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Introduction



OYSTER RKRFS

Bv

KENNY L. HECK, JR.
& PAmunAM. StrVZZR

BACKGROUND

The American oyster  Crusscetrea virginica! occurs over a broad geographic range.
Along the east coast of North America, it is found from the Gulf of St. Lawrence, Canada to
southern Florida; in its southern range, throughout the Gulf of Mexico to Yucatan, Mexico to the
West Indies and Venezuela  SeHers k Stanley 1984!. The American oyster typically lives in
shaHow, well-mixed estuaries, lagoons, aad oceanic bays that fluctuate widely &om hot io cold
temperatures, low to high salinities aad clear to muddy waters {Se! lers & Stanley 1984!.

In Mobile Bay, oyster reefs have been aa integral part of the community both naturally
aad economically. Oysters are unique in their estuarine ecological role in that they form living
reef structure, which supports a host of other associated orgaaisms not found in the surrounding
sand or mud habitats, As many as 300 species have been found to be associated with oyster reefs
 WeHs 1961!. Many of these species use the oysters as refuge by utilizing the increased habitat
complexity provided by the reef structure, and as food. Oysters are imporumt suspension feeders
and can affect local turbidity levels by removiag sediments, phytoplanktoa, and bacteria from the
water column. Their tremendous processing capacity enables them to augment primary
production by reducing shading caused by phytoplankton blooms  Bahr & Lanier 1981!. Oyster
suspension feeding also plays a role in retaining nutrieats ia the estuary, by converting non-labile
particles into labile particles for plants and returning them to the system through biodeposition
 Dame et al. 1984; Dame k, Libes 1993!. In fact, oysters play such an important role as filter
feeders, that when abundaat they may exert top-dowa control on the pelagic ecosystem, by
preventing the negative consequences of algal blooms while at the same time amplifying the
delivery of priinary production to species deemed more useful to society  i.e., Ash!  Newell
1982; Ulanowicz & Tuttle 1,992!. Oysters also play a role in sediment stabilization and help to
prevent erosion as weH as providing a stable substrate for sessile organisms  Bahr & Lanier
1981!.

Ia addition to the important ecological role that oysters have ia Mobile Bay, they also
play an important economic role. Ia many parts of their range, oysters have historically
sustained a major commercial fishery, often supporting large fleets employing many workers
 e.g., ia Chesapeake aad Delaware Bays!, until overharvesting and diseases, among other factors,
devastated the fishery. In Mobile Bay, the oyster still constitutes an important, but often-variable
fishery  Sellers k, Stanley 1984!.

Buried oyster shells also have economic value. Industry uses oyster shells for cement,
road stabilizatioa aad calcium in pharmaceuticals. Oysters beaeflt other commercial fisheries
both directly and indirectly by providing nursery grounds for commercially important species
 i,e., peaaeid shrimp, blue crabs, stone crabs and game fishes! and by improving the water
quality. Oysters can reduce the probability of anoxic bottom waters, which can stress
commercially important species  Newell 1988! by filtering phytoplankton during spring blooms.



This can prevent water quality problems, since zooplankton biomass is low in the spring and a
large portion of phytoplankton would otherwise remain ungrazed and sink below the pycnocline,
resulting in anoxic waters.

HtsYoav oF OvrmRs ttt Motrnz Ihv

Oyster harvest has been important throughout its geographical range since before
recorded history  at least as early as 2000 BC!  Bahr & Lanier 1981!. Total harvest of oysters
nationwide peaked in the early 1900's and has steadily declined since that time largely because
of a decline in production from Chesapeake Bay  Bahr & Lanier 1981!. Carbon-14 dates
indicate that oysters were established in Mobile Bay in the head of the bay in the area of the
present delta between 5,000 and 6,000 years ago and have progressively migrated down-bay,
which corresponds with the rapid rise in sea level about 6000 years ago  May 1971!, In
Alabama, prehistoric Indian cultures harvested oysters from Mississippi Sound and Mobile Bay
over 3,500 years ago, based on pottery types throughout the coastal region  May l971!.

French and Spanish explorers were aware of oyster reef locations in Mobile Bay during
the sixteenth century and even referred to what is now called Cedar Point as Pointe aux Huitres
 Oyster Point!  May 1971!. The earliest survey of oyster reefs in Bon Secour Bay was
completed in the mid-1800's, but the first attempt to map the oyster reefs accurately was not
done until 1895 by Ritter  May 1971!. There have been many attempts to map oyster reef
locations in Mobile Bay since the late 1800's. In 1913, Moore found a continuous reef from
Buoy Reef to Pass Drury, a total of 3,900 acres. In 1971, 3,064 acres of natur31 oyster reefs were
mapped in Mobile Bay  Figure 0-1!. Many other surveys were done but due to differing
methods, rigorous comparisons are difficult. Major oysters reefs have historically been located
subtidally in Mobile Bay.

In the past, many factors  both natural and anthropogenic! impacted the oyster population
in Mobile Bay. The oyster drill, an important predator of American oysters, severely restricts
oyster distribution in Alabama. Disease was suggested to be another former controlling factor of
oyster population in Mobile Bay and had the potential to wipe out entire reefs  May 1971!.
Older literature  Ritter 1986! cited fisherman as claiming overfishing occurred in Bon Secour
Bay, eastern Mobile Bay and in the vicinity of Cedar Point  May 1971!. Over 73,000 acres of
State waters were permanently closed to oyster harvest due to domestic and industrial pollution,
ahhough this only includes 23 acres of oyster reefs  May 1971!. Oysters may have also
experienced decreased growth rates as a result of exposure to pesticides in Mobile Bay  May
1971!.

CtrRRKwv Sr~mrs ot Ossa RzEFs tw MoatLE B~v

Oyster harvesting contmues in Mobile Bay to this day. Unlike the decline recently seen
in the oyster fishery on the Kast Coast, Mobile Bay's oyster fishery has remained stable, if not
increased, over the years. Direct comparisons of oyster populations  past to present! are dif5cutt
for a number of reasons: 1! harvest numbers are based only on those numbers reported not



necessarily the number of oysters harvested; 2! harvest is not an accurate estimate of oyster
production since size limitations restrict oyster harvest and 3! fishing changes over the years
according to demand and environmental factors.

Figttre 0-1. Location of Living Oyster Reefs in Coastal Alabama  From. Crnnce
1971; May 1971, In: Friend et al. 1982!.



The position of oyster reefs in Mobile Bay has progressively migrated down bay with
most reefs occurring near the Gulf of Mexico at the lower end of Mobile Bay. A 1995 survey of
reefs south of east Fowl River found that the reef area at Cedar Pomt was nearly twice that found
by May in 1968  Tatum et al. 1995!. The difference seen here may be attributed to the 1995
survey including shall sub-tidal reefs not thoroughly examined in 1968. Another possible
explanation is that Mobile Bay experienced several category three hurricanes during the
intervening years and this may have uncovered shell that provided additional substrate for spat
settlement. The 1995 estimate of this area, however, is close to that of Moore �913!� indicating
that the area of oyster reef coverage may have slightly changed position but not size in the past
eighty five years  Tatum et al. 1995!.

As in the past, both natural and anthropogenic activities impact the oyster population in
Mobile Bay. The natural activities are similar to those in the past: natural predators, diseases and
weather phenomena  i,e., hurricanes!. The anthropogenic activities that affect may oyster
populations in Mobile Bay have increased over the years. Not only does pollution, overfishing
and exposure to organochloride pesticides  i.e., DDT and metaboliteg DDE, DDD and Dieldrin!
decrease the oyster population  May 1971!, many new activities are detrimental to oysters,
Oyster popuhtions could be vulnerable to: sedimentation from dredging, eutrophication, toxins
 Le., heavy metals!, salinity changes due to hydrologic alterations and habitat loss due to
development in wetlands  Bahr 4, Lanier 1981; Tatum et al. 1995!. All of these activities could
potentially affect oyster populations, however, there is no current evidence that detrimental
effects are occurring. Of these anthropogenic effects, overfishing and pollution  Le., sewage
treatment! are the most important. %'ith all of these activities potentially having negative effects
on oyster populations in Mobile Bay, efforts are needed to preserve this natural resource.

