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Note from the Editor
The 1st and 2nd Edition of the Virginia Oyster Gardening Guide provided the base for this expanded edition. 

Authors of and contributors to these first editions are credited for much of the content in the 3rd edition. Authors and 
editors of this edition have used their personal experience with training, education, and information gleaned from 
colleagues and industry to prepare this content. Virginia State Agencies have reviewed and provided updates to 
key sections. Special thanks go to Adam Wood and Daniel Powell at Virginia Department of Health, staff at Virginia 
Marine Resources Commission, and Karen Hudson at Virginia Institute of Marine Science who reviewed this edition 
and authored specific sections. Other thanks for Tidewater Oyster Gardeners Association (TOGA) reviewers Carlton 
McFaden and Vic Spain, coordinator Russell Mait, photographer Kent Eanes, and graphic artist Erin Blunt. This guide 
could not have been prepared without the patient assistance of desktop publishing specialists April Bahen and Virginia 
Witmer at the Virginia Coastal Zone Management Program at the Virginia Department of Environmental Quality. No 
Artificial Intelligence (AI) tools were used in the preparation of this document.

Editor, Carl Zulick, TOGA

Photo left: TOGA members building an oyster 
reef at Pittman Cove. Photo courtesy of TOGA.

Cover: Andrea Levine with a bountiful harvest. Photo courtesy of Kent Eanes.

Photo below: Carl Zulick explains oyster anatomy 
to young visitors at the Deltaville Maritime 
Museum. Photo courtesy of Kent Eanes.
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This 3rd edition of the Virginia Oyster Gardening Guide was produced in 2025 by the Tidewater Oyster Gardeners 
Association (TOGA) and the Virginia Coastal Zone Management Program (VA CZM) at the Virginia Department of 
Environmental Quality (DEQ) in partnership with the Virginia Marine Resources Commission (VMRC), Virginia Institute 
of Marine Science (VIMS) and Virginia Department of Health (VDH).

Funding to print this edition was provided by TOGA (https://www.oystergardener.org) and made possible by a 
generous grant from the River Counties Community Foundation (RCCF), 834 Rappahannock Dr, White Stone, VA 22578,  
(https://www.rivercountiescf.org). Desktop publishing was completed by April Bahen and Virginia Witmer of the Virginia 
Coastal Zone Management Program at the Virginia Department of Environmental Quality.

The first edition of the guide was released in 2006 by the Virginia CZM Program, with support from the Virginia 
Oyster Reef Heritage Foundation and the NOAA Chesapeake Bay Office, based largely on a document written in 1999 
by Mark Luckenbach, Francis O’Beirn and Jake Taylor of VIMS: "An Introduction to Culturing Oysters in Virginia."

The second edition of the guide was produced in 2013 by the CZM Program in partnership with the VRMC, VIMS, 
TOGA, VDH, Oyster Reef Keepers and the Chesapeake Bay Foundation (CBF).

This updated guide is available on the Virginia CZM Program website at https://www.deq.virginia.gov/
our-programs/coastal-zone-management/coastal-conservation/habitat-restoration/oysters and the TOGA website at 
https://www.oystergardener.org.

Gardened oysters. Photo courtesy of TOGA.
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Welcome to Oyster Gardening!

We hope this oyster gardening guide will help you learn how to grow oysters while gaining an understanding of the 
value that oyster gardening brings to improving habitat, water quality, and the overall vitality of the Chesapeake Bay. 

It’s important to recognize that everyone living in the Chesapeake Bay watershed can make a difference! You don’t 
need to be an oyster gardener or waterfront owner to help the Bay and its oysters. The quality of the Bay starts in or on 
every backyard, farm, road, city, parking lot, construction site, and business in the six-state watershed. All runoff ends 
up in the Bay, carrying whatever moves with air or water or is water-soluble. Water quality affects all life in the Bay, and 
oysters, as a keystone species, have a positive effect on all living things in the Bay. That’s the reason this 3rd edition of 
the Virginia Oyster Gardening Guide has integrated discussions on the watershed, ecology, biology, and water quality 
while including how to create and maintain an oyster garden.

