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Introduction to The Point

Beaches change rapidly in response to
hydrologic and atmospheric processes that work
together over time and space. For example, sealevel rises at hardly noticeable rates of
approximately 2 mm per year globally while
large storm waves and surges can pummel a
beach in a matter of hours. The suite of
processes that work synergistically on beaches
can result in substantial beach erosion. Beach
erosion occurs when (1) the fluid forces that
cause sediment to move win the constant tug-ofwar against the physical forces that resist
sediment movement (for example, gravity) and
(2) more sediment leaves an area than comes
into that area from elsewhere. Erosion is
particularly problematic along the United States’
east coast where 86% of beaches have
experienced erosion within the last 100 years
(Fenster and Dolan, 1994).
Coastal scientists work to determine the
net cause and direction of sediment transport
within these complex systems. In addition to
inundating low-lying coastal areas, rising sea
level increases the vulnerability of coastal
regions to flooding caused by storm surges and
extreme astronomic tides (FitzGerald et al.,
2008). As sea level rises, storms of a given
magnitude reach higher elevations and produce
more extensive areas of inundation. Likewise,
storm surges of a given height occur more often
in any given location. Rising sea level causes
natural processes to be exceeded more

frequently which, in turn, leads to greater
occurrences of waves breaking over seawalls
and storm surges overwashing beaches.
Erosion has forced coastal homes and
business owners to implement a variety of
shoreline protection strategies. These methods
typically fall in to one of three categories: hard
structures, soft prevention and hybrid options
(Sorensen, 1983). Hard structures typically
include shore-perpendicular devices such as
groins; and shore-parallel structures such as
seawalls, bulkheads, revetments, breakwaters
and any other installed structure designed to
absorb wave energy and/or to prevent sediment
transport. Soft prevention methods include
artificially nourishing beaches with sand or
planting vegetation to absorb wave energy,
improve water quality and enhance habitat
(Hardaway and Byrne, 1999). Building sand
dunes, in concert with planting sand stabilizing
vegetation such as American beachgrass
(Ammophila breviligulata), has also been used to
protect coastal development. Particularly in the
last decade, hybrid-type projects constructed
with a combination of structural and nonstructural approaches have been employed to
arrest shore erosion, while attempting to
maintain productive habitats (Burke, 2005).
Coastal scientists have learned that
installation of hard structures, such as seawalls,
revetments and groins can exacerbate natural
erosion processes (Tait and Griggs, 1990).
Seawalls and revetments in effect, fix the
shoreline position which, in turn, prevents the
long-term natural maintenance of beach systems
that would exist under natural conditions.
Moreover, when vegetation is scarce, sediments
become more vulnerable to erosion; thus,
development pressures that reduce vegetation on
coasts may play a role in magnifying the impacts
of the process (Halka, 2005).
The homeowners along Mosquito Point
(―The Point‖) have utilized a variety of erosion
management methods. These methods include
riprap and timber revetments, groins and
vegetative buffers. All of the hard structures at
The Point were installed within the last 30 years.
An undeveloped, 1.48 acre parcel (―The
Property‖), located on the southern portion of
The Point, has recently experienced significant
erosion.
Mosquito Point homeowners are
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concerned that continued erosion of The
Property will result in a loss or destruction of
infrastructure. Given the existing erosion and
potential impacts, an increased interest in
addressing this problem has arisen among
Mosquito Point homeowners. Consequently, the
property owner of the undeveloped parcel
approached the Environmental Studies Program
at Randolph-Macon College to address this
problem.

Study Objective
This study sought (1) to determine the
processes responsible for beach erosion at
Mosquito Point; and (2) to develop shoreline
protection strategies in agreement with the
environmental conservation interests of The
Property owner. This property is currently
owned by the Estate of Ms. Betty Price (parcel
number 39 A1 16B).

The EVST curriculum enables students
with expertise in diverse areas (specific
disciplines) to analyze and develop solutions to
complex environmental problems. For this
project, students used their areas of expertise to
analyze the historical and current physical
processes that affect The Point, determine the
demographic composition of the residents,
assess desired solutions among stakeholders,
identify relevant shoreline protection policies
and determine the economic viability of various
solutions.

