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Eastern Oyster
Crassostrea virginica (Gmelin, 1791)

Contributor: Peter Kingsley-Smith (SCDNR)

DESCRIPTION

Taxonomy and Basic Description

The Eastern oyster, Crassostrea virginica, was
first identified by Gmelin (1791) and over time
has been shown to be synonymous with a number
of other species. Harry (1985) recognized only 4 species in the genus Crassostrea, namely C.
angulata, C. virginica, C. columbiensis, and C. gigas. Menzel (1987), observing ease of
hybridization and chromosomal patterns in hybrids, suggested that C. virginica, C. columbiensi,s
and C. gigas should be considered the same species with, C. columbiensis and C. rhizophorae
being subspecies of C. virginica. Crassostrea v. guyensis and C. v. lacerate—reported from
Venezuela—are subspecies of C. virginica (Ahmed 1975), and C. crassa, C. brasiliana, and C.
floridensis are synonyms of C. virginica (Abbott 1974; Quayle 1980; Castillo-Rodriguez and
Garcia-Cubas 1986). Ahmed (1971, 1975) believed C. madrasensis in India and Pakistan to be
C. virginica based on their very close morphological similarities, while Lamy (1929-1930)
reported many other synonyms of C. virginica (see also recent papers by Reece et al. 2008,
Cordes et al. 2008, and references therein.).

The Eastern oyster, Crassostrea virginica (Phylum Mollusca; Class Pelecypoda or Bivalvia;
Order Lamellibranchia; Family Ostreidae), is a monomyarian (anterior adductor muscle has been
lost) lamellibranch with a pronounced bilateral asymmetry and restricted coelom typical of the
class (Seed 1983). The shell of C. virginica consists of 2 calcareous valves, joined by a resilient
hinge ligament, and serves as an exoskeleton to support the soft internal organs and prevent the
collapse of the mantle cavity. The left valve is almost always thicker and heavier than the right
valve and more deeply cupped (Yonge 1960; Galtsoff 1964), while the post-settlement form is
cemented to the substrate on the left valve. Shell hinge teeth are absent in C. virginica, although
a buttress on the right valve fits into a depression on the left valve (Stanley and Sellers, 1986).
The interior of the shell of C. virginica has a purple pigmented adductor muscle scar located
slightly posteriorly and ventrally. This feature can be used to distinguish C. virginica from other
similar species of Crassostrea (e.g. lightly pigmented in C. rhizophorae and C. gigas;
unpigmented in C. rivularis). A second muscle scar—of the Quenstedt’s muscle—is situated
ventral to and a short distance from the hinge (Stanley and Sellers 1986). Species of Crassostrea
are distinguishable from species of Ostrea by the promyal chamber which is well-developed in
Crassostrea but not in Ostrea. The growth form of C. virginica is highly variable (McLean
1941) and is strongly affected by environmental conditions.

The internal organs of bivalves are covered by a fleshy fold of tissue called the mantle that
deposits the shell. The gills of C. virginica consist of 4 folds of tissue that are suspended from
the visceral mass and occupy much of the mantle cavity. Together with the mantle, the gills are
the main organs of respiration and create water currents that enable food particles to be captured
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and sorted by the labial palps prior to ingestion at the mouth and digestion. Extensive
communities of filter-feeding bivalves are capable of improving water clarity and quality through
high filtration rates associated with feeding and the transfer of nutrients from the water column
to the benthos (Ulanowicz and Tuttle 1992; Dame 1999; Dame et al. 2001; Newell 2004; Porter
et al. 2004). The most comprehensive work describing the anatomy and histology of C. virginica
is that by Galtsoff (1964), with a thorough review of many aspects of the biology and ecology of
this species having recently been compiled by Kennedy et al. (1996).