MAÃAGEklKNT OF OYSTER POP VLATIOHS

Historically, Alabama has used shell planting on public reefs as a way to manage oyster
production and harvest. Shell planting consists of placing large amounts of oyster shells on the
bottom to provide suitable habitat for oyster spat  larvae! to settle. Shell planting works best
when shells are placed on or near existing oyster reefs or where oyster reefs have lived
historicaily. Oyster reef restoration has largely been concentrated in the southwest portion of
Mobile Bay and the northern portion area of Mississippi Sound PVallace et al., unpublished
manuscript!. In 2000 several Baldwin County reefs received shelL

There have been a few efforts over the years to move oysters from closed regions of the
bay to open regions, however, most of these attempts have failed due to the high cost of the
transfer and the low harvest benefits  Tatum et al. 1995!.

Alabama has also used take limitations to manage the oyster popu'iation. Sack limitations
have varied from no limit to four sacksiday and is currently set at eight sacks/day, Harvest time
limitations have been used as weIL Oysters can legally be taken only in daylight hours: 7 a.m, to
4 p.m. from October to May and 6 a.m, to 12 noon June through September, Time changes are
to allow for a later sunrise in the winter and to decrease spat mortality due to lying on a hot deck



waiting ta be culled in the surnrner  Tatum et al. 1995!. FDA requirements concerning time at
hat temperatures prior to refrigeration arc also considered. Along with time and sack limitations,
size limitations are also used in Alabama. Size limitations were set at 75 mm in 1937, however,
the commissioner of conservation has the ability to reduce the size limitation to 65 mm  Tatum et
al. 1995!. Sim limitation ensures that oysters reach reproductive stages before being removed
&om the system. Temporary oyster check paints are established to enforce these limitations and
a move has been made toward the estabUshmcnt of permanent check points  Tatum et al. 1995!.

Other forms of management that are being looked into are: 1! oQ' bottom rack culture in
Bon Secour Bay to avoid low DO near the substrate, and to minimize sediment accumulation;
and 2! mitigation of man-induced hydrologic alterations. Alabama has constructed concrete
protective barrier around Whitehouse and Sand reefs in Mobile County and Fish River and
Shellhouse reefs in Baldwin County to prevent further damage while the inactive reef is being
restored by shell planting  Holan 1998!.

RESEARCH 05 OYSTERS

Research that has been dane to date can be categorized into three topics: 1! growth and
settlement studies; 2} ecosystem engineering and 3} importance of oyster filter feeding. Growth
and settlement studies have mostly been done in Mobile Bay and have focused on ways to
improve oyster growth. May �969! examined the feasibility of using suspension cultures, which
have been used for many centuries in Western Europe and Japan, in Mobile Bay. May {1969!
found that oyster growth in suspension cultures was rapid, however, due to high production costs
and low market value, he determined that suspension cultures were not bene6cial ta the Mobile
Bay Oyster Fishery,' Several recent studies have been done in Mobile Bay by Wallace et al.
�996} and Heck et al. �994 -1996 unpublished!. These studies have examined off- bottom
cultures of cultchless aysters in bags, bottom culture of remote set oysters, hatchery techniques,
natural spat settlcmcnt patterns and the variab/es that lead ta optimum growth in nature  utilizing
a model suggested for the Chesapeake Bay area!.

Due to the declining oyster population along the East Coast, studies have examined the
influence of oysters as ecosystem engineers. Wells �961! examined the role of oyster reefs as
habitat and faund that many organisms use oyster reefs far food and protection. Ncwell �988!
examined the effects of the dechning oyster population in Chesapeake Bay. He found that the
declining population might be responsible for a shiNng in the base of the food web from
phytoplankton to a microbial based system. Newell �988! suggested that the decline in oyster
population reduced competition for phytoplankton among filter feeders, which resulted in an
increase in zoophnkton and an increase in the predators of zooplankton  i,e., ctenophores and
jellyfish!. Another study done in Maryland by Breitburg et al. �995! examined the effects of the
reef structure on the surrounding community. Breitburg et al. �995} found that oyster reefs
could affect the distribution and settlement of llvae from the water column by reducing current
speed. The reduction of current speed not only allowed competent larvae to settle but also
helped larvae remain in suitable habitats by reducing the probability of the larvae being washed
away by currents.



Other studies along the East Coast have examined the importance of oyster filter feeding
on water quality. Dame et al.�984! examined the role of Iilter feeding on material cycling in
marsh estuarine ecosysteins, They found that oyster filter feeding was important in reducing the
amount of particulate organic carbon  POC! and chlorophyll a while increasing the amount of
ammonia. Another study  Dame k, Libes 1993! determined that oyster reefs funcnon as a
nutrient retention mechanism in estuaries. The increase in ammonia seen again in this study
supported the hypothesis that a positive feedback loop exists between phytoplankton and oysters.
Studies have also examined the role of oyster filter feeding with respect to eutrophication. In
1982, Officer et aL examined the potential of filter feeders as natural eutrophication controls in
San Francisco Bay and found that filter feeders can control eutrophication under certain criteria.
Officer et al. �982! determined that filter feeders were effective in shallow waters that had
abundant nutrients, no critical hght, temperature or turbidity limitations, poor hydrodynamic
water exchange characteristics and a dense benthic filter feeding community. In 1992, a model
developed by Ulanowicz 4 Tuttle �992!, suggested that increasing aysters in Chesapeake Bay
could improve ~ater quality and might be used to mitigate eutrophication. Increased oyster
populations were hypothesized to decrease phytaplankton populations as well as POC and
ultimately ctenophore populations, Gemtsen et a1, �994! also used a model to determine the
efFectiveness of oysters in Gltering out primary production in Chesapeake Bay. The model was
applied to five regions of Chesapeake Bay and Gerritsen et al. �994! found that bivalves could
consume Inofe than 50'/0 of the annual primary production in shallow fresh and oligohaline
waters, whereas, only 10'to of the primary production could be consmned in deep mesahaline
waters. Gemtsen et al. �994! concluded that depth and width of the estuary would restrict the
use of bivalves to improve water quality unless the bivalves were artificially suspended in the
water column.

ZVAI.UATION

Alabama oyster reefs have been assessed seven times in the last century starting in 1896
and the most recent being dane in 1995  Tatum et a1.1995!. The surveys examined the
population and the condition of the reefs for two of the seven, while the other five surveys
examined the population, condition of the reefs as weH as the configuration of the reef. Since the
surveys used different methodologies and had variation in the interpretations, it is dificult to
compare the results. Other complications resulting in different reef locations over the years may
be due to the natural progression of the oyster reefs toward the southern portion of the bay,

Another difhculty with the current database on oysters is that most of the research has
been done on the East Coast, particularly in Chesapeake Bay. Due to diIFerences in physical and
biological factors, the results obtained in these studies may not strictly apply to Mobile Bay.

RKCOMMKNIIATIONS

A comprehensive survey of Mobile Bay oyster reefs should be done using state-of- the-
art advanced techniques. This survey should determine the size and shape of the reefs, as well as



the population density on the reefs. This survey should be repeated every five years to monitor
the oyster population within Mobile Bay.

Studies should be done to investigate the ecological role that the oyster plays in Mobile
Bay to determine if the roles are similar to those found on the East Coast. In gerticular, the role
that oyster reefs may play as "nursery habitats" for economically important species should be
investigated. ln addition, a detailed investigation of the factors determining spat survival rate
and the conditions determining growth rates should also be carried out. Finally, there should
also be studies done on the filter feeding role of oysters in Mobile Bay, with respect to effects on
water clarity and the indirect consequences of changing water clarity.

lt is suggested that shell planting efforts continue in Mobile Bay to help stabilize the
population. Fishery limitations should also be continued and adjusted as needed to prevent the
oyster population decline similar to that seen on the East Coast.



Oysters in Alabama
Revised June 2001

Oysters, along with mussels and scallops, are among the invertebrates called pelecypods
 "hatchet foot"! that are included in the phylum Mollusca  clams, snails, squids, and octopods!. More
than 1000 species of oysters are found throughout the world, and Alabama waters contain several,
Of these, only the Eastern oyster  Crassostrea virgiriica! is commercially important.