Study Area
Mosquito Point, Virginia is located
approximately 4.8 km from the mouth of the
Chesapeake Bay and on the north shore of the
Rappahannock River in Lancaster County,
Virginia. The Point is situated on the Middle
Peninsula near White Stone, Virginia and covers
approximately 0.08 km2 (0.03 mi2/19.8 acres;
Figure 1). Sandy beaches dominate the higher
energy, southwestern side of Mosquito Point,

Rappahannock
River

Class Structure
Environmental professionals must be
adept at identifying the issues that comprise a
complex environmental problem, skillful in
gathering the information necessary to
understand it, creative in developing holistic
solutions and productive in interdisciplinary
teams. The Environmental Studies (EVST)
major at Randolph-Macon College teaches
students these skills using actual issues facing a
community and students work with community
stakeholders in developing the analysis. The
erosion situation at Mosquito Point served as the
project on which students worked during the
spring semester, 2009.
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Figure 1. Mosquito Point is located at the mouth of the
Rappahannock River near the mouth of the Chesapeake Bay.
The inset at the bottom left shows an enlarged view of the
study area.

2

while marshes dominate the lower energy,
northeastern side. Most properties at the eastern
end of The Point are fortified with revetments
and groins.
Some geologic features important to this
study exist upstream from The Property. These
features include a relatively large area of sand
accretion (a ―horn‖) and an exposed bluff
containing sediments of the Pleistocene-aged
(approximately 10,000 to 1.8 million years old)
Shirley Formation. This formation contains
approximately 25 meters (80 feet) of gravel,
sand, silt, clay and peat. The lower ―beds‖
within this formation consist of silty, fine sand
and sandy silt containing mollusk fossils. The
geologic beds within this Formation contain
much of the sediment that is available to nourish
the adjacent beaches (Figure 2). Consequently,
measures used to stabilize this bluff could have a
negative impact on downdrift beaches at
Mosquito Point.

The Big Picture: Coastal Processes
Wave refraction, sediment grain size and
composition, beach profile and aerial
photographic analyses revealed that multiple
processes affect sediment erosion, transport and
deposition at Mosquito Point. Ample
morphological evidence obtained from aerial
photographs and on-site observations indicates
that downriver sediment transport occurs
along the south shore of the Middle Peninsula.
This evidence includes the presence of
downriver-deflected sandy ebb-tidal deltas
upstream of The Point along the Rappahannock
River; downstream-pointing spits of sand; the
deposition of sand and sediment on the upriver
side of shore-protection structures (Figure 3);
and sandy underwater bedforms oriented parallel
to the shoreline upriver (called nearshore bars),
but oriented perpendicular to the shore (called
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Figure 3. The north shore of the Rappahannock River
approximately 4.0 km (2.5 mi) west of The Point and 1.6
km (1.0 mi) east of the Route 3 bridge, between Cherry
Point Drive and Beach Road. Note the build up of sand
on the updrift side of the groins at A and the downstream
oriented tidal channel at B. These observations provide
morphological evidence of downstream sediment
transport.

Figure 2. Bluff upstream of Mosquito Point on the bank of
the Rappahannock River. The bluff contains much of the
sediment that “nourishes” Mosquito Point beaches.

dunes) near The Point. The asymmetrical shape
of these dunes provides evidence that longshore
sand transport – the process of sand migrating in
one direction along a beach and parallel to the
shoreline – occurs naturally in a downstream
direction in this area. This downstream net
direction of transport counter-intuitively has
enabled the triangular-shaped deposit called the
―horn‖ (the large sandy beach upstream from
The Property) to migrate up the river over time.
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In fact, shoreline change maps produced from
historic aerial photographs by the Virginia
Institute of Marine Science shows that The Horn
originated from a beach located directly on The
Point in 1937. Since then, sand has accumulated
on the upstream side of The Horn as a result of
downstream directed longshore transport, with
sand supplied primarily from upstream sources
(including the bluffs located approximately 0.32
km upstream of The Point). This protruding
horn prevents longshore transport processes
from delivering the natural source of sand to the
beach downdrift of The Horn and on The
Property. Moreover, storm waves emanating
from the east-southeast focus wave energy on
and erode the downstream side of The Horn.orn
Wave approach from the east-southeast
creates a second hot spot of erosion to the east of
The Property (Figure 4). Here, wave energy
refracts around the west end of the riprap
revetment (located downstream of The Property)
and erodes loose sand from the beach
immediately adjacent to the revetment through a
process known as flank erosion (Figures 5 and
6). While the revetment may contribute to the
erosion on The Property, the general armoring of
Mosquito Point has protected The Point from
natural erosion-causing processes. These results
indicate that both natural and human-induced
processes currently modify the beach conditions
at The Property.