Crassostrea virginica is a protandric, gonochoristic or dioecious alternate hermaphrodite (Coe
1943; Mackie 1984) with an annual reproductive cycle that culminates in spawning and external
fertilization in the water column. Reproduction is typically triggered by periods of higher water
temperatures (e.g. Loosanoff and Davis 1963) that support abundant phytoplankton that enable
larvae to grow rapidly. Adult oysters are responsive to macroscale environmental changes that
stimulate gametogenesis and spawning when conditions are suitable for larval survival and
gametogenesis. These processes are synchronized between the sexes such that eggs and sperm
are released concurrently, maximizing the number of eggs that are successfully fertilized.
Following fertilization, blastula and gastrula stages occur, and the first larval form (trochophore)
hatches from the egg and begins to swim (Galtsoff 1964). The trochophore persists for 24 to 48
hours, depending on water temperatures, before developing into the veliger (or D-shape) stage
which is protected by the larval shell. The planktotrophic veliger stage, which typically lasts 2 to
3 weeks, takes its name from the ‘velum’—a structure that enables the veliger to swim and feed
and which is resorbed after settlement (Baker and Mann 1994). Temperature and food supply
affect the length of the larval period, with increases in time undoubtedly leading to decreased
survival due to extended exposure to predators and disease (Underwood and Fairweather 1989).
Larvae that survive in the plankton to reach the “eyed” stage explore the substrate as
pediveligers, searching for suitable locations to adopt the permanently benthic form whereupon
cementation occurs. Early post-settlement and post-metamorphic stages in bivalves are referred
to as “spat” which feed, grow, and mature into the adult form.

Status

Crassostrea virginica is not State or Federally listed, although this species plays a pivotal
ecological role in the health of marine and estuarine ecosystems as an individual species and
collectively as a priority habitat (reef). Populations of C. virginica, have declined along much of
the Mid-Atlantic coast of the United States during the last century due to a combination of over-
harvesting (Gross and Smyth 1946), habitat degradation (Rothschild et al. 1994), reduced water
quality (Seliger et al. 1985), disease (Ford and Tripp 1996; Lenihan et al. 1999), the interactions
among these factors (Lenihan and Peterson 1998), and ecosystem shifts (see Rothschild et al.
1994; Luckenbach et al. 1999; Dame et al. 2002). Newell (1988) estimated that the extant
population of C. virginica in Chesapeake Bay was approximately 1% of the biomass present a
century earlier. Furthermore, Beck et al. (2009) recently highlighted the imperiled status of
shellfish habitats, with an estimated 85% loss of habitat on a global scale, placing them as the
most threatened of marine habitats. Wild populations of C. virginica are harvested both
commercially and recreationally in South Carolina, and aquaculture on leased grounds (culture
and mariculture permit areas) is increasing. To ensure that populations of C. virginica in South
Carolina remain abundant, extensive efforts at the SCDNR Marine Resources Division—both by
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the Office of Fisheries Management and the Marine Resources Research Institute Shellfish
Research Section—continue to be directed towards assessments of the distribution of C.
virginica statewide to monitor changes in the acreage and condition of intertidal oyster reef
habitat using ground-, boat-, and helicopter-based survey techniques.

POPULATION SIZE AND DISTRIBUTION

The Eastern oyster, Crassostrea virginica is distributed in the Western Atlantic along the coasts
of Brazil and Argentina northwards through the Caribbean and Gulf of Mexico to the St.
Lawrence River estuary in eastern Canada, representing a range of some 8,000 km (4,971 mi.)
(Buroker 1983; Newball and Carriker 1983; Garcia-Cubas et al. 1987; Andrews 1991).
Crassostrea virginica has also been introduced to a wide geographic range of localities,

including the west coast of North America, Hawaii, Australia, England, Japan, and possibly other
areas, but in general has not become established there (Quayle 1988; Arakawa 1990). A review
of non-native oyster introductions and the ecological consequences and restoration implications
of these actions was recently provided by Ruesink et al. (2005).

HABITAT AND NATURAL COMMUNITY REQUIREMENTS

Crassostrea virginica is critically dependent on a mixture of saltwater with freshwater from land
drainage (Butler 1954) and therefore occurs commonly in estuaries and coastal areas of reduced
salinity as extensive reefs on hard to firm bottoms, both intertidally and subtidally (Meyer and
Townsend 2000; Wilson et al. 2005). Crassostrea virginica forms extensive, 3-dimensional reef
habitat through the settlement of competent larvae on the shells of previous generations. The
natural environmental factors governing the distribution of Crassostrea virginica were recently
reviewed by Shumway (1996). Adult C. virginica are highly tolerant of broad ranges in salinity
and temperature, making them well-suited to life in the estuary and, in South Carolina, to a
predominantly intertidal distribution. Adult oysters are found in waters where the annual
temperature range is from -2°C to 36°C (28-97°F) (Butler 1954; Gunter 1954; Galtsoff 1964).
Galtsoff (1964) reported that oysters can survive intertidal temperatures of 46°C to 49°C (115-
120°F) when exposed at low tide. In terms of salinity, across its geographic range, C. virginica
occurs from ~ 5 ppt to ~40 ppt (Galtsoff 1964; Wallace 1966). If left undisturbed in an optimal
environment, oysters will continue to grow for many years. Galtsoff (1964), for example,
reported a maximal shell height of Crassostrea virginica of 36 cm (14 in.), although the majority
of oysters experience mortality prior to reaching this size.

