOW COME? Rill marks form where groundwater seeps out from saturated beach sands and the flow is enough to erode fine sands into tiny channels. Rills appear where the water table intersects with the foreshore. Most often, this flowing water is salty, but following wet weather, it may be fresh. Rivulets flow back to the Gulf with water that was pushed into temporary lagoons and runnels during high tide. Rivulets often last just one tidal cycle and re-form along a slightly different path during the next falling tide.


  FOUND: Rills form on fine-sand beaches as the edge of the water table is exposed at low tide. Rivulets form most prominently following the highest water of bi-monthly spring tides (p. 34).


  SEASONS: All year.


  DID YOU KNOW? Sands saturated with water often seep where shells or stones have primed a flow by wicking water through capillary action. The shell produces a tiny spring and the flow erodes fine sands into a miniature river delta.


  Swash and Backwash
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  [image: The swash zone on a southern Texas beach]


  The swash zone on a southern Texas beach


  [image: A sheet of backwash flows into a standing wave]


  A sheet of backwash flows into a standing wave


  [image: Swash marks with sargassum floats]


  Swash marks with sargassum floats


  [image: Closeup of coarse grains cresting a swash mark]


  Closeup of coarse grains cresting a swash mark


  WHAT IS IT? Swash and backwash are the sweeps of water from incoming waves. Swash rushes up onto the beach and backwash flows down into the next wave. This wave-lapping moves sand, creates lines and bubble holes (p. 27), and defines an important home for critters in the sand.


  SIZE: From a few feet (about 1 m) on steep beaches and during small waves, to over 100 ft (30 m) wide on flat beaches and during large surf.


  HOW COME? The distant energy that produced a wave is finally spent in the swash zone. Sand in this zone varies dynamically from wet to dry in frequent cycles. Standing (stationary) waves in the swash form when backwash flows into the subsequent wave. The most landward travel of each swash wave leaves tiny ridges of swept-in sand grains and debris called swash marks. These marks often feature coarse grains and tiny shells that can “float” on the water’s surface tension. The BB-size floats of sargassum algae (p. 310) are commmon there.


  FOUND: All beaches. Larger waves create a wider swash zone.


  SEASONS: All seasons.


  DID YOU KNOW? The swash zone is not quite beach and not quite sea. It is probably the liveliest part of the beach, being home to crabs, clams, and worms that feed a host of birds, fishes, and other animals. See the Beach Animals section for tracks, burrows, and other evidence of these swash-zone critters. Swash-zone sands have unique properties. Seawater soaking into the porous beach transforms the sand into a liquidlike medium giving animals an opportunity to sand-swim.


  Antidunes, Crescent Marks, and Hard and Mushy Sand


[image: image]


  [image: Antidune ripples inscribed by a falling tide]


  Antidune ripples inscribed by a falling tide


  [image: Crescent marks at a sargassum clump]


  Crescent marks at a sargassum clump


  [image: Footprints in hard, wet sand]


  Footprints in hard, wet sand


  [image: A dog’s tracks in mushy, air-filled sand]


  A dog’s tracks in mushy, air-filled sand


  WHAT ARE THEY? Antidunes are low, parallel ridges in the swash zone. Crescent marks are isolated, swash-sand V marks with an apex at a shell or other object. Hard sand is compact and wet, and mushy sand is airy.


  SIZE: A foot’s length separates most anti-dune bands, and is the width of the average crescent mark. Prints in hard sand barely scuff the surface, but steps in mushy sand can sink down to the shin.


  HOW COME? On flat forebeaches, back-wash sheet flow against the incoming swash creates standing waves, which form bands of turbulence. This turbulence sorts sediments of varied density into anti-dunes. These sand features have their steepest face landward. Crescent marks form due to the turbulence presented by an object in the backwash flow. Sand hardness varies with how the sand was packed by swash action. In wet sand, water films surrounding each grain form surface-tension bridges linking grains together. In dry sand, only grain-to-grain friction keeps a foot from sinking. Mushy sand has air spaces within a matrix held by weak salt-bridges.