Figure 5. Mosquito Point as photographed in the mid
1990s. Red arrow indicates erosion and migration
direction of The Horn. Blue hand drawn lines
perpendicular to the red arrow show wave approach and
refraction around the revetment downdrift of The
Property. Image from Bill Vose, Mosquito Point resident.

Figure 6. Cartoon demonstrating the process of wave
refraction. The wave ray (black arrow) shows the
direction in which wave energy moves as a wave refracts
around a revetment. Illustration from U.S. Army Corps of
Engineers’ Low Cost Shore Protection manual.

The People’s Perspective
Stakeholders Interests
Figure 4. Mosquito Point in 2009. Blue arrow points to the
“horn” or cuspate foreland. Yellow arrow indicates the
location and direction of primary, natural erosion by waves
and red arrow indicates the location and direction of
secondary, artificial erosion by waves refracted around
hardened shoreline. Image from Google Earth.

Thirteen of 26 property owners on
Mosquito Point responded to two surveys for a
50% response rate. Most property owners reside
at Mosquito
0.5 km Point permanently (76.9%) as
opposed to utilizing their property as a summer
home, weekend getaway, or rental property
(23.1%). Additional data obtained from these
surveys indicate that the population at Mosquito
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Point consists predominately of a wellestablished, residential, middle- to upper-middle
class community.
With regard to The Property, 53.8% of
the respondents stated that they are strongly
concerned about the future of The Property,
while 15.4% stated that they were not at all
concerned. Respondents also noted that they
would prefer to conserve The Property in its
natural state (76.9%); this preference was
supported by 46.7% of respondents who were
opposed to having a research facility or
residential development on The Property.

What Residents Would Like to be Done
The ―open-ended‖ portions of the
questionnaire provided an opportunity for
residents to express their concerns as well as
their preferred options for The Property. When
asked how an erosion management structure on
The Property would affect their properties

What to do with the Property

Erosion Control
38%

Figure 7. Results from survey distributed to Mosquito
Point property owners.

aesthetically and financially, six of 13
respondents stated that a structure would be
―beneficial‖ or ―welcome‖ (Figure 7). Residents
stated that erosion prevention structures would
help to control the erosion on the properties of
Mosquito Point, as well as to preserve and
provide beach access. The overall vision of the
respondents for The Point included ―erosion
control‖ to keep ―The Point from washing away‖
(38.5%) or residential development (23.1%).
Others stated that it should be left unused
(30.8%) or made into a park (7.7%). Twenty

three percent of the residents agreed that
Randolph-Macon’s originally proposed research
station would be an inappropriate land use
option.

Local Policies Affecting Mosquito
Point
Overview
Chapter Four of the Lancaster County
Comprehensive Plan describes the goals and
policies of Lancaster County’s shoreline land
management.
The County promotes and
encourages shoreline protection strategies that
address the erosion conditions at specific
locations. In low-energy and less-developed
areas, the County supports the use of ―soft‖
erosion prevention techniques, such as fringe
marsh establishment or beach nourishment,
while discouraging hard structures such as
bulkheads and groins. In high-energy areas,
revetments are preferred over bulkheads if the
structures sufficiently armor the shore.
Furthermore, the County seeks to maintain
Resource Protection Areas (RPA) established by
the Chesapeake Bay Preservation Act (CBPA)
by assessing shoreline protection proposals from
housing subdivisions and recommending
management strategies within the guidelines of
the RPA to offset proposed impacts. Individual
property owners are also encouraged to plant
native vegetation in their RPA to enhance water
quality and protect the shoreline. Finally, the
County promotes cooperative or multi-parcel
shoreline protection strategies instead of
individual strategies within communities and
subdivisions (Lancaster County 2007).