Oyster landings in Alabama have averaged a million pounds per year since the 1880's.
However, large fluctuations occur on a year-to-year basis, For example, 1982 was a relatively good
year with landings of 1.5 million pounds. The next year landings were only 336,000 pounds. The
worst sustained decline occurred from 1985 to 1989 when landings went from 1.3 million pounds to
9,500 pounds. By 1992 landings had rebounded to 1.2 million pounds with a dockside value of $1.7
million and the total contribution to the economy was estimated to be about $6 million,

Biology
Peak oyster spawning occurs in April and October when the water temperature approaches

68' and salinity is above six parts per thousand  ppt!. Eggs and sperm are released into the water
at fertilization. Females release anywhere from 70 million to 170 million eggs. The fertilized eggs
develop into a free-swimming larval stage in about 24 hours. After several weeks, the developing
shell on the larvae becomes too heavy for swimming and the larvae settle to the bottom. The larval
oysters require a clean hard surface for attachment and can actually move about on the bottom
seeking a good substrate, If good substrate is found, the larvae secrete fluid that cements them
permanently in place. Larvae settling out in soft mud or other unsuitable areas usually do not
survive. Once settled, the developing oysters can become sexually mature within a month and them
contribute to another generation of oysters in a very short time. Interestingly, oysters sometimes
change sex after spawning. In particular, young males often become egg producing females.

Oysters eat by filtering food from the surrounding water through their gills, Under idea!
conditions an oyster can pump 5 gallons of water an hour through its filtering apparatus. Alabama
oysters reach harvestable size � inches! in about 18 to 24 months,

The Environment

Oysters are bound to one spot after they settle and are at the mercy of the water brought to
them by currents and tides. When the water is too fresh  less than 10 ppt salinity! for long periods,
oysters die. On the other hand, when salinity is high, oysters are likely to be devastated by oyster
drills  a snail!, crabs, and a tiny parasite called derrno. Oyster drills alone are capable of killing 85
percent of the young oysters on a reef. Furthermore, oysters can be smothered by sand and silt from
dredging operations or extremely heavy storms.

Management
Oyster management can be divided into two areas of concern � public health and

conservation. The Alabama Department of Public Health monitors the waters around oyster reefs.
They close the reefs to harvesting when bacterial counts indicate that disease-causing organisms
are above acceptable levels. These closures are triggered by high river flow generally in winter and
early spring, which carries increased sewage into the lower Bay, Bacteria and other pollutants area
a particular problem for oysters because they are filter feeders and can concentrate harmful
substances in their body tissues. Generally, these pollutants do not harm the oysters but make them
unfit to eat, especially raw.



The Marine Resources Division of DCNR conserves oysters by requiring licenses, enforcing
size limit of 3 inches, regulating harvest by sack limits, and allowing only hand or oyster tong harvest
on public reefs. The Marine Resources Division also plant cultch to provide new substrate for oyster
larvae to settle on and grow, Large amounts of clam shell were planted after the oyster beds were
devastated by Hurricane Frederic and after the spring floods in 1983. Approximately 10,000 more
acres can be planted with shell if funds become available.

Oyster Measures
Unlike many other foods, oysters are harvested, processed, and sold on the basis of volume

rather than weight. Oyster harvesters catch tubs, sacks, and barrels of oysters. Oyster shuckers are
paid by the gallon for meat shucked, and consumers buy sacks of whole oysters and gallons, half-
gallons, or pints of oyster meat.

The following are the approximate relationships among the different measures. A tub equals
one sack; four sacks equal one barrel. An average sack yields about six pints of oyster meat,
depending on the time of year. A sack should weigh about 75 pounds.

The Future

Oysters are a valuable natural resource in Alabama. The industry provides jobs and a large
economic benefit to the state. Like all marine resources, oysters depend on good water quality for
continued use by man. Good water quality can be maintained by preserving wetlands, by careful
planning of dredging activities, and by controlling pollution both in Mobile Bay and in the tributaries
that feed the bay.
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Oysters have place
in region's history

Seta Grant

By RiCk NglitaCe
Sea Grant Extension Ofgae

Rkk vsanacc tc an cxicl}aloe 4M%le
~ Vcctancl Wtn tac ace Grec< Rctcoctcc
t'verruca ct Acbcra atcricc Ccntcr,

If oysters could talk, what a tale
theymight tellus, Prehistoric fndi-
ans ate them and piled their sheHs
in mounds along the shores of
coastal waters. The Romans rel-
ished oysters and ha ported them
from Britain for feasts ln which
oysters acc«pied ihe place of hon-
or,

Early European settlers were
amaxed by the abundance of oys-
ters they found when arriving on
the East Coast. At times oysters
helped the struggling settlers sur-
vive famine while at other times
ayster reefs were considered a
nuisance ta navigation.

ln the IvfobHc area, oyster shell
mounds created by fndians dale
back ta 3,500 years ago. Carly
Spanish and Preach explorers
found and ate oysters in the I6th
century. A map produced in 1732
referred to what Is now caHed
Cedar Point as Oyster point. Fram
,these early times to the present,
oysters have played a very im par-
tant role in Alabama's sealood
industry,

But if oysters could talk, they
could tell us about even more
anclenl Hmcs when things were
quite different along the Alabama
shore. Oyster shclfs are buried
under 25 feet af mud in the upper
bay, The oysters at ihe bottom af
these relic reels are S,760 years
ald,whilethoscat thetopare5460
years ald. Further down the bay,
oyster shcHs under tvro feeiof mud
are 2,206 to 3,100 years old.

Even those shegs are relative
youngsters, in a recent study head-
ed by LVHI Schroeder at the Dau.
phin island Sea Lab, oyster shells
were cogected fram 11 to 45 miles
oHshor» in depths ol S4 to 130 feet
of water. Radio-carbon dating indi-
cated these shegs ranged in age
from 8' to 35,000 years. %hy.
might you ask, are these very old
oysters found so fat offshore in
water far deeper than oysters nar-
maHy grawyAlter aH, modern oys-
ter reefs usually llourish in fess
than I0 to I 5 feet of water and are
found in the bays and bayous but
nat on the open aceait. It turns aut
that the age of thesp off-share
shcHJ lllatchcs  with sbmc excep-
tions! the Huctuatians In sea level
that have occurred over the last
36,600 years.

Imagine atrfp to Gulf Shores and
when you finally get there, you siiH
have anather 35 mites to go before

yau see thc water. This apparcnHy
was the situation some 30,660
years ago and again only 10,060
years ago when the sea level was
considerably lower. The age of the
oyster sheil corresponds to times
when the water was about therfght
depth to support oyster reefs and
ihe old shegs are stiH there today.
Even more amaxlng Is .that the
30,660~rwld sca level was a
relative high which was fogowed.
by a much lawer sea level about
26.600 years alps, At that lime, the
Alabama shoreiine would have
been some 26 mHes south of the
current lacatlon. A subsequentsea
level rise led to the younger
 I0,600-year-old! shells. Obvious-
ly, sea level has continued ta rise
over the last 10,000 years to give
our present shoreline.

You may wonder about those
buried oyster shells at ihe top of
the bay, Their presence implies a
higher sea level some 6,060 years
aga. Hawever, experts speculate
that as the sea level rose fram
l6,600 years aga, saltwater pene-
trated far up the ancient MobHC
River Valley, creating conditions
conductive for oyster reefs. As the
barrier islands and IVIabIIC Bay
developed, fresh ~ater was
trapped and the upper bay woutd
no longer s«pport oysters alter
about 5,000 years before the pre-
senL Oyster reefs developed
southward in higher salinities as '
evidenced by the 3,060-year-old
reefs lurther down the bay and
today's reefs at the southern end of
the bay.



The oyster reef is a popular place among marine species. Many species seek out reefs for
refuge or as a place to hunt for food. Oyster reefs also provide benefits for the bay. Oysters help to
cleanse the water of excess nutrients and sediments through their ability to pump water through their
gills. The reefs provide structure for other sessile organisms to attach. The crevices provide shelter,
as well as, spawning grounds for other species. Oyster reefs provide a stabilizing structure to keep
wave action from scouring the bottom of the bay. Most of these reefs have taken hundreds or
thousands of years to form and provide habitat for aquatic plants species as well.