Whether you plan to eat the oysters from your garden, use them for reef restoration, or simply support oyster 
conservation efforts, growing oysters improves the Bay’s health by filtering water, improving water clarity that helps Bay 
grasses grow, and creating habitat for many fish and animals.

Equipment, forms, technology, data, and addresses can change over time, so please check websites at TOGA, 
VDH, VIMS, VMRC, VA CZM, DEQ, CBF, or other sites listed in this guide for the most current information.
 

We hope that you will share your oyster gardening experiences with others and encourage them to take up this 
exciting hobby. Remember, even if you don’t own waterfront property, your friends, neighbors, employers, schools, local 
parks, and businesses might. If they are willing to share their space, you could directly benefit as well as inspire more 
people to get hooked on oyster gardening.
								      
Carl Zulick, Master Oyster Gardener and Editor

Photos left to right: oyster float, courtesy of TOGA; oyster seed, 
courtesy of TOGA; oysters on the half shell, courtesy of CBF.Oyster Gardener - 

A person involved in the non-commercial 
aquaculture of oysters. It's a popular activity 
whereby oysters are grown for restoration purposes, 
improving water quality in the Bay, and/or personal 
consumption in approved harvest areas.   
www.vims.edu/research/units/centerspartners/
map/shellfish-aquaculture/oyster_gardening/  

Oyster Enthusiast - 
A person who has an active interest in oysters 
and/or supports oyster restoration to improve the 
health and productivity of Virginia waters but may 
not raise oysters. 
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Chapter 1 - The Chesapeake Bay Watershed and Bay Ecology

An Understanding of the Bay is Important to Oyster Gardening

The Chesapeake Bay watershed extends 524 
miles long into six states and the District of Columbia. 
Three states make up 83 percent of the watershed- 
35% in Pennsylvania, 34% in Virginia and 14% in 
Maryland. The remaining 17% of the watershed is
in New York, Delaware, West Virginia, and the 
District of Columbia.

About 18 million people live in the 64,000 
square-mile Chesapeake Bay watershed. The Bay 
generates over one trillion dollars for the economy 
and plays a major role in jobs in the mid-Atlantic 
region. Virginia's coastal population alone increased 
41% from 3 million in 1986 to 4.9 million in 2023. 
According to the Chesapeake Bay Commission, the 
land-to-water ratio of the watershed is 14 to 1, the 
highest of any large, enclosed coastal water body 
in the world. Because so much land area drains into 
a much smaller area of the Bay, human activities 
in the watershed have an amplified effect on the 
health of the Bay. Population growth, increasing 
land development, and human activity place an 
ever-increasing burden on the health of the Bay and 
create regional challenges to control and manage 
any negative impacts.

The Chesapeake Bay – 
 A Brackish Water Estuary 
 
    The Bay is 200 miles long (north to south) and up to 30 miles wide (east to west). The deepest part of the Bay 
is 173 feet, but its average depth is only 21 feet, according to the Chesapeake Bay Commission (CBC). The CBC 
reports that more than 100,000 creeks, streams, and rivers in the watershed transport fresh water into the Bay. 
Among those, the seven largest rivers are the Susquehanna, Potomac, James, Rappahannock, York, Patuxent and 
Choptank. Groundwater and the rivers’ freshwater mix with salt water from the Atlantic Ocean, creating more than 18 
trillion gallons of brackish water. 

The Bay is the second-largest estuary in the world. An estuary is a partly enclosed body of brackish water that 
opens to the sea. The amount of salt in the Bay’s water is measured by the salinity level, which increases closer to 
the ocean and is highly diluted in the upper reaches of tidal rivers. The Chesapeake Bay estuary opens to the Atlantic 
Ocean in the south near Norfolk, VA. According to the CBC, the Bay estuary supports about 3,600 species of plants 
and animals, including 348 species of finfish, 173 species of shellfish and 2,700 species of plants that may require 
certain levels of salinity to thrive. 