More than 95% (over 850 ha or 2,100 acres) of the South Carolina oyster populations are
intertidal (Bahr and Lanier 1981; Burrell 1986), consisting of 3-dimensional, multi-generational,
vertical clusters of oysters. The vertical height of oyster reefs in an otherwise 2-dimensional
sedimentary landscape and the interstitial space generated by these clusters are central to the
ecosystem services that they support. Historically, both intertidal and subtidal populations of C.
virginica were distributed widely throughout coastal South Carolina; however, reported landings
of subtidal populations of C. virginica have seen a steep decline since the mid-1900s. Anecdotal
information from SCDNR shellfish managers and commercial growers indicates that certain
estuaries still support limited subtidal populations of C. virginica. However, a targeted habitat
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survey of subtidal oysters in South Carolina has not been undertaken in nearly 45 years (Keith
and Cochran 1968).

Intertidal C. virginica populations, unlike subtidal populations, form natural breakwaters that
protect fringing salt marshes from erosion (e.g. Meyer et al. 1997; Coen and Luckenbach 2000;
Piazza et al. 2005). South Carolina has more acreage of salt marsh (234,058 ha or 578,368 acres,
Newell and Pearson 2009) than any other Atlantic Coast state, and much of it is protected by
adjacent intertidal oyster reefs. Many of the species utilizing these habitats take advantage of
their close proximity to one another as both nursery and foraging grounds.

CHALLENGES

Salinity affects the distribution of oysters directly through its physiological consequences on the
oysters themselves and indirectly through its role in determining the relative incidence of
predators (e.g. fish, gastropods, crabs, and polyclad flatworms), pests (e.g. boring sponges, mud
worms, pea crabs), competitors (e.g. barnacles, sponges, bryozoans, and other molluscs), and
disease-causing protistan parasites, in particular those responsible for the endemic diseases MSX
(Haplosporidium nelsoni) and Dermo (Perkinsus marinus). These challenges to oyster
populations generally increase at higher salinities.

Crassostrea virginica has been heavily exploited and widely cultivated throughout much of its
geographic range (Galtsoff, 1964; Garcia-Cubas et al. 1987; Quayle and Newkirk 1989; Andrews
1991; Menzel 1991; Nascimento 1991). Sustainable management of state and public shellfish
grounds and Best Management Practice (BMP) approaches to aquaculture, are therefore
important for the long-term viability of C. virginica populations in South Carolina. Although C.
virginica in South Carolina has not been as extensively exploited as the C. virginica populations
in the Mid-Atlantic States, the rapid pace of coastal development has created numerous threats to
tidal creek habitats with inevitable undesirable impacts (e.g. Lerberg et al. 2000; Van Dolah et al.
2004; Holland et al. 2004). Particularly, these involve: increased runoff from upland clearing and
associated non-pervious surfaces; contaminants (which are particularly detrimental to larval
stages) such as pesticides and heavy metals (see Capuzzo 1996 and Roesijadi 1996, respectively,
for recent reviews); water quality closures resulting in concentrated harvest pressure on open,
harvestable beds; impacts from dredging and other channel manipulations; and boat-related
impacts. Boat wakes and intense harvesting can both easily damage intertidal reefs, and the
vegetated marsh habitats protected by these reefs can rapidly erode when the reefs are
compromised (e.g. Kennish 2002). Furthermore, several South Carolina estuaries including
Charleston Harbor, Winyah Bay, and Port Royal Sound have been heavily impacted by industrial
activities, shipping, chronic pollution, and habitat destruction related to urbanization. These
threats to oyster reefs have prompted extensive efforts to protect, restore, and enhance these
critical coastal habitats.