There are literally hundreds of organisms that will be found in or around an oyster reef. Here
are some ot the Mobile Bay "marine crowd" you will find just below the water's surface:

Amp hood
There are over 6,000 known species of amphipods. There are many species of amphipods found
around the oyster bars in Mobile Bay. The most common Suborder is Gammaridea. They are shrimp
like in appearance with hard shell, jointed appendages, and are laterally flattened. They are opaque
to translucent in color and usually less than a half-inch in length, Amphipods rely on the reefs for
protection, shelter, and food.

Barnacle

The predominant species of barnacle found in Mobile Bay is Bafanus subalbidus. You will find
barnacles attached to the oyster shell. They can be predators of oyster eggs and larvae. Barnacles
will grow as large as one inch in diameter.

Blue Crab

Blue crabs, Cailinectes sapidus, use the crevices in the oyster reef to provide protection and shelter
from the species that prey upon them. You can identify these crabs by their bluish-green outer shell
and their bright blue claws. The female of this species have red tips on their claws. Barnacles,
oysters, and mussels are the "prey of choice" for the blue crab.



Mud Crab

The mud crab, Panopeus herbstii, is a small species usually less that one-inch in size. Dependent
on the oyster reef for protection and shelter, this species of crab eat small oysters, barnacles, and
mussels, Their shell is brown and their claws will be either black or pale white in color.

Stone Crab

Stone crabs are found in many areas along the Gulf coast. The species found in Mobile Bay is
Menippe adina. The smalf, very young crabs are dark purple in color. Adult stone crabs are deep
chocolate brown color. They use the oyster reef for protection and shelter as well as a place to find
food,

Hooked Mussel

The predominant mussel species found on oyster reefs in Mobile Bay is Ischadium recurvum, the
hooked mussel. They need the oyster reef to provide a stable structure for them to attach to and
grow, Their shell color is dark black and may grow up to two inches in fength.

Oyster flatworms, Styloachuis eilipticus, are also known as "oyster feeches" by oystermen. Oyster
flatworms are the least conspicuous predator on the reef. They have flat ellipticaf bodies with
multiple eyes. Density of the worms varies depending on the location and the season. The ffatworm
needs the oyster reef to provide shelter and protection from its predators.



There is no single species of worm that dominate the oyster reefs in Mobile Say; many species live
here. Some worms may live in the crevices of the oyster reef and some may build mud or calcium at
the inside edge of the oyster shell. They can grow to be 6 inches long and are a reddish color.

The naked goby, Gobiosoma bose, looks to the oyster reef to provide protection from its predators
and for species it preys upon, You will find this fish swimming in and around the oyster reef. Often
they will make their homes in dead oysters, called "oyster boxes". They prey on polychaete worms
and small crustaceans. There are no scales on their bodies, hence their name. A naked goby can
grow up to 2.5 inches long. Their greenish-gray back, pale belly, and narrow pale crossbars on their
sides identify this species.

The striped blenny, Chasmodes bosquianus, finds an oyster reef the protective environment. They
have a long dorsal fin and a laterally compressed body. Males are olive-green with blue horizontal
lines that converge at the tail. Females are a darker green with pale green stripes. This species can
grow up to three inches in length. Their food preferences are small crustaceans and mollusks

While this species will eat oysters, Opsanus tau, they prefer crabs and may actually protect the
oyster reef from crab predation. Their bodies have no scales and are vertically compressed. They
possess a large mouth, sharp teeth, bulging eyes, fleshy whiskers, and a broad, flat head. Growth
up to 1 "/. feet is possible. Their skin is pale or yellowish brown with brown blotches. Toadfish use the
oyster reef for protection from their predators.



Skilletfish

This species has a scale-less body with a large sucking disk on its belly. They make their home in
oyster boxes and will often lay their eggs in the empty oyster shells, Skfffetfish, Gobiesox strumosus,
are medium to light gray with brown speckfes and can grow up to 3 inches. They are often found
clinging to the outside of an oyster shelf. Using the oyster reef as protection from predators, they
also find an abundance of food from small crustaceans to polycheate worms.

Spotted sea trout, Cynoscion nebujosus, are frequently found among oyster reefs during the spring
and summer. They generally range from one to three pounds but can be larger. The spotted sea
trout is an important sport fish in coastal Alabama,

'The sheepshead, Archosargus probatocephalus, is a large fish that can exceed two feet in length
and weigh as much as 21 pounds. They are a commercial and sport fish, Their feeding habits bring
them around the oyster reefs. Sheepshead feed on barnacles and various species of crabs that are
also found on the reefs,

Holly K. Hall
Mobile Bay National Estuary Program

4172 Commanders Drive
Mobile, AL 36615

�51! 431-6409
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Cultivation of the Eastern Oyster "Crassostrea virginiea"

Oysters have been cultivated in one form or another for over 2,000 years. Early efforts
involved little inore than transplanting small oysters from one area to another area where they would
grow better, be better protected from predators and disease or be more readily available for harvest,
This simple method of cultivation is still widely practiced today and is a major means of production
for the eastern oyster, Crassosirea virginica.

The eastern oyster occurs naturally from the Gulf of St. Lawrence in Canada to the Gulf of
Mexico, Caribbean and coasts of Brazil and Argentina. It has been introduced on the west coast of
North America and other areas of the world. In recent years, the total U.S. harvest of oysters has
been 30 million pounds of meats; about 75 percent of the total is the eastern oyster. About 18 million
pounds of total oyster production  all species! is by cultivation.

Oyster Biology
An understanding of basic oyster biology is essential to any successful culture operation.

Under natural conditions, oysters spawn as water temperatures rise in the spring. The temperature at
which spawning occurs varies from north to south. Northern oysters spawn at temperatures between
60 and 68'F �5.5 - 20 C! while southern oysters spawn at temperatures above 68'F �0'C!.
Spawning can occur throughout the warm months.

Sperm and eggs are released synchronously and fertilization occurs in the water column. A
fertilized egg develops rapidly into a microscopic swimming trochophore  Figure 1!. After 24 to 48
hours, the non-feeding trochophore develops into the feeding veliger stage. At this stage the larva
has a thin shell and feed primarily on tiny algae. After 12 to 20 days, larva develops a foot and eye
spots and is referred to as a pediveliger or "eyed larva", Pediveligers settle to the bottom and can
crawl short distances to find suitable sites for setting. Setting occurs when the larva cements itself to
a hard substrate  usually oyster shells! and metamorphoses into a tiny oyster called a spat.

"Spat" usually refers to a recently metamorphosed oyster, but the term may be applied to any
small oyster. Similarly, the term "seed oyster" may be given to oysters that are too small to harvest,
but it generally refers to juvenile oysters larger than spat,

Spat are mostly male and grow rapidly. Sexual maturity can occur within four months in
southern waters. Some males change to females, usually after the first or second spawning, and
some females can change back to males. Growth to harvestable size � inches, 75mm! can take 12 to
36 months, depending on temperature, water salinity and food supply. Oysters do best in areas where
the bottom is relatively firm and stable, salinities are from 10 to 30 ppt �5 to 18 ppt is considered
optimal!, water flow is adequate to bring food, sediment does not smother oysters, and oxygen
concentrations remain greater than 3 ppm  greater than 5 ppm most of the time!.



Oyster Culture
Methods of oyster culture can range from very simple, with little input or control, to very

intensive, with much input and control. The simplest form of oyster culture is to place  plant! oyster
shells, clamshells or other appropriate materials  cultch! in an area where oyster larvae are likely to
settle. Oystersarethenharvestedin 1 to 3 years dependingon theirgrowth rate. Insome cases,
small oysters are moved to areas where growth and survival are expected to be better than the
location where the larvae set. After oysters are harvested, additional cultch is planted to provide
substrate where more oyster larvae can set,

The most intensive culture methods involve spawning oysters in a hatchery and growing &ee
swimming larvae in large tanks supplied with specific algae  e.g. Isochrysis, Chaetoceros, or
Tetraselrnis! that are known to be nutritious for larvae. Much of the effort and space in an oyster
hatchery is devoted to producing the algae, When larvae are ready to set �4 to16 days!, they are
sieved from the large tanks and added to tanks containing whole oyster shells in large mesh bags.

An alternative method is to set the larvae on microscopic pieces of oyster shell  microcultch!
that are held on fine screens in bucket- to barrel-size containers. Generally, only one larva sets on a
piece of microcultch. This technique produces a crop of single oysters which are desirable for the
oysters-on-the-half- shell market. Oyster larvae can also be shipped to locations far away &om the
hatchery and set. This process is called "remote setting".