Chesapeake Bay Watershed. Source: Chesapeake Bay Program

The Watershed – Headwaters of the Chesapeake Bay 
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Watershed activities and uses that can affect the Bay include landfills, logging, agricultural fertilizer and herbicide runoff, air pollution, 
mining, housing, urbanization, land development, malfunctioning septic systems, stormwater and street drains, wastewater effluent, pets, 
poultry farms, marinas, pesticides, cars, boats, pharmaceuticals, dams, clearing riparian vegetation, and wetland destruction. 

Chesapeake Bay Watershed Activities, credit: TOGA, Design and Illustration by Erin Blunt.

The Health of the Bay and its Complex Ecosystem

The Bay’s ecology is closely connected to human activity. These activities can increase water runoff, promote soil 
erosion, and escalate siltation, all of which convey contaminants into the groundwater and surface waters that feed the 
Bay. Additionally, contaminants can be released into the air, which can be carried into the Bay.

Many species of fish and animals rely on the Chesapeake Bay for food, resting areas during migration, winter habitat, 
and breeding grounds. Estuaries are highly balanced ecosystems that are sensitive to changes, and the Chesapeake 
Bay is no exception. Congress established the National Estuarine Research Reserve System to study and protect 
estuarine systems. Two areas within the Bay are part of the network of 30 reserve areas throughout the country. These 
areas are managed by NOAA and coastal states.
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It is estimated by the Chesapeake Bay Program (CBP) that up to 8.0 billion pounds of sediment enter the Bay from 
runoff and erosion every year. Runoff carrying contaminants and sediment from the land can smother shellfish and coat 
hard surfaces. Oyster spat cannot set when they are babies if no clean, hard surfaces are available.

Grass shrimp can live in shallow waters that have aquatic grasses 
or oyster reefs. Photo courtesy of NOAA.

Bay scallops on the submerged aquatic grass, eelgrass.  
Photo courtesy of VIMS.

Air and water pollution add 300 million pounds of 
nitrogen and 16.5 million pounds of phosphorus into the 
Bay. These nutrients cause macroalgae and microalgae 
blooms which increase chlorophyll concentrations, reduce 
water clarity, increase turbidity, and reduce sunlight to the 
bottom, all of which impair aquatic grasses that provide 
habitat for crabs, fish, and other aquatic life.

When the algae die, their decomposition consumes 
dissolved oxygen, which creates a condition known as 
anoxia (an absence of oxygen). Oxygen-depleted dead 
zones harm or kill less-mobile fish and immobile shellfish, 
including oysters. Dead zones in the Bay have been 
measured every year since 1985. Despite spikes in 2017 
and 2021, the CBP’s researchers accurately predicted 
lower rainfall in the spring of 2023 would result in lower
amounts of nutrients being released from land sources, 
and, consequently, the Bay’s dead zone would be 
reduced 33% below average. In fact, the Chesapeake 
Bay Foundation (CBF) reported that water monitoring 
data collected in 2023 by the Maryland Department of 
Natural Resources, Old Dominion University, and Virginia 
Institute of Marine Science (VIMS) produced the smallest 
dead zone area on record – only 0.52 cubic miles.

Warming waters have an impact on an ecosystem, 
bringing both predictable and unpredictable change. 
NASA and US Geological Survey satellites have collected 
years of data showing warming trends in the atmosphere, 
oceans, and land. The World Meteorological Society 
reports that the eight years from 2015 to 2022 are the 
warmest on record. NASA data show the earth’s surface 
temperature has increased two degrees Fahrenheit 
since the late 1800s. Research by NASA and NOAA has 
linked extreme weather to change in climate. Increased 
air and water temperatures bring new species of plants, 
animals and insects into the Bay and its watershed, as 
evidenced by dolphin and manatee sightings, larger and 
more abundant shrimp populations, and widgeongrass 
replacing eelgrass as the dominant seagrass species in 
the Bay (VIMS, May 2023).  These changes can affect 
oysters and their habitat.
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Photo above: In addition to helping to clear the water by filtering 
out algae and sediment, natural oyster reefs provide habitat to 
a wide variety of finfish and shellfish. Can you see the Oyster 
Toadfish hiding among the oysters? Photo courtesy of CBF.