  FOUND: Swash zone and nearby. The hardest sand is on the lower foreshore and mushy sand is near the high-tide line.


  SEASONS: All year.


  DID YOU KNOW? Footprints on wet sand are light against darker sands because the quartz grains detached by the step are free to refract incident light. Wet sand absorbs light within the beach.


  Dark Sands


[image: image]


  [image: A storm erodes lighter sand to uncover a dark layer]


  A storm erodes lighter sand to uncover a dark layer


  [image: Crab burrows reveal contrasting light and dark layers]


  Crab burrows reveal contrasting light and dark layers


  [image: Dark magnetite with swirls of other mineral sands]


  Dark magnetite with swirls of other mineral sands


  WHAT ARE THEY? Dark sand contrasts against more abundant quartz and feldspar sands. These layers contain the heaviest (densest) mineral grains on the beach, and may be slate gray, greenish, or bronze.


  SIZE: Dark sand layers are typically less than 1/4 in (0.6 cm) thick, but can cover the entire lower beach.


  HOW COME? Dark sands are revealed following erosion of lighter sands due to rough surf. The sand appears “dirty,” but is merely composed of variously dark colored minerals (pp. 351, 352) that make up a tiny fraction of a beach’s sand. The darkest mineral layers contain mostly iron and titanium oxides, whereas greenish and bronze layers also have rarer minerals like green hornblende, and gemstone grains like garnet, tourmaline, and zircon. Dense sands tend to settle together in sheets and are last to suspend in wavewash.


  FOUND: All beaches. Mixtures of mineral sands differ between locations due to varied sediment contributions from regional rivers.


  SEASONS: All seasons, but most common following rough surf.


  DID YOU KNOW? Swash-sand features like ripples and crescent marks become more conspicuous where mineral sand layers are exposed. This is because of the correlations between sand color, density, and erosion resistance. To explore the world of tiny but abundant semi-precious gemstones (p. 351) use a jewelers loupe to examine samples of greenish and bronze sand layers.


  Beach Squeaks and Shell Hash
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  [image: Footsteps in powdery backshore sands often squeak]


  Footsteps in powdery backshore sands often squeak


  [image: Shell hash contains well-worn shell bits]


  Shell hash contains well-worn shell bits


  [image: Big Shell Beach, Padre Island, Texas]


  Big Shell Beach, Padre Island, Texas


  WHAT ARE THEY? Beach squeaks (also whistles and barks) are the unique sounds made by forceful footsteps in sugary sand. Shell hash describes surface patches of mollusk shell-shards.


  SIZE: Footsteps in squeaking sands produce staccato notes with a pitch equivalent to a high female voice (about 1,000 Hz). This makes them heard (and appreciated) best by children. Shell hash may be a foot (30 cm) or more thick and cover thousands of square feet.


  HOW COME? Each sand grain rubbing past another makes a sound. Compound this action by many thousands and you have a footstep squeak. More forceful steps make barking sounds. These sand sounds require dry, clean, uniform (well-sorted), quartz sand. Shell hash comprises mollusk shells broken into shards. Rounded and polished pieces of roughly similar size are assembled by waves and currents and remain in the swash zone after a period of rough surf.


  FOUND: Squeaks and barks can be made in the upper beach and dunes of natural beaches (without artificially placed sand), especially northern Gulf beaches with predominantly quartz sand. Shell hash can assemble anywhere there are sufficient shells. Little Shell and Big Shell Beaches on Padre Island, Texas, have abundant shell hash due to a convergence of currents there (p. 37).


  SEASONS: Sugar-sand beaches squeak any time the sand is dry. Shell hash is most common during calm periods after rough surf.


  DID YOU KNOW? Shell hash is the best place to find seaglass (p. 383).