Oysters Set on Shells
Oyster larvae may be set on whole oyster shells, fragments, or other types of shell  e.g.

clams!. Typically, well washed oyster shells that have been aged at least six months or more are
loaded into large mesh  9/16 inch, 1,4 cm! bags that hold about 40 lbs �8.1 kg! of shells
 approximately 215 shells!. Bags of shells are placed in light colored, aerated tanks containing
filtered seawater �0 micron, 0.002 inch filters! with a salinity greater than 10 ppt. Oyster larvae are
added at a rate of 100 per shell with a goal of getting an initial set of 20 to 30 spat per shell. Tanks
are covered with a tarp to block out light and left for 48 hours. AAer setting, filtered seawater water
can be run through the tanks until the spat are moved to a nursery area. Hatchery-produced algae or
commercially available algae paste can be used as supplemental feed.

Shell bags are moved from the hatchery to a nursery area in natural waters. The nursery area
should be easily accessible for the equipment needed to deploy the bags. It should also be a site
where poaching can be kept to a minimum and, most importantly, where oysters will grow rapidly.

Shell bags can be strapped to a pallet and placed in natural waters for the nursery phase. Or,
bags can be placed on a hard bottom or suspended from floats or racks. When oysters grow to about
an inch along the longest axis, they are emptied &om the shell bags onto the growing area. There can
be considerable loss from predators such as crabs, oyster drills and flatworms, particularly if seed is
damaged in planting. Under good conditions, three to five spat per shell should survive to reach
market size, Oysters are harvested according to local gear and size regulations.



Single Oysters
Single oysters are produced by introducing ready-to-set larvae �00 per square inch, 236 /

cm'! into containers with fine mesh �50 micron, 0.006 inch! bottoms covered with finely ground and
sieved oyster shells �50 micron diameter, 0.01 inch!. The containers are usually suspended in a
larger tank or trough of filtered seawater, An airliA pump on each container liAs water from the tank
into the container; the water fiows out through the mesh bottom. This arrangement is called a
downweller; the downward action of the water keeps the larvae in the container until they set. As
with larvae set on whole shells, the containers are covered and left for 48 hours while larvae set.

AAer the larvae set, the flow of the airlift is reversed to create an upweller  Fig,2! that pulls
water through the bottom mesh of the container and out the top. The source water is usually filtered
to keep out larger organisms and reduce fouling on the screen bottoms. As the oysters grow, they are
usually moved to upwellers with larger mesh bottoms to increase flow and reduce clogging in the
mesh.

Figure 2. Airlift upweller.

Air

inflow ater
tflow

Water level

Grow-out takes place in natural waters where single oysters are placed in plastic
 polyethylene! mesh bags that are typically 36 x 18 x 3 inches  91 x 46 x 7.6 cm!. Single oysters are
at great risk from predators if not protected in bags.



Oysters do not all grow at the same rate, so they are sieved in order to be placed in containers
of the appropriate mesh-size. Representative mesh sizes and stocking densities are shown in Table l.
As oysters grow, they are moved to larger mesh containers at lower densities.

Single oysters are generally grown off-bottom so they will not be smothered by soft
sediments. Oyster containers can be placed on racks attached to the bottom, on racks suspended from
structures or on floating long lines. A flexible belt apparatus developed at Harbor Branch
Oceanographic Institution, Inc. places a large number of bags on two parallel lines  polypropylene
ropes! and uses PVC pipes to spread lines and attach bags to the lines, The flexible belts are
deployed on suitable hard bottoms or suspended horizontally in the water column with floats  Fig.3!.
Another method is to put a float in each bag and link the bags together. As the oysters grow heavier,
a considerable amount of flotation is needed for suspended oyster bags.

Figure 3. Example of a flexible belt system with floatation.  Illustrated by F. Scott Rikard!

SUSPENDED SKLT CULTURE SYSTKM

Oyster bags often become overgrown with marine organisms such as barnacles, mussels,
bryozoans, etc, Regular air ~ing for several hours may help, or bags may need periodic pressure
washing,

Many intensively cultivated oysters come from areas where they are completely uncovered at
low tide. This regularly dries the oysters, gives easier access to oyster bags, and makes it easier to
maintain supporting structures and carry out the harvest.

Site Selection

While some oysters have been grown to harvestable size in ponds or in the effluent from other
culture operations, most production takes place in natural waters. This means that there is little
control over the many variables affecting growth and survival. Therefore, selecting a site having
favorable conditions for oyster culture is essential, These factors should be considered:



1. Status or classification, by a state agency, of the water for safe shellfish harvesting
2. Substrate conditions  soft, hard, shifling, stable!
3. Salinity
4. Prevalence of diseases

5. Tidal range
6. Sedimentation rate

7. Water flow

8. Oxygen concentration
9. Algae concentration  food supply!
10, Prevalence of predators
11. Fouling organisms
12. Accessibility and security

Most potential sites within the southern U.S. are in estuarine areas where conditions are
highly variable. For example, water salinity may be within an acceptable range for parts of a year or
for several years at a particular site, but may be outside that range for other periods of time.
Understanding such variability can help in selecting a good site. Furthermore, several factors may be
closely associated, such as salinity, disease and predators. Seek help from local experts and the
appropriate state agency when assessing the characteristics of a particular site,

To use a site in public waters, you must obtain permits from various agencies, This may
involve a lease from the state or other formal arrangement to use water bottoms or the water column.
Each state has its own requirements; at a minimiun, permitting generally involves the U.S. Army
Corp of Engineers, the state natural resources agency, and the state public health department,

Marketing
Oyster production in the U.S. has declined from forty years ago, while inflation-adjusted

prices have remained flat or increased only shghtly. This indicates consumer demand has decreased
over time, possibly because of concerns about the safety of eating raw oysters and general changes in
people's eating habits.

Oysters can be sold to existing markets at prevailing prices. Some producers have been able
to market their oysters under brand names or regional names and obtain a premium in specific
markets. A number of post-harvesting techniques that reduce human health concerns are being tried,
and these may help rebuild markets. However, markets should be realistically assessed before
resources are committed to oyster cultivation.

Significance
The eastern oyster is important both economically and ecologically. Oysters help filter

estuarine waters, which are habitat for hundreds of species of marine organisms. Factors such as
declining water quality, disease and overharvesting have greatly reduced the economic and ecological
benefit of oyster reefs in some areas, Cultivation can increase oyster production and restore the
ecological role of oyster reefs.



Table 1: Typical mesh size of oyster growing containers  bags! and suggested stocking
densities,

Richard K. Wallace

Extension Marine Specialist
Auburn University

Marine Extension and Research Center

4170 Commanders Drive

Mobile, Alabama 36615-1413
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Diseases and Predators



Introduction to Oyster Diseases

A disease as defined by the American Heritage College Dictionary is:

A pathological condition in an organism resulting from infection or genetic defect, for example, and characterized by
identifiable symptoms.

Disease is a broad term designating damage to cells sufficient to cause dysfunction of the
organism. Infection refers to the presence of an infectious or foreign organism in tissues of
the host, in this case the oyster.

Stress is a state produced by any environmental or other factor which pushes the adaptive
responses of an animal beyond the normal range or which disturbs the normal functioning to
such an extent that chances of survival are significantly reduced.

When describing diseases in human medicine the term "symptom" is used. This refers to
characteristics of a particular disease condition. In animal medicine, we refer to "clinical
signs" of disease, since these must be detected by examination rather than a verbal
description from the patient.

Diseases may be caused by:

Non-infectious agents � not transmissible
~ Genetic defects resulting in abnormal cellular structure and function
~ Nutritional imbalances that deprive cells of essential nutrients
~ External physical or chemical agents that injure cells

Infectious agents � transmissible agents that damage cells by their actions or presence

~ Parasites � e.g. Oermocystf'dium marinum  Dermo! and MSX
~ Bacteria � e,g, Vibrio and Pseudomonas species
~ Fungi � e.g. Ostracoblabe implexa  shell disease � wart-like at adductor muscle!
~ Viruses � e.g. Herpes-like virus around blood sinuses

Method of disease control:

Remove dead oysters
~ Keep floats clean
~ Water quality  e.g., dissolved oxygen >5ppm!