Shoreline Protection Plan
Shoreline property owners in Lancaster
County have the opportunity to review the
various erosion protection strategies and choose
the most appropriate one for their circumstances.
Heavy armoring with hard structures results in
greater economic and environmental costs than
soft methods. However, when the extent of
erosion is severe, Lancaster County and the
Wetlands Board encourage hard structures that
will minimize the environmental impact, such as
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porous revetments that dissipate wave energy,
over concrete ones that reflect the energy.
Under the Subdivision Ordinance of
Lancaster County, newer subdivisions must
produce a shoreline management plan to
implement shoreline protection methods.
Subdivision shoreline management plans, in
contrast to individual plans, facilitate the
County’s efforts in overseeing more coordinated
efforts on a larger scale. The County promotes
this cooperative approach because it provides a
uniform and effective solution to erosion issues
and more manageably shared costs.
Vegetative methods are favored by the
County because of their reduced costs, while
increasing habitat, aesthetic value and
biodiversity. Resource Protection Areas under
the CBPA can also be maintained with
enhancement of vegetative buffers. The County
further pursues educational opportunities to
inform property owners about erosion issues and
shoreline protection alternatives (Lancaster
County 2007).

Recommendations for The
Property
We recommend that the best course of
action for controlling erosion at The Property is
to pursue a ―living shoreline‖ in combination
with a nearshore submerged reef breakwater.
This approach has ecological and financial
benefits for The Property and the surrounding
area. Living shoreline management techniques
can prevent shoreline erosion while maintaining
benefits to wildlife and water quality.
Consequently, a living shoreline is a long-term
solution to restore and enhance natural beach
habitats at Mosquito Point. These benefits are
achieved through the strategic implementation of
plants, stone, sand fill and other structural and
organic materials (Figures 8 and 9).
The environmental and financial
benefits of living shorelines outweigh the
negative environmental impacts and minimize
costs associated with ―hard‖ structures (e.g.,
revetments, bulkheads, etc.). Moreover, this
approach adheres to local land use policies.
Because The Property is situated within an area
of moderate wave energy, the hybrid erosion
prevention methods are appropriate as an

Figure 8. Example of a living shoreline showing a low
revetment in combination with sand fill and American beach
grass plantings.

erosion management strategy. A typical living
shoreline would incorporate a succession of
plants and natural filters that would be found in
undisturbed ecosystems. As recommended by
the Chesapeake Bay Foundation, this
implementation of a hybrid method would
consist of:
 riparian buffers above the high tide line,
 native trees and shrubs, including a mix of
shrubs at high tide elevation;
 tidal wetlands, including grasses, rushes
and sedges at mid-tide elevation and
marsh grasses at low tide;
 oysters, oyster balls and an oyster reef—
where appropriate
 underwater grasses in shallow water; and
 coconut-fiber rolls (biologs)
We recommend a living shoreline as the
preferred solution to the Mosquito Point erosion
problem because of its environmental benefits
and demonstrated successes throughout the
Chesapeake Bay. Many areas in the Chesapeake
Bay such as Cabbage Patch Reef (Cape Charles,
VA), Smith Island, (Crisfield, MD) and
Poquoson Reef, (Newport News, VA) have all
6

environmentally friendly solution to the erosion
problem at Mosquito Point.

Figure 9. Another example of a living shoreline showing
low revetment (rock sill) in combination with marsh
grasses. This particular hybrid solution works best in
lower energy environment such as the Mosquito Creek
side.

experienced success after implementing a living
shoreline and/or oyster reefs. Machodock Creek
in Westmoreland County, VA has also had
success with their living shoreline that includes
vegetation behind a low revetment. Another area
that has successfully incorporated a living
shoreline is Horsehead Wetland in Queen Anne
County, MD. Horsehead Wetland has
established a system of offshore oyster bars
created from stone rubble to decrease wave
energy before reaching the shoreline. In fact,
several restored oyster reefs exist in the
Mosquito Point area along the mouth of the
Rappahannock River. These areas were chosen
for restoration because of the historic presence
of oyster reefs at these locations and water
quality high enough to support benthic life.
These examples suggest that it is possible to
incorporate a living shoreline at Mosquito Point
as an erosion prevention solution (Figure 10).
The erosion control devices initially
considered, such as revetments, groins and
breakwaters are not the preferred erosion control
alternatives for The Property because of their
environmental and/or economic disadvantages.
Living shorelines - especially those with built-in
oyster reefs as breakwaters - address concerns
dealing with aesthetic appearance, erosion
control,
habitat
creation
and
overall
improvement in water quality. Consequently,
living shorelines offer a long-lasting and
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Figure 10. Recommended orientation for nearshore
submerged oyster reef breakwater.
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