Plans Protecting the Health of the Bay 

Many Federal, State, and Local agencies are working with non-profits and others to protect the Bay. Efforts to 
reduce nutrient and sediment impact focus on land-based solutions such as riparian buffers and improved agricultural 
practices because most pollution comes off the land. Congress added specific protection for the Chesapeake Bay to 
the Clean Water Act in the late 1970s, commissioning a study to assess the Bay’s critical loss of wildlife and aquatic 
life. The study concluded that nutrient pollution was the primary issue, and the CBP was initiated to address potential 
solutions. In 1987, the Program’s Chesapeake Bay Agreement set restoration and pollution reduction goals for six 
states and the District of Columbia. The plan’s milestones were set to be reached by 2025, and the U.S Environmental 
Protection Agency committed to enforcing those goals. The Chesapeake Clean Water Blueprint consolidated all state 
and federal plans to restore the water quality of the Bay and its tributaries. 

In their 2022 State of the Chesapeake Bay Report, the Chesapeake Bay Foundation (CBF) reported “Since the 
Blueprint was established in 2010, states have put in place practices to achieve an estimated 42 percent of the nitrogen-
pollution reductions and 64 percent of the phosphorus reductions that the Blueprint requires. Much of this progress 
is due to reducing pollution from wastewater treatment plants.” The CBF 2022 assessment of the implementation of 
Blueprint’s goals received a D+, which was unchanged from 2020 (https://www.cbf.org/about-the-bay/state-of-the-bay-
report/index.html). But government alone cannot save the Bay. Homeowners, communities, industry, and farms can 
each undertake practices that contribute to reducing the amount of nutrients and pollutants entering the Bay. Protection 
starts in everyone's backyard.

Oysters are a keystone species of the Chesapeake 
Bay, and other aquatic life depends on them. Think 
how different the Bay would be without oysters!

Photo above: Oyster Reef. Photo courtesy of 
Oyster Recovery Partnership & NOAA Fisheries.

Photo above: TOGA President Emeritus 
Doug Schaefer demonstrates how oysters 
clean Bay water at the Urbanna Oyster 
Festival Education Day. Photo courtesy of 
Kent Eanes.
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Hampton City Schools student shows her oyster message: 
 “I want clear waters in VA”. Photo courtesy of Betsy McAllister.

The Importance of Oysters to the Bay and Our Communities 

Virginia’s native oyster, Crassostrea virginica, is a 
keystone species in the Bay’s ecosystem. Other aquatic 
plants, fish, and animal species rely on oysters to create 
reef habitat, improve water quality and clarity, promote 
aquatic vegetation, and be a source of food. Oysters 
improve water quality by feeding on algae and plankton. A 
single oyster can filter up to fifty gallons of water per day 
under ideal conditions.                                     

According to the 2018 USDA National Agricultural Statistics Service, the sale of Virginia wild and cultured oysters 
generated over $60 million of revenue in 2018. The USDA counted 143 oyster farms, which was up significantly from 
only 60 farms in 2013. The Virginia Marine Resources Commission (VMRC) estimated for the year 2023 that private 
aquaculture farms produced over 400,000 bushels of oysters while watermen harvested 300,000 bushels from public 
grounds. This was the largest harvest since 1988 and ranks Virginia as the largest oyster producer on the East Coast. 
The harvest supported both workers and businesses across multiple states as oysters made their way from docks to 
consumers’ tables. 

Oysters also provide value as a nutritional food source. According to the Healthline newsletter (https://www.
healthline.com/nutrition/oysters), oysters contain protein, carbohydrates, fat, zinc, vitamin B12, copper, selenium, iron, 
manganese, phosphorus, vitamin E, riboflavin, and calcium, while also supplying valuable omega-3 fatty acids and 
antioxidants. Aside from their nutritional value, Chesapeake Bay oysters are recognized around the world as a highly 
sought-after delicacy. 

Contrary to some beliefs, Virginia oysters are not a commercial source of pearls. Although it is possible for edible 
oysters from the family Ostreidae (such as Crassostrea virginica) to produce pearls, it is oysters from the family 
Pteriidae that produce the pearls used in jewelry.  