CONSERVATION ACCOMPLISHMENTS
Oyster reefs are now broadly recognized as “ecosystem engineers” (see Luckenbach et al. 1999;

Gutiérrez et al. 2003; ASMFC 2007) that form complex habitats utilized by numerous finfish,
invertebrates, wading birds, and mammals (Coen et al. 1999; Lehnert and Allen 2002; ASMFC
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2007; Peterson et al. 2003; Shervette and Gelwick 2007, 2008). Within the Southeast Region, the
South Atlantic Fishery Management Council (SAFMC) has designated estuarine marshes, oyster
reefs, associated estuarine water columns, intertidal flats, and areas of submerged aquatic
vegetation (SAV) as essential fish habitat (EFH). In South Carolina, oyster reefs are also
considered critical habitats of concern in both the State Conservation Plan and the State Wildlife
Action Plan (formerly the CWCP), primarily due to their provision of habitat for a number of
species of concern (e.g. Atlantic blue crab, Callinectes sapidus; stone crab, Menippe mercenaria,;
Southern Flounder, Paralichthys lethostigma; and the American oystercatcher, Haematopus
palliates). Both the ACE Basin National Estuarine Research Reserve (NERR) and the North
Inlet-Winyah Bay NERR list oyster reefs as important habitat, and The Nature Conservancy
recently completed a biological assessment of the Carolinian Ecoregion that specifically
identified oyster reefs as a priority conservation target (DeBlieu et al. 2005).

Oyster reefs provide essential habitat for federally-managed (ASMFC) species such as Red
Drum (Sciaenops ocellatus), Atlantic Croaker (Micropogonias undulatus), Black Sea Bass
(Pogonias cromis), Spotted Sea Trout (Cynoscion nebulosus), Spot (Leiostomus xanthurus),
Atlantic Menhaden (Brevoortia tyrannus), Southern Flounder (Paralichthys lethostigma),
members of the snapper-grouper complex (managed by SAFMC), Atlantic blue crab (Callinectes
sapidus), and penaeid shrimp species (Shervette and Gelwick 2007, 2008). A number of prey
species of the Southern Flounder, P. lethostigma, a South Carolina priority species in the SWAP,
for example, have been shown to be associated with edge habitats including oyster reefs (Reagan
1985). Many of these species depend on the inter-relationships of oyster reefs and adjacent
marsh habitats for their survival during various life stages. In turn, these species provide prey for
SAFMC-managed species such as Spanish Mackerel (Scomberomorus maculatus), King
Mackerel (Scomberomorus cavalla), and Cobia (Rachycentron canadum), as well as NOAA
Fisheries-managed highly migratory species (HMS) such as sharks and billfishes.

Numerous species prey directly on oysters, including xanthid crabs, such as the stone crab, M.
mercenaria and the Atlantic mud crab, Panopeus herbstii (Tolley and VVolety 2005), both species
of concern in SC. In turn, several finfish species, including the Naked Goby (Gobiosoma bosc)
and the Striped Blenny (Chasmodes bosquianus), are known to feed on these xanthid crabs,
generating trophic complexity and the potential for the formation of trophic cascades (Grabowski
2004). Mann and Harding (1998) investigated the trophic interactions among oysters, fishes, and
benthic predators on restored oyster reefs and showed that small and intermediate sized fishes
such as gobies (e.g. Seaboard Goby, Gobiosoma ginsburgi and G. bosc) and blennies (e.g.
Feather Blenny Hypsoblennius hentz and C. bosquianus), were abundant in Chesapeake Bay
oyster reef-dominated ecosystems. The presence of these species on reef structures is thought to
attract larger pelagic predatory species such as Striped Bass (Morone saxatilis), Bluefish
(Pomatomus saltatrix), Weakfish (Cynoscion regalis), Southern Flounder (P. lethostigma),
Sheepshead (Archosargus probatocephalus), and Spotted Seatrout (C. nebulosus). Other benthic
predators, such as the Atlantic blue crab (C. sapidus)—another South Carolina priority species
for conservation—nhave also been shown to be strongly associated with C. virginica reefs (Mann
and Harding 1998).