Principal Diseases & Predators
Eastern  American! Oyster

Crassostrea virginica

Disease

Dermo Perkinsus marinus

 protozoan!

MSX Haplosporidium nelsoni
 protozoan!

Predator

Black Drum Fish Pogonias
cromis

Blue Crab Callinectes sapidus

Mud Crab Panopeus herbstii

Oyster Drills Stromonita
haemastoma

Rays Dasyatidae

Stone Crab Menippe adina

Description
Prevalent in the Gulf of Mexico and on the East Coast of
the US from Florida to Massachusetts. Causes high
mortality at temperatures above 200C and salinities
greater than 12- 15 ppt. Transmitted directly from oyster
too ster.

This disease is not yet found in Gulf waters or in Mobile
Bay. Prevalent along the Atlantic coast of the US. Active
at temperatures above 10'C and cannot survive in
salinities below 10 ppt. Causes oyster mortality in
summer and fall. Transmission methods unknown.

Description
Found in the southern portion of Mobile Bay. Have large
teeth used to crush the o ster shell.

Primary oyster predator along the Gulf of Mexico
identified b its blue colored claws.
Small crab. Brownish color shell with pale white or black
dawti s.

Slow moving snail with a heavy shell. Primarily a threat
to ve oun o sters.

Flat fish with an average size of 50 cm.

Large claws of unequal size. Shell can be gray, tan or
dee chocolate brown.



Dermo Disease Fact Sheet

Scientific Name: F'erkirisus marinus
Common Name: Dermo, Perkinsus

Geographic Distribution: East coast of the VS from Maine to Florida and along the Gulf of
Mexico Coast to Venezuela. Dermo is also documented in Puerto Rico, Cuba, and Brazil.

Dermo was discovered in 1950 and was first documented in Mobile Bay during the summer
of 1955. It is a protozoan parasite but was originally thought to be a fungus. Recent DNA
studies suggest that dermo is related to the dinoflagellates.

Transmission of this disease is directly from oyster to oyster. It is important to avoid moving
infected oysters to an area where there are uninfected oysters. Waterborne infective stages
of the parasite are present throughout the warm months, May through October. Within the
oyster, the early infections are seen in the digestive gland tissue. Usually, dermo is not
found in oysters less than one year old. Occurrences of this disease during the second year
increase significantly thus increasing the mortality rate.

Temperature and salinity are the two most important environmental factors influencing
derrno. The parasite thrives in warm water with temperatures above 20 C and oyster
mortality increase in water warmer than 25 C. Abnormally warm winters often result in
higher occurrences of the disease during the following summer. Drought conditions bring
destructive outbreaks of dermo due to higher salinity levels. Salinity levels of 0-9 ppt allow
the parasite to survive but cause light infection rates. Levels of 9-15 ppt allow the parasite to
develop slowly and cause low mortality rate in infected oysters. In salinity levels of 15 ppt or
higher the parasite multiplies rapidly and mortality rate is highest,



MSX Disease Fact Sheet

Scientific Name: Haplospon'dium nelsoni
Common Name: MSX  multinucleated sphere unknown!

Geographic Distribution: In the United States, MSX disease ranges from Damariscotta
River, Maine to Biscayne, Florida. It is not present in the Gulf of Mexico  and it is not present
in Mobile Bay!. Outbreaks affecting a large number of oysters have been limited to the
Chesapeake and Delaware Bays and recently Long island Sound. The parasite has also
been found in oysters in Korea and Japan.

This disease was first documented in Delaware Bay in 1957 causing massive oyster die-
offs. In 1959, MSX was found in lower Chesapeake Bay. By the 1960's, the disease was
found in numerous coastal bays along the east coast affecting North Carolina, Virginia,
Maryland, Delaware, New Jersey, Connecticut, and New York, although die-offs were not
occurring south of Virginia or north of New Jersey. During the 1980's, MSX was
documented all along the east coast from Maine to Florida.

Haplosporidiurn nelsoni is a spore-forming protozoan. Transmission paths of this disease
are unknown but it is believed to occur through the release of spores. This disease affects
oysters of all ages and the infections are acquired through gill and mantle tissue. Mortality of
oysters occurs from early spring through autumn. The most susceptible period of oyster
mortality will occur from July through October.

Temperature and salinity are the two most important environmental factor influencing MSX.
The water temperature must be above 20 C for an oyster to acquire this disease. There are
three critical temperatures for MSX. At temperatures less than 5'C the MSX parasite and
oysters are inactive, From temperatures of 5 C to 20 C the parasite multiplies faster than
the oyster can control it. Above 20 C, resistant oysters can overcome the parasite while
susceptible oysters are killed. Salinity within an estuary is an important factor in the
occurrence of MSX. Salinities over 15 ppt are necessary for this parasite to survive. A level
of 20 ppt is necessary for rapid and high mortality. At a temperature of 20 C and salinity
levels of 10 ppt or less the parasite cannot survive.

MSX is not present in Mobile Bay at this time. One factor may be a lower salinity level than
is necessary for the MSX parasite to exist. The Department of Conservation and Natural
Resources � Marine Resource Division is very careful not to allow non-native oysters to be
imported or planted in Mobile Bay.



Black Drum Eact Sheet

Scientific Name: Pogonias cromis
Common Name: Black Drum

Geographic Distribution: The black drum is found along the Atlantic Coast from New York
south through the Gulf States to Mexico.

Black drum is an important commercial and sport fish in the Mobile Bay area. This species
tend to be found in large schools. They have very heavy, crushing teeth used to crush the
oyster's shell. These fish are most commonly found in the southern portion of the bay,
especially near Cedar Point Reef, but are also found in the Mobile Delta. Black drum can
tolerate varying salinities,



Blue Crab Fact Sheet

Scientific Name: Calli'nectes sapidus
Common Name: Blue Crab

Geographic Oistribution: This crab is found as far south as Venezuela and as far north as
Massachusetts.

Crabs are scavengers and prey on oysters and clams. Blue crabs rely on oyster reefs for
protection from their predators and the reefs provide the perfect feeding ground for them.
They use their strong claws to crush the shell of their prey, chipping the edge of the shell, or
forcing the valve apart. The blue crab consumes any size oyster from seed size � to 12
mm! to market size  >75rnm!. 'The rate of predation can be very high on unprotected oyster
beds, In culture situations, placing the oysters in cages with lids for protection can limit blue
crab predation.



Mud Crab Fact Sheet

Scientific Name: Panopeus herbstii
Common Name: Mud Crab

Geographic Distribution: This species is found from Boston Harbor south to Brazil.

Mud crabs are very small, less than one inch. They are inhabitants of oyster reefs and, like
the blue crab, enjoy making a meal of oysters. They use their large, tooth-like claw to chip
away at the shell of the oyster. Mud crabs select small oysters 12 to 19 mm. its brownish
colored shell and the claw tips, which are either pale white or black, can identify this
species.



Oyster Flatworm Fact Sheet

Scientific Name: Styloachuis ellipticus
Common Name: Oyster Flatworm

Geographic Distribution: Found in the Mid-Atlantic region and throughout the Gulf of
Mexico

Oyster flatworms are not true predators of the oysters, but they can damage or destroy the
oyster. The flatworm will cause blisters to form on the muscle the oyster uses to close its
shell. When this happens the sheil will not completely close, allowing the worms to enter the
shell and eat the oyster meat. Flatworms are thin, flat, and elliptical in shape. They are
usually one inch or less in size but can grow bigger. Their color will vary.



Oyster Drill Fact Sheet

Scientific Name: Stromonita haemastoma
Common Name: Oyster Drill

Geographic Distribution: Found along the Atlantic and Pacific coasts as well as the Gulf of
Mexico.

The oyster drill, a gastropod, is the primary oyster predator in the Gulf of Mexico. It is also a
significant threat in Mobile 8ay. Oyster drills are small, slow moving snails with a heavy
shell. They will drill a pin size hole in the oyster shell and suck the oyster out. Their
preferred method of attacking an oyster is to bore between valves at the bill, their weakest
point. It can take up to three weeks to eat one large oyster. These predators will attack any
oyster but they are most devastating to very young oysters.

Dorsal View Ventral View

The greatest density of oyster drills will be found where the water is the most saline, usually
near the mouth of the bay. The range of oyster drills is limited by salinity. Salinity greater
than 15 ppt is need for its survival. During the late 1960's, the oyster drill in Mobile 8ay killed
80% of the oyster spat in a nine month period where salinities were over 15 ppt. At a salinity
of Tppt this predator will become immobile and if it remains at that level for one to two
weeks the oyster drill will die. Flooding conditions that bring in great amounts of freshwater
will eliminate the oyster drill.



Atlantic Stingray Fact Sheet

Scientific Name: Oasyatis sabina
Common Name: Atlantic stingray

Geographic Distribution: Rays are found all over the world including estuaries.

Atlantic stingray, the predominate species on Alabama reefs is a flattened fish that is closely
related to the sharks. Rays vary in size but you will probably find only smaller rays in Mobile
Bay, The average size of rays is around 50cm. These fish will hunt for food on the bottom of
the bay. While they eat fish, crustaceans and worms, rays also eat oysters. The ray will use
its rostral lobes to dislodge the oyster from the reef then crush it with their flat, plate-like
teeth.
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Stone Crab Fact Sheet

Scientific Name: Menippe adina
Common Name: Gulf Stone Crab

Geographic Distribution: Found along the northern and western gulf coast region.

Stone crabs use the oyster reef as habitat and source of food. The young crabs are
greenish or bluish gray to gray or dark tan in color with dark spots on its shell. The adult
crabs are deep chocolate brown color. Their pincher claw is used to hold an oyster while the
larger claw is used to crush the shell.

Holly K. Hall
Mobile Bay National Estuary Program

4172 Commanders Drive
Mobile, AL 36615
�51! 431-6409
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ALABAMA COMMERCIAL/RECREATIONAL OYSTER HARVEST INFORMATION
Alabaima Marine Resofsrces Dlvlslori

THIS XS NOT AN OFFXCIAL COPY OF THE LAWS OR REGULATIONS XN EFFECT AND SHOULD
NOT BE UTILIZED OR REl.XED UPON AS SUCH. XT XS THE FISHERMAN'S RESPONSXBILITY

TO KNOW THE LAWS AND REGULATXONS XN EFFECT AT ANY GIVEN TXME.

OPEN AND CLOSED HARVEST AREAS3.

The Department of Conservation and Natural Resources and the Department of Public
Health are authorized to open and close harvest areas for management or public health
purposes. Before taking oysters from any area for any reason, it is advisable to check
with the Marine Resources Division  MRD! at Dauphin Island �34-861-2882! Gulf Shores
�34- 968-7576! or Bayou La Batre �34-824-2161!. Taking oysters from a closed area for
any reason is prohibited. Transporting oysters at night through dosed areas is prohibited.

X. LICENSE RKQUXREl4IENTS
~ All licenses expire September 30th of each year.

~ Persons are allowed to take up to but no more than I00 oysters per day for personal
consurnptian without a Commercial Oyster Catcher's LiCenSe.

~ COMMERCIAL OYSTER CATCHER'S LICENSE  $26.00!
All persons taking oysters for commercial purposes, or more than 300 oysters for
personal consumption, must have in possession a commercial Oyster Catcher's Ucense
 may scil catch only to a licensed Alabama Seafood Dealer!.

~ Nonresidents shall pay the same fee as that charged Alabama residents to conduct the same
activity in the applicant's state of residence but not less than twice the cast that Alabama
residents pay, Nonresident licenses are soil only by the Marine Resources Division offices.

6 OYSTER TAG {$0.25! All oysters taken from public or private reefs for commercial
purposes must be sacked and tagged.

~ OYSTER DREDGE LXCENSE  $26.00! Use of oyster dredges strictly regulated. Specific
laws and regulations apply. Licenses are presently issued only to owners/lessees of private
oyster reefs. Contact the Dauphin Island Office  86k-2882! for further informaban.

IXI. HOW OYSTERS MAY IE TAKEN

Oysters may be taken from the public reefs and water bottoms by hand or oyster
tongs only.

continued ...
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IV. TIVE FOR TAKING, LEGAL SXZE, AND COMMERCIAL CATCH LIMITS OF OYSTERS

The taking of oysters is permitted Monday through Friday�only, Reefs open and close daily
at times set by regulations of' the MRD andi'or Alabama Department of Public Health.

AII oysters harvested must be a minimum of 3 Inches in length, with an ailowance of not
more than 5 '% for undersized oysters.

For current commercial catch limits and daily harvest hours contact any MRD office. Bavou
La Batre �34-824-2i6i!, Dauphin Island �34-86k-2882! or Gulf Shores �34-968-75'l6!.

It is unlawful to land any oysters for commercial purposes not sacked according to the
standard Alabama measure of one-quarter  Ij4! Alabama barret per sack. Each sack shall
be tagged and harvest informaUon portion of tag completed prior to landing, Tag shaN remain
attached to each sack until the sack is emptied.

All oysters taken from the public oyster bottoms must be cuNed and sacked by the time< of
public water bottom closure each day. Any unculled or unsacked oysters on board a boat at
the time of public water bottom closure, must be Immediately replaced and scattered upon
the reef from which they were taken and the boat must then irnmedlately leave the public
reefs and proceed to a landing.

It is unlawful to transfer oysters from one boat to another for purposes of avoiding the
requirements set forth in any laws or regulations, or to transfer any oysters to any unlicensed
oyster boat or unlicensed oyster catcher. Any person cited for exceeding the limit  as provided
by law or regulation] must immediately transport and redistribute any said excess oysters
on the nearest public reef.

X/4 Alabama barrel = tub or other container measuring 1.23 cubic feet in volume.

AREAS PERMANENTLY CLOSED TO OYSTERING



OYSTER HARVESTER TAG INFORMATION

f975 CODE OF ALABAMA 9-12-67
RULE 220-3-.02  Marine Resources!
ALABAMA STATE BOARD OF HEALTH REGULATION

1. All oysters taken for commercial purposes from the public or private oyster bottoms
of the State of Alabama shall be sacked in burlap, or similar material sacks containing
not more than one-quarter Alabama barrel of oysters.

2. Prior to landing, each sack must be tagged and harvest information portion of tag
legibly completed using indelible ink.

3. Tag is considered void and sack improperly tagged if information on tag ls incomplete,
illegible, or altered in any manner. Untagged or improperly tagged sacks of oysters
may be confiscated and disposed of as provided by law.

4. The tag shall remain attached to the sack until a certified dealer empties or retags
the sack of oysters, or until emptied by a restaurant, other establishment, or by
the final consumer.

S. It is unlawful to possess empty sacks with Alabama oyster tags attached thereto

6. Tags can be purchased at a cost of twenty-five cents  $.25! per tag from the
Department of Conservation, Marine Resources Division, or its duly authorized
agents.

TO COMPLETE THE TAG, HARVESTER MUST:

A. ENTER LICENSE NUMBER IN APPROPRIATE SPACE.
B. CIRCLE AND BLACK OUT MONTH AND DAY UNDER DATE GF HARVEST.
C. CHECK HARVEST LOCATION

INFORMATION MUST BE COMPLETED NTf H BLACK OR BLUE INK  NO PENCIL!
A. LICENSE HO.

EXAMPLE

REVERSE SIDE OF TAG TO BE COMPLETED, WHEN APPROPRIATE, BY CERTIFIED DEALER,
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Oyster Product Safety Guidelines for Alabama
Commercial Oyster Harvesters

Producers, harvesters and processors of many varieties of foods all over the world have lived
by the words, "Keep it cool, keep it clean and keep it moving," for years. These words of guidance
are especially important for commercial oyster harvesters. Consumer confidence can be destroyed
by a single disease outbreak in another part of the country. Consumer confidence in your product
means better sales and better prices for you the harvester, You only need to remember what
happened in New Orleans during Christmas week of 1996 to understand why good hygiene and
handling practices are so important,

Dozens of football fans who ate raw oysters on the half shell ended up with an intestinal
disease called Norwalk Virus. Even though the individuals affected with the virus had eaten at
numerous restaurants, all of the oysters that caused this outbreak came from either Black Bay or
Lake Fortuna in Louisiana,

Diseases Transmitted By Oysters Contaminated With Human Feces
There are a number of diseases that are caused by the transfer of fecal bacteria or viruses

from infected humans to raw oysters. These diseases often result from poorly functioning or illegally
installed onsite sewage systems with positive outlet discharges emptying into coastal waters near
oyster growing and harvesting areas. A significant number of illness cases are also caused by
harvesters infected with these diseases who dump their feces overboard onto oyster reefs. While
these diseases do not directly infect oysters or other molluscan shellfish, oysters filter the disease-
causing organisms out of affected waters and can accumulate enough of them to make consumers
of raw oysters ill. The following list provides brief descriptions of the origins of some of these
diseases and the symptoms that result from them.

Cam lobacter 'e'uni � Widely distributed in the intestinal tracts of poultry, livestock and warm-
blooded domestic animals. It is a very common  possibly the most common! cause of diarrheal
illness in humans, and can result ln profuse  sometimes bloody! diarrhea, abdominal pain,
headache, weakness and fever.

Escherichia coli � Also known as E.coli, this bacterium is one of the fecal coliforms. Most types of E.
coli are essential inhabitants of the human large intestine. Their purpose is to prevent dehydration by
de-watering solid waste before it exits the body. Harmful  pathogenic! forms of E, coli can cause
abdominal cramping, watery or bloody diarrhea, fever, nausea and vomiting, and can cause death
among the very young or elderly.

Symptoms include weakness, fever and abdominal pain early on, followed by development of yellow
jaundice. Although rare, death from Hepatitis A can occur among the elderly and others with
underlying diseases.

Norwalk Virus � The main reservoir is man, Symptoms include nausea, vomiting, diarrhea,
abdominal cramps and fever.

Salmonella � Several species of Salmonella are naturally found in the intestines of mammals, birds,
amphibians and reptiles, but they are not normally associated with moliusks. However, Salmonella
can be transferred to oysters by sewage pollution of coastal waters or contamination after harvest.
Salmonella infections cause nausea, vomiting, abdominal cramps and fever.



~Shi ella � Methods of transfer and iitness symptoms very similar to Saimonetia. The major
difference is that Shichelta is found ~oct in the human intestinal tract.

Vibrio cholerae � A naturally-occurring bacterial resident of coastal estuaries, bays and brackish
waters that is not necessarily associated with sewage contamination. There are two basic forms of
this bacterium: Type 01 and non-01. Vibrio cholerae 01 is an extremely dangerous organism that
can cause death as a result of dehydration from severe vomiting and diarrhea. Vibrio cholerae non-
01 causes mild to moderate cases of diarrhea, abdominal cramps and fever.

Yersinia enterocolitica � Naturally found in soil, water, and domesticated and wild animals. Yersinia
causes diarrhea, vomiting, fever and abdominal pain, often mimicking appendicitis.

Other Diseases Transmitted By Oysters
Unfortunately, oysters can accumulate and transmit other biological and chemical hazards in

addition to fecal bacteria and viruses. The following list provides brief descriptions of several of
them.

Red Tide � Blooms of the algae, G rnnodinium breve, produce three toxins  called brevetoxins! that
can result in fish kills and make shellfish toxic to humans. All filter-feeding rnollusks, including
oysters, can accumulate Red Tide brevetoxin, Among the symptoms of brevetoxin poisoning most
frequently experienced are: tingling of the face or other body parts; cold-to-hot sensation reversal;
dilation of the pupils; and, a feeling of inebriation.

Vibrio arahaemol icus � Occurs naturally in estuaries and other coastal areas throughout the
temperate zones of the world. As is the case with other marine Vibrio species, this bacterium is more
numerous during the warmer months, Thus, most outbreaks occur during the summer and early fall.
Symptoms include diarrhea, abdominal cramps, nausea, vomiting and headache. Fever and chills
may also be experienced.

Vibrio vulnificus � Thought to be the most prevalent naturally occurring estuarine bacterium in the
Gulf of Mexico. Vibriosis, the disease caused by Vibrio vulnificus, can be acquired either by
sustaining a puncture wound in the marine environment or by eating raw oysters that have filtered
enough bacteria to cause illness.

Vibriosis can cause symptoms Hke nausea, vomiting and diarrhea similar to  and commonly
mistaken for! many of the previously-mentioned fecal-borne bacterial and viral illnesses, In severe
cases, this extremely invasive bacterium can cause Ne-threatening primary septicemia  invasion of
the bloodstream and transfer of the infection to other parts of the body not originally affected!.

Several factors make certain persons more likely to develop vibriosis. Among them are:
Achlorhydria  reduced stomach acidity!; AIDS; Alcohol abuse; Cancer  especially patients
undergoing chemotherapy!; Diabetes; Diseases requiring immunosuppressive drugs; Kidney
disease; Liver disease  including cirrhosis!; and, Steroid dependency.

Hea Metal Contamination � Elements like arsenic, cadmium and lead can be toxic if consumed in
sufficient quantities. Because oysters filter heavy metals from the water that they pump through
themselves, they can actually accumulate enough of those hazardous elements to become toxic to
humans. Arsenic is thought to promote cancerous tumors. Excessive amounts of cadmium can
cause liver and kidney damage. And, too much lead can cause permanent damage to the nervous
system,



Control Measures

The large number and varied nature of the potential hazards associated with oysters requires
that adequate control measures be put in place to protect consumers. Some controls like the
National Shellfish Sanitation Program  NSSP! are managed by federal and state shellfish
authorities. Other methods of control can be practiced by individuals oyster harvesters. Following
are some examples of those controls.

Permanentl Closed Areas � Portions of Mobile Bay, particularly the Upper Bay, remain permanently
closed to oyster harvesting due to the presence of heavy metals in bottom sediments. Much of the
heavy metal concentration in Mobile Bay is the result of Liberty Ship building activities during World
War II. While that was over 50 years ago, the chemical nature of the clay and silt that make up much
of the Bay's sediment is such that it bonds tightly to the heavy metals. There appears to be little
likelihood that these heavy metals will ever be released by Mobile Bay's sediment, making it unlikely
that these Permanently Closed Areas will reopen to oyster harvesting.

Other areas of Alabama's coastal waters remain permanently closed, but for different
reasons. For example, a portion of Portersville Bay from the Eastern Shore of the mouth of Bayou
La Batre to the Western Shore of the mouth of Bayou Coden and out 1,800 feet is permanently
closed due to several known point sources of fecal pollution being located there. This are will remain
permanently closed as long as the known point sources are located there,

Tem ora Closures � Occur when the water level at the Barry Steam Plant reaches 8 feet, usually
following significant upstate rainfall events, When the water level at Barry Steam Plant falls below
eight feet, the Alabama Department of Public Health � Seafood Branch samples the test stations,
When the water and oyster meat samples meet the NSSP guidelines, the growing waters are re-
opened for harvesting.

However, fecal coliforms are not the only basis for temporary closures. The presence of
more than 5,000 G mnodinium breve  Red Tide! organisms per liter in shellfish harvesting waters
will trigger temporary closures, And, the presence of ANY brevetoxins in oyster meats will also
cause the Seafood Branch to close oyster waters.

Tagginq � Tags are the only means that processors, transporters, wholesale distributors, retailers
and consumers have to identify where and when oysters were harvested. Aside from being required
by federal and state rules and regulations, the real reason why all oyster sacks must display tags
containing certain information is in the interest of consumer protection.

Using the 1996 Christmas week Norwalk Virus outbreak as an example, if the restaurant
owners had not been able to trace their shellstock oysters back to Black Bay and Lake Fortuna, the
health authorities would not have been able to prevent more cases of Nor walk Virus. If oystermen do
not do their part to protect their customers from shellfish-borne illnesses, then customers are not
going to continue buying and consuming oysters.

On-Board Handlin � Another set of controls that oystermen can place on the safety of their
products is the use of proper on-board handling procedures. Some of these procedures are
mandated by state and federal rules and regulations. For example, NSSP guidelines require that
shellstock oyster be shaded during the hotter months from the time they are harvested until they are
placed under mechanical refrigeration to limit the growth of Vibrio vulnificus. However, common
sense dictates that oysters should not be allowed to contact bilge water, battery acid or gasoline to
prevent contamination with these potential biological and chemical hazards.



Personal H iene � Finally, oystermen have a responsibility to observe good personal hygiene and
sanitation practices while on the reef, If it is necessary to Use the bathroom while in shellfish
harvesting areas, use an appropriate receptacle like