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Horseshoe Crabs and Beach System

Horseshoe crabs have two main requirements of beach systems:
Spawning and Egg Development

Delaware Bay, USA



Beach System 
Characteristics

Ample sediment supply
Waves capable of entraining sediment

Delaware Bay barrier, USA



Foreshore System

Controls - Processes ςResponses

CONTROLS
Shoreline Configuration
Straight, Irregular
Offshore Morphology 
Slope, Elevation
Shoreline Composition 
Sediment Size, Sorting, 
Moisture

PROCESSES
Winds
Speed, Direction, Duration
Waves 
Height, Period, Angle
Tides
Range, Diurnal Pattern
Currents 
Velocity, Direction

RESPONSES
Foreshore
Slope, Width
Berm Height
Backshore Width
Beach Composition
Sediment Size, Sorting, Moisture

(Source: Krumbein, 1963)

Feedback

Factors in red
Variables in black



Foreshore Slope Model

Foreshore response as a function of wave energy

(Source: Krumbein. 1963)
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Horseshoe crabs tend to favor low wave energy sites for spawning

Geologic Controls on Wave Energy

Inheritance - wave energy dissipationShoreline configuration - sheltering

Raritan Bay

Atlantic Ocean

Backshore

Spring high water

Break in slope

Backshore

Low-tide terrace

Spring high water

Break in slope

Low-tide terrace

More wave energy dissipation

Less wave energy dissipation

Low water

LowwaterHorseshoe 
cove



Low Wave Energy Beach Morphodynamics

Longshore

Wind speed  (m s-1)                8.5            9.8

Wind dir.  (az)                              067                 023

Wave height  (m)                       0.3              0.3

Water depth (MLW) (m)             1.4     1.4
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Beach Processes 

Locally generated
Fetch and depth limited

Current
velocities



Natural vsHuman - Modified Estuarine 
Shorelines

High Relief  ςPuget Sound

Barriers ςDelaware Bay



Human Processes

Human processes can intentionally or unintentionally modify the process-
response system.

Fortescue, NJ, Delaware Bay, USA (Source: Google Earth)

BUKHEADS



Human Processes and Foreshore Model
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Alter geometry via 
bulkheads, groins and 
beach nourishment

Alter sediment size and 
sorting  via beach 

nourishment

Alter wave energy via 
reflection or dissipation 

on structures

Alter offhore 
slope via beach 
nourishment

Alter currents via reflection 
or dissipation on structures



Shoreline Armoring

Sediment budget

Wall effect: sediment sequestered
Groin effect: sediment impoundment

Processes 

Wave reflection
Increase longshore current velocity
Increase sediment mobilization

What Are The Potential 
Effects?

Beach morphology

Flanking at downdrift end
Delayed post-storm recovery
Scour at base of structure
Lower beach elevation fronting structure

Where structure intersects foreshore

is important