Several studies have shown that the 3-dimensional structure of oyster reefs attracts greater
numbers of resident and transient nektonic species than sand- or mud-bottom habitats (Posey et
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al. 1999; Harding and Mann 2001; Lenihan et al. 2001; Plunket and Peyre 2005; Coen et al.
2007; Kingsley-Smith et al. 2013). Breitburg (1999) defined 3 groups of nekton associated with
subtidal C. virginica reefs in the Chesapeake Bay: (1) reef residents whose primary habitat is the
reef; (2) facultative residents generally associated with structured habitats; and (3) transient
species which forage on or near the reef but are wide-ranging. Furthermore, a number of oyster
reef resident fishes—including G. bosc, C. bosquianus, H. hentz, Freckled Blenny
(Hypsoblennius ionthas), Skilletfish (Gobiesox strumosus), Oyster Toadfish Opsanus tau, and
Gulf Toadfish (O. beta) have been shown to be dependent on oysters for reproduction, depositing
their eggs on or inside oyster shells (Breitburg 1999; Coen et al. 1999). In summary, it appears
that the diverse range of organisms associated with oyster reefs creates complex food webs that
sustain higher trophic levels than surrounding sediment or marsh habitats (Wrast 2008; Quan et
al. 2012). Additionally, oyster reefs serve as critical foraging habitat for the American
Oystercatcher, Haematopus palliatus (a Species of Concern of Highest Priority) and other
shorebirds such as egrets, herons, sandpipers, plovers, and godwits, all of which are listed in the
South Carolina SWAP as species of highest priority. The largest concentration of overwintering
H. palliatus occurs in South Carolina, utilizing oyster reefs as foraging grounds (Tomkins 1947;
Sprunt and Chamberlain 1949; Nol et al. 2000). A recent study by Sanders et al. (2004) also
highlighted the importance of washed shell rakes as roosting sites for H. palliatus.

In recognition of the value of oyster reefs as critical habitats, considerable efforts have been
made to successfully secure Federal funding in support of research and community-based
restoration and enhancement projects utilizing a variety of traditional (bagged and loose oyster
shell) and alternative materials (e.g. oyster castle, revitalized abandoned and unwanted crab
traps) to increase the availability of oyster reefs as habitat for a diverse array of associated fauna
including a number of high priority conservation species. Furthermore, as protection for existing
C. virginica populations, the South Carolina Department of Natural Resources regulates the
importation of oysters for placements in its State waters, primarily for mariculture, requiring
inspections for the presence of “hitch-hiker species” upon arrival in the State and restricting
importation from areas of known diseases (such as Dermo and MSX). Disease testing is required
prior to importation, with zero tolerance for the presence of known diseases. Hatchery
certification is also available to permit the importation of oyster seed from other states, provided
a number of criteria, protocols, and procedures related to water quality and disease are satisfied.

CONSERVATION RECOMMENDATIONS

e Apply both traditional and alternative approaches to oyster reef habitat restoration and
enhancement activities, and engage the community in conservation and stewardship
through volunteer opportunities.

e Conduct scientifically rigorous monitoring to evaluate the habitat value of oyster reefs to
conservation priority species as well as commercially, recreationally, and ecologically-
important species of finfish, invertebrates, and birds.

e Regularly update importation policies for cultured oysters to reflect changes in threats to
native oysters and to make the best use of all available information and technology.

¢ Regulate recreational and commercial harvesting of wild oyster populations and
mariculture activities in collaboration with SCDHEC in order to ensure sustainable
harvesting and to protect human health.
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e Monitor the population status of oysters statewide using on-the-ground efforts, aerial
surveys (including helicopter-based imagery capture), and GIS applications.

e Collaborate with the South Carolina Algal Ecology Laboratory (SCAEL) to investigate
the causes of harmful algal blooms and their interactions with oyster populations.

e Collaborate with the appropriate agencies and municipalities to improve and implement
Best Management Practices in terms of responsible urban planning to minimize and
mitigate the effects of terrestrial freshwater inputs on oyster populations.

MEASURES OF SUCCESS

Determining that populations of C. virginica in South Carolina are remaining stable through the
collection of annual fishery statistics and population monitoring would constitute a measure of
success. An absence of human health problems would also be a measure of success in
demonstrating the effectiveness of the collaborative resource management implemented by the
SCDNR and SCDHEC. Continued monitoring of the fauna associated with natural, restored, and
enhanced reef habitats—and in particular demonstrating their value to priority conservation
species—would also be a measure of success.
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