  Bubble Holes, Blisters, Pits, and Volcanoes
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  [image: Air bubbling out of a fluffy beach]


  Air bubbling out of a fluffy beach


  [image: Bubble holes left after swash waters soaked in]


  Bubble holes left after swash waters soaked in


  [image: Blisters and pits in an air-puffed beach]


  Blisters and pits in an air-puffed beach


  [image: A volcano bubble hole shows forceful air expulsion]


  A volcano bubble hole shows forceful air expulsion


  WHAT IS IT? All these features are perforations in the lower beach just above the swash zone. Bubble holes are punctures, blisters are bumps over air pockets, pits are holes within a depression, and volcanoes are bubble holes surrounded by a tiny rim.


  SIZE: These air outlets are pin- to nail-size holes. Blisters are generally the size of a quarter.


  HOW COME? Sand pushed up the beach by wavewash drains to leave air trapped within a mushy matrix. When a sheet of wave-water surges up the beach, water drains into the sand and forces air to bubble out through holes or to erupt forcefully like a tiny volcano of watery sand. Air trapped beneath a skin of salcrete (salt-cemented sand) may merely push up a sandy “blister.” If the blister pops, a pit remains.


  FOUND: All beaches in areas of mushy sand, typically in the beach berm at the upper reach of the recent swash.


  SEASONS: All seasons, although these holes form most during dry weather. Look for these features forming on a rising tide and remaining after a falling tide.


  DID YOU KNOW? Sand drained of water without bubbling can retain air as a third of its volume, which makes it very mushy. These swash holes are commonly mistaken for animal burrows. Most critters in this zone sand-swim rather than construct persistent homes. The fortified tubes of ghost shrimp (p. 164) are an exception.


  Sea Foam
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  [image: A line of sea foam left by receding backwash]


  A line of sea foam left by receding backwash


  [image: A ruddy turnstone searches for snacks in sticky foam]


  A ruddy turnstone searches for snacks in sticky foam


  [image: Sanderlings forage near brownish sea foam]


  Sanderlings forage near brownish sea foam


  WHAT IS IT? Sea foam is the white, greenish, or brownish froth whipped up by breaking waves and brought to the beach by onshore winds.


  SIZE: Most sea foam probably comes from diatoms, which are microscopic single-celled plants in glasslike capsules. The foam they generate in the wavewash is generally the consistency of a good stout beer, but airy sea foam can occasionally roll from the swash in thick suds rivaling any bubble bath.


  HOW COME? Sea foam originates from a wide range of mostly planktonic (small and drifting) plants and animals. Wind and surface currents bring billions of these tiny critters to the surf where their cells are pulverized and their proteins and fats are whipped into suds.


  FOUND: All beaches, but the choppy surf of breezy southern Texas seems to produce the Gulf’s thickest sea foam.


  SEASONS: Sea foam is generated when there are nearby “blooms” of plankton and when local sea conditions are rough enough to whip the plankton into froth. Late spring through early fall have the largest blooms and the foamiest surf.


  DID YOU KNOW? The oceanic stuff that creates sea foam provides one of the largest active carbon reservoirs on Earth, more than all the rainforests put together. Most sea foam is harmless. However, bursting sea-foam bubbles during a red-tide event (p. 43) can release algal toxins that severely irritate the nose and throat.


  Sand Erosion
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  [image: This standing pine serves as an erosion “dipstick”]


  This standing pine serves as an erosion “dipstick”


  [image: Upper beach and dune following an erosion event]


  Upper beach and dune following an erosion event


  [image: Moderate erosion takes place each high tide]


  Moderate erosion takes place each high tide


  WHAT IS IT? Erosion is beach sand loss. Of course, the sand isn’t really lost. It just goes someplace else. The term “critical erosion” is used to describe sand loss that threatens buildings and other human interests on the dune.


  SIZE: It is common to lose 1–2 ft (30–60 cm) of sand depth after a moderate storm. During hurricanes, all the dry sand on the upper beach and dune can move away in a matter of hours.


  HOW COME? Erosion comes from high water, waves, and currents. Waves suspend the sand and currents carry it away. High water brings this erosion to the upper beach and dune. Erosion is constant, even on beaches that seem to be growing. When accretion (sand build-up) is out-paced by erosion, beaches become steeper and more narrow. This net erosion can occur rapidly during storms that drive rough surf and strong longshore currents. Chronic erosion can occur where updrift inlets and jetties intercept the longshore flow of replacement sands.


  FOUND: All beaches. Occasionally, net erosion can “sink” beaches at the ends of barrier islands. Where dunes are replaced by coastal armoring, narrow, eroded beaches become former beaches.


  SEASONS: Most moderate erosion occurs between late fall and spring. Profound erosion occurs during intense storms.


  DID YOU KNOW? Sand that erodes from beaches generally goes no farther than the offshore bar. After severe storms, this bar widens to become exposed beach at low tide.


  Sand Accretion
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  [image: This buried boat is testiment to accretion]


  This buried boat is testiment to accretion


  [image: The simplest objects can record sand movement]


  The simplest objects can record sand movement


  [image: A sign of accretion]


  A sign of accretion


  WHAT IS IT? Accretion is beach sand build-up. Accretion and erosion (sand loss) are the yin and yang of Gulf beaches. Their dynamic balance maintains beaches as open and sandy places.


  SIZE: Beach accretion is noticeable when stationary objects on the upper beach become buried by sand. Logs and other large items on the lower beach may be buried in sand within a single tidal cycle.


  HOW COME? Accreting sand comes from eroding updrift beaches (up the longshore current stream) and from the eroding offshore sandbar. Accretion is typically more gradual than erosion. During calm periods, breakers suspend sand and carry it up the beach-face where the sand falls out of suspension. To understand the perpetual nature of a beach’s dynamic sand balance, watch your footprint disappear after a single wavewash.


  FOUND: All beaches. Some beaches, such as those updrift from inlets and passes, may experience years of net accretion (more accretion than erosion).


  SEASONS: Most accretion occurs gradually during summer. Rapid accretion can occur during or after intense storms.


  DID YOU KNOW? Although beach erosion makes headlines, beach accretion takes place in obscurity. Judging only by news reports, there should be nothing left of Gulf beaches.


  Retreating Beaches
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  [image: Boneyard beach pine forest, Cape San Blas, Florida]


  Boneyard beach pine forest, Cape San Blas, Florida


  [image: A beach retreats into underlying peat, Matagorda, TX]


  A beach retreats into underlying peat, Matagorda, TX


  [image: Stubble of former marsh reeds at a retreating beach]


  Stubble of former marsh reeds at a retreating beach


  WHAT ARE THEY? Beaches retreat when the shoreline moves landward. Boneyard beaches occur where the sea has eroded through the dune into forest, killing the trees with salt water and leaving their woody “skeletons” on the beach. Other symptoms of retreat include exposed underlying peat formations, and remnants of former marsh where there was once sandy beach.


  SIZE: Beach retreat happens across an enormous scale. For example, 80 percent of Texas beachfront is retreating, with an average rate of four feet (1.2 m) per year, and with some beaches moving landward at 55 feet (17 m) per year.


  HOW COME? Beach retreat is complicated, although sea level rise due to climate change is the most obvious driver. Other contributors include (1) net sand loss due to sediment capture by dams on contributing rivers, (2) subsidence of sediments due to oil extraction, (3) localized tectonic subsidence (sinking of Earth’s crust), and (4) increased storm activity that escalates erosion and landward sand flow at spillover fans (p. 32).


  FOUND: Retreat is highest at mainland and delta lobe beaches between western Texas and the Mississippi Delta, but is also rapid on the Matagorda Peninsula, Texas, the barrier islands of Mississippi, and in the Florida Panhandle near tidal inlets.


  SEASONS: All year


  DID YOU KNOW? Beach retreat has resulted in barrier islands joining to the mainland and sinking into sandbars.


  Blowouts and Overwash
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  [image: Blowouts leave only the highest plant tufts]


  Blowouts leave only the highest plant tufts


  [image: Old overwash fans on a central Texas beach]


  Old overwash fans on a central Texas beach


  [image: A washout channel between dunes]


  A washout channel between dunes


  WHAT IS IT? Blowouts are dune gaps created by wind. Overwash occurs when waves push water through dunes, creating overwash fans and washout channels. This water flow often crosses entire barrier islands.


  SIZE: The smallest gaps are a few yards (meters) wide; the largest span hundreds of yards of former dune.


  HOW COME? Blowouts begin as small vegetation gaps that focus winds, and widen from erosion as winds continue. During storms, offshore shoals focus wave energy toward particular beaches where low dunes allow wave-water to push land-ward. On thin islands, storm tides can flow overland to the backing estuary, creating fans of former beach/dune sand behind the island.


  FOUND: These features are most common on wave-dominated barrier islands, but form any place storms strike.


  SEASONS: Overwash flow and blowouts take place during storms, but traces of these processes persist for years.


  DID YOU KNOW? Coastal geologists struggle to predict where major overwash events will take place based on models factoring offshore bathymetry, wave height, storm surge, and dune elevation. Often, overwash past is a prologue for both future overwash and inlet formation. Overwash flow is essentially a short-lived inlet. Tidal flow after passage of the storm surge can keep a passage open. Evidence for past overwash events includes layers of shells and mineral sediments.


  Sandbars
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  [image: Shallow sandbar off a Panhandle beach on a calm day]


  Shallow sandbar off a Panhandle beach on a calm day


  [image: Sandbars are favored loafing spots for seabirds]


  Sandbars are favored loafing spots for seabirds


  [image: Surf breaking on a sandbar]


  Surf breaking on a sandbar


  WHAT IS IT? A beach’s offshore sandbar (also called the longshore bar) is a long, narrow shoal just off the beach and parallel to the coast. A trough separates the sandbar from the beach. Our wave-dominated beaches tend to have multiple offshore bars.


  SIZE: From 50 ft (15 m) to more than 1,000 ft (300 m) off the beach, and in 3–20 ft (1–6 m) of water. The shallowest bars are often exposed at the lowest tides.


  HOW COME? The sandbar is part of the beach’s sand exchange system, which also includes the dune, updrift and downdrift beaches, and offshore shoals. The sandbar typically has the most sand when the beach has the least, and vice-versa. A bar that is removed will re-form at the expense of the beach.


  FOUND: Nearly all beaches. Beaches with gentle slopes have the most pronounced sandbars.


  SEASONS: The summer bar is typically smaller and closer to the beach than the winter bar.


  DID YOU KNOW? After a severe hurricane, sandbars swell with the sand eroded from the beach and dune. Extensive beach-sand loss can be mirrored by a similar increase in sandbar elevation. Much of this sand returns quickly (in weeks) to nearby beaches. The sandbar is home to a varied array of small animals living within its shifting sands.


  Tides


  [image: Tide levels (ft) at two Gulf beaches 800 miles apart]


  Tide levels (ft) at two Gulf beaches 800 miles apart


  [image: Gulf neap tides occur when the Moon is at a node]


  Gulf neap tides occur when the Moon is at a node


  [image: King tides occur when the Moon is at perigee]


  King tides occur when the Moon is at perigee


  WHAT ARE THEY? Tides are periodic changes in local sea level. These levels flood until high tide then ebb to low tide. Spring tides have a large amplitude between highs and lows. Neap tides have small amplitudes.


  SIZE: Average amplitudes between Gulf high and low tides are 1–2 ft (30–60 cm).