Bay communities benefit from oyster festivals, community oyster roasts, shucking contests, and tourism. Oysters 
are an important part of Chesapeake Bay lifestyles, whether creating jobs for watermen and aquaculturists, being 
featured in local restaurant menus, protecting shorelines and aquatic habitat, improving water quality, or simply as a 
hobby for an oyster gardener.

Oysters Contribute to Virginia's Economy and Culture

Along with consuming algae, oysters also remove 
excess nitrogen, phosphorus, silt, and other pollutants. 
Nitrogen, phosphorus, and nutrients are necessary for 
a healthy ecosystem. However, in high concentrations, 
they can promote algae blooms, which decrease oxygen 
levels in the Bay. Low oxygen levels cause “dead spots” 
where plants and bottom-dwelling animals cannot survive. 
With cleaner and clearer water, more sunlight passes 
through to the bottom, supporting underwater grasses 
that are critical as habitat for the Bay’s populations of blue 
crabs, fish, and other animal species. As oysters grow on 
the surface of old shells, reefs are formed. These reefs 
stabilize and protect shorelines from erosion and create
habitat for hundreds of species including fish, eels, crabs, worms, shrimp, and plant life.
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Chapter 2 - Oyster Biology and Lifecycle

Anatomy of an Oyster. TOGA Graphic courtesy of Carl Zulick.

Biology 

The native Eastern oyster, Crassostrea virginica, 
usually lives in water depths of between 3 and 25 feet and 
naturally forms three-dimensional reefs when it reproduces. 
An oyster orients itself with the flared edge of its shell tilted 
upward. The left valve is cupped, while the right valve is 
flat. The oyster uses its adductor muscle to open its shell 
to feed on plankton. It removes particulate algae and 
sediment from the water by beating the cilia on its gills 
and drawing water in at a rate of up to 2 gallons per hour. 
Food particles are caught in mucous strings on its gills and 
are then passed around the gills to the palps where some 
of the food is ingested. The remainder of the particles are 
released as “pseudo-feces”, which effectively packages 
and removes sediment from the water column and places 
it on the bottom. When water temperatures fall during the 
winter, oysters stop filtering and seldom open their shells 
to feed, but they will lose very little weight during this time.

Oysters are scientifically classified as 
mollusks, a word from the Latin meaning 
soft. 

Common name: Eastern oyster
Latin name: Crassostrea virginica
Kingdom: Animalia (animals)
Phylum: Mollusca (mollusks)
Class: Bivalvia (bivalves)
Order: Ostreoida (oysters and scallops)
Family: Ostreidae (true oysters)
Genus: Crassostrea
Species: Crassostrea virginica
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Oyster Life Cycle, TOGA Graphic courtesy of Erin Blunt.

Lifecycle 

After a period in which oysters go through gametogenesis, a process where they convert much of their body mass 
into either eggs or sperm, an increase in water temperature triggers male oysters to release sperm and females to 
release eggs into the water. Millions of eggs and sperm will cloud the water. A single female oyster produces 10 to 100 
million eggs each year where they are fertilized by sperm in the water column.

Fertilized eggs develop and progress through a series of free-swimming larval stages over a period of 14 to 20 
days, depending on water temperature. These stages are referred to as the trochophore, veliger and pediveliger. The 
trochophore larvae feed on very small algae as they move through the water column. Trochophore larvae quickly 
develop into more motile veliger larvae. Toward the end of the larval cycle, veligers develop a pigmented eye spot (then 
called eyed larvae) and a foot (thereafter called pediveligers). The larvae engage in a searching behavior until they 
find a suitable hard substrate on which to attach (set) and they transform into small oysters. Finding a clean substrate 
(cultch) such as clean oyster shell, granite, concrete, wood, PVC plastic, some metals, or other hard surface is essential 
to their survival.
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Eyed pediveligers settle out of the water column when they are approximately .01 inch (0.3 millimeters) and may be 
stimulated to settle by the presence of adult oysters. The eyed larvae can move only very small distances in order to find 
a suitable spot to settle. Once settled, they attach and transform into small oysters called spat. Spat soon begin feeding 
on algae by filtering water through their gills and a special structure (labial palps) located just in front of the mouth.

Pediveliger. Pictomicrograph of eyed larvae with pseudopod extended. 
Photo courtesy of Michael Congrove, VIMS.

Oysters usually become sexually mature in one year. There is no way of telling male oysters from females by simply 
looking at them. While oysters have separate sexes, they may change sex one or more times during their lifespan. They 
are protandric, which means that they spawn as males during their first year, but, as they grow larger and develop more 
energy reserves over two to three years, they then spawn as females. According to NOAA, Eastern oysters can live up 
to 20 years. Oysters have shorter lifespans as compared to ancient oysters which were larger and lived 4 times longer 
(https://www.science.org/content/article/when-long-lived-oysters-roamed-earth). They usually live only four to six years 
before often succumbing to disease or predation, and this drives commercial operations to harvest at two or three years 
(or even earlier) into the oysters’ lifecycle.

Successes in Restoration Efforts  

Brief History of the Oyster Population

Large three-dimensional oyster reefs were once a prominent feature of the Chesapeake Bay. Captain John Smith 
reported in the early 1600s that a person could practically walk across the James River on the tops of the oyster reefs. 
Colonists used hand tongs to harvest oysters, but by the 1800’s dredges were introduced and harvests grew significantly. 
With the introduction of skipjack boats, steam-powered dredges, refrigeration, and in 1869 the transcontinental railroad, 
the demand for oysters grew. During the Civil War, oyster reefs were still so large that they were a danger to navigation., 
The Chesapeake Bay Program reported that Virginia produced 1.5 million bushels of oysters per year in the 1850’s, 
with approximately 20 million bushels being harvested by 1880. But overharvesting beginning in the mid-1800s lasted 
through the 1930’s and caused a precipitous decline. After a slight recovery in the 1940s and 50s, oyster harvests 
drastically declined again in the mid-1950s, reaching their lowest points in the 1990s and early 2000s. This decline in 
oyster populations was due to over-harvesting, habitat loss, poor water quality, and two diseases, MSX and Dermo. As 
a result of these adverse man-made and natural pressures, only a small percentage of the oyster population now exists.

Oyster larvae can swim and drift in the tide 
or current. After 3 weeks, they develop a foot 
and attach themselves to wood, concrete, 
porcelain, rock, metal, or shell and remain 
immobile the rest of their lives.
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Beginning in the 1980’s researchers and scientists improved the genetics of oyster stock and introduced non-
reproducing triploid oysters that improved resistance and year-round marketability. Over the last decade, wild oyster 
populations also improved through natural selection, and the oyster aquaculture industry has grown. In 2023, the 
Virginia Marine Resources Commission (VRMC) extended the state's harvest season in certain locations after its 
survey found the wild oyster population was at its highest level in 35 years. The VMRC estimated a 2023 annual wild 
harvest of 300,000 bushels and an additional farm-raised harvest of 400,000 bushels-- the most since 1988.

Source: Shellfish Management Division, Virginia Marine Resources Commission (VMRC), 2023.  Oysters 
produced by private aquaculture operations exceeded the amount harvested from public oyster grounds 
and were the highest on record since 1988.

The VA Oyster Replenishment Program administers four to ten million dollars annually and is the largest 
replenishment program in the United States (source: the VMRC Shellfish Management Division Evaluation 2/28/2023). 
In addition to the traditional public oyster harvest from open waters, private hatcheries and commercial aquaculture 
have spurred oyster production in Virginia. Working with nonprofits, business, and academia, Virginia and the 
Federal Government have invested in reef restoration in the Great Wicomico, Lafayette, Lower York, Lynnhaven, and 
Piankatank Rivers. Oyster Management Plans have helped keep public oyster grounds productive by using rotational 
harvests and other techniques. A three-year rotational harvest protocol allows the maximum amount of harvest before 
oysters succumb to disease and then allows each area time to "rest", which provides an undisturbed opportunity for the 
oysters to reproduce and replenish the harvest area. In addition to the public oyster grounds that can be commercially 
harvested, Virginia has established six oyster sanctuaries that are completely closed to harvest.




































































































