  HOW COME? Gulf beaches have predominantly diurnal tides (one high and one low per day). The cadence of Gulf tides comes from rhythmic sloshing between the middle Gulf and its margins. This means that all Gulf beaches experience each high and low tide at about the same time. The dominant driver of this rhythm is gravitational tug from the Moon, which orbits Earth throughout a 27.3-day “tropical month.” The plane of the Moon’s orbit is inclined relative to Earth’s equatorial plane. The lunar, tide-raising force is greatest when the Moon is at its maximum angle north or south of the equator, bringing spring tides to the Gulf. When the Moon’s orbit is over the equator at a “node,” we have neap tides. During neap tides, Gulf beaches get mixed semidiurnal tides, characterized by two sets of tides per day, with one low tide and one high tide being dominant. In the top figure, Dog Island in the eastern Gulf shows this trend toward neap, mixed tides.


  FOUND: All beaches


  SEASONS: “King tides” (perigean spring tides) occur when the Moon’s elliptical orbit puts it at perigee, closest to Earth. King tides are greatest near summer or winter solstice, adding a couple of inches to high tide.


  DID YOU KNOW? “Wind tides” are common on breezy southern Texas beaches where strong onshore winds blow, forcing water ashore in an apparent high tide that can last for days.


  Waves and Surf
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  [image: A brown pelican surfs a spilling breaker]


  A brown pelican surfs a spilling breaker


  [image: Plunging breakers show a moderately sloped approach]


  Plunging breakers show a moderately sloped approach


  [image: A surging breaker slides up the beach]


  A surging breaker slides up the beach


  WHAT ARE THEY? Waves (swells) bring energy to the beach from far away. A wave “trips” in shallow water to become a breaker in the surf.


  SIZE: From 0–12 ft (0–3.7 m) in height (measured base to crest). A large, 10-ft (3-m) wave from a distant hurricane with a 10-second swell-period will evolve into a 12-ft (3.7-m) breaker. Most Gulf surf is less than 4 ft and choppy, with a crest-to-crest wave period of 4–5 sec.


  HOW COME? As a wave enters shallow water, it drags the bottom and slows down. This drag causes waves from many directions to gradually turn (refract) parallel to shore. At a depth of about 1.3 times wave height, a wave breaks. Breaking occurs when a wave slows down, gets higher and steeper, and its crest becomes turbulent. This crest slows last, pushes ahead of the wave face, and the wave breaks. Wave crests identify three kinds of breakers: spilling, plunging, and surging. Spilling breakers have frothy crests flowing down the wave-front and occur when waves advance on a gentle slope. Plunging breakers have crests that curl over the wave-base. They come from large waves approaching a moderate slope, and are the best waves for surfing. Surging breakers have crests that start to spill just as the leading wave-base slides up the beach. Surging breakers occur when the beach approach is steep relative to wave height.


  FOUND: All beaches


  SEASONS: August has the Gulf’s lowest average surf (hip-high), and December has the highest (head-high).


  Nearshore Currents
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  [image: Some currents pose a swimming risk]


  Some currents pose a swimming risk


  [image: A small rip channel through an offshore bar]


  A small rip channel through an offshore bar


  [image: Escape a rip current by swimming parallel to shore]


  Escape a rip current by swimming parallel to shore


  [image: A strong tidal current exits an inlet channel]


  A strong tidal current exits an inlet channel


  WHAT ARE THEY? Nearshore currents include the longshore current, which flows parallel to the beach, rip currents, which flow perpendicular to the beach, and tidal currents, which flow through inlets and passes.


  SIZE: Longshore currents run for miles along a beach. Rip currents end at a plume just outside the breakers. Tidal currents run the extent of inshore channels. Each can flow at a swift walking pace.


  HOW COME? The longshore current runs inside the surf and is forced by waves driving toward the beach at oblique angles. Longshore currents tend to run counter-clockwise along the Gulf’s margins, except in southern Texas, and for barrier islands that are not parallel with the Gulf’s rim. The convergence of north and south longshore currents in Texas occurs at Shell Beaches on Padre Island, where Gulf waves focus their energy (diagram, facing page). Rip currents come from waves driving water into the trough between the beach and the offshore bar. This water rushes away from the beach along short-lived rip channels through the bar. Rip currents are strongest when large swells arrive near low tide. Tidal currents go slack a couple of hours after max flood or ebb tides.


  FOUND: All beaches. Nearshore currents are strongest on beaches with high surf.


  SEASONS: Longshore and rip currents are strongest fall through early spring. Spring tides (p. 34) drive swift tidal currents.


  DANGERS: Panic induced by rip currents causes many drowning deaths. To escape a rip, don’t swim into it. Swim parallel to the beach until you exit.


  DID YOU KNOW? Although the longshore current direction can shift, its average flow is clearly revealed by net sand transport. Rivers that have supplied sand to western Gulf beaches have unique mineral-sediment signatures used to trace this flow. Analysis of sand signatures clearly shows net current flow from the Rio Grande north, from the Colorado and Brazos Rivers south, and from the Mississippi west. This net longshore flow also carries seashells. Where north and south longshore currents meet on Padre, Island, Texas, the shells carried by these currents form a vast accumulation of shell hash (p. 26) at Shell Beach(Big and Little Shell Beaches).The consistency of this convergence is due to Shell Beach’s location along the curved Texas coast. North and south of Shell Beach, the predominant wave approach is at an oblique angle, which pushes longshore current flow toward the shelly location where wave front direction averages parallel to the shoreline.”


  [image: Longshore current flow off a Florida Panhandle beach]


  Longshore current flow off a Florida Panhandle beach


  [image: Convergence of north and south longshore currents at Shell Beach, Padre Island, Texas]


  Convergence of north and south longshore currents at Shell Beach, Padre Island, Texas


  Offshore Currents


  Open-sea currents link Gulf beaches to faraway events. The Gulf of Mexico receives water that has circulated around the North Atlantic in a system of surface currents known collectively as the North Atlantic Gyre—a clockwise swirl spanning the New and Old Worlds. These currents are pushed by easterly tropical tradewinds and include a continuous flood entering the Gulf between Yucatan and Cuba. This head of water drives the Loop Current, which makes a U-turn short of the Florida Panhandle. Periodically, the Loop Current’s loop pinches off into an eddy that slowly drifts westward. Loop-Current water leaving


  

  [image: Gulf currents connect to the broader North Atlantic Gyre]


  

  Beach Weather


  [image: Flagging seaoats show an afternoon sea breeze]


  

  [image: Texas kite surfers enjoy consistent sea breezes]


  

  [image: Sunrise at the beach allows a broader view of beauty]


  

  

  

  

  

  [image: Flags announcing moderately high surf and jellyfish]


  

  [image: Beaches can be lightning hotspots]


  

  

  

  

  [image: Seasonal changes make each beach visit a unique experience]


  

  Tropical Cyclones and Northers
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  [image: In 2020, Hurricane Laura spanned the Gulf, TX to FL]


  

  [image: A Texas barge stranded by Hurricane Harvey]


  

  [image: Homes on Dauphin Is., AL, after Hurricane Katrina]


  

  

  

  

  

  

  

  Hurricane Strikes


 [image: Florida marker shows category 1–5 storm surge levels]

   

  

  [image: Hurricane-strike analysis from the NOAA NHC Risk Analysis Program with data through 2020]


  

  The Dead Zone and Red Tide


  [image: The Mississippi watershed and Gulf Dead Zone in 2010. Analysis from the NOAA National Ocean Service]


  

  

  

  [image: A red-tide fish kill]


  

  Water Color


  [image: Southern Texas seafoam green]


  

  [image: Florida’s Emerald Coast was named for its water color]


  

  [image: At its clearest, Gulf surf is blue green]


  

  [image: Near rivers, Gulf waters can look like chocolate milk]


  

  [image: Sky reflection can make any water appear blue]


  

  

  

  

  

  

  

  Inlets, Passes, and Cuts
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  [image: Mobile Pass—a natural channel dredged for ships]


  

  [image: Aransas Pass connects Aransas Bay to the Gulf]


  

  [image: Mansfield Pass steals sand from beaches north]


  

  

  

  

  

  

  

  Barrier Islands
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  [image: Western tip of Dauphin Island, Alabama]


  

  [image: Matagorda Island, a wide, Texas barrier island]


  

  

  

  

  

  

  

  Capes, Spits, and Shoals


[image: image]


  [image: Dune ridges at Cape St. George, Florida Panhandle]


  

  [image: Sand spit at the downdrift end of Galveston Island, TX]


  

  [image: Destin Pass, Florida. Flood shoal (bottom left)]


  

  

  

  

  

  

  

  Beaches at Night
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  [image: Glowing bioluminescent bacteria on a mole crab shell]


  

  [image: South Texas beaches will launch missions to Mars]


  

  [image: Perseid meteors give a mid-summer night’s show]


  

  [image: Our Milky Way galaxy]


  

  

  

  

  

  

  




  Beach Quests


  Many beachcombers delight in the beach itself. Others are driven by quests. These are the searches for uncommon finds whose prospects reinforce the beachcombing obsession. The rarest items can prompt legendary pursuits and become the symbolic excuse for a lifetime of beach adventures.


  This list briefly outlines tactics for where, when, and how to target some suggested quest incentives on Gulf beaches. The tactics describe likely times and places among many opportunities that are more fully described in the referenced pages. Even more research may be helpful. Knowing the “habits” of one’s quest item, and having a complete “search image,” are critical to realizing rare opportunities. But the most important element in fulfilling a quest is persistence. Beaches are places where every footstep and every tide brings something different. An adequately persistent and prepared beachcomber will be able to fulfill all of these beach quests, and even casual combers will find a few. Seek your quest, but don’t stray too far from the philosophy of a happy beachcomber—the best beach is the one closest to you, and the best time is every chance you get.


  Gemstone Sands


[image: image]


  Boca Chica State Park, Texas, and Ship Island, Mississippi, low beach after strong onshore winds, see page 351


  Blue Button


[image: image]


  Central and south Texas, winter following east winds, search the recent tide line, see page 62


  Common Sundial


[image: image]


  San José Island, Texas, spring tide low or on a calm day following a storm, see page 102


  Stone Points


[image: image]


  Beaches near the Texas/Louisiana border, following rough seas, record location and report to a local museum, see page 382


  Sea Turtle Hatchlings


[image: image]


  Malaquite Beach PINS, Texas, mid-June through August, call ahead and arrive before dawn, see page 397


  Black Skimmer


[image: image]


  North Padre Island, Texas, May through July in calm surf, bring binoculars and admire from a distance, see page 249


  Spotted Ground Squirrel


[image: image]


  Padre Island National Seashore, Texas, look for dune burrows, see page 260


  Sand Island Lighthouse


[image: image]


  Three miles off Dauphin Island, Alabama, use binoculars or take a boat tour, see page 394


  Round-rib Scallop


[image: image]


  Santa Rosa Island, Florida, on a calm day following a storm, search high and low, see page 119


  Ram’s Horn Squid


[image: image]


  Any beach after strong onshore winds, search the recent tide line and upper beach wrack, see page 147


  Migrating Shorebirds


[image: image]


  Grand Isle, Louisiana, April, bring binoculars and admire from a distance, see page 254


  Nesting Sea Turtles


[image: image]


  St. Joseph Peninsula State Park, Florida, June and July, you may only see tracks, but those are cool, see pages 205–207


  Texas Pricklypear


[image: image]


  Central and south Texas, blossoms in spring, see page 287


  Mary's Bean


[image: image]


  Matagorda Island, Texas, during and after windy spring days, after strong east winds, turn the wrack, see page 326


  Shark Tooth


[image: image]


  Bolivar Peninsula, Texas, spring tide low or on a calm day following a storm, see page 359


  Blue Seaglass
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  (Big and Little) Shell Beaches, Padre Island National Seashore, Texas, search the shell hash, see page 383
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  Gulf of Mexico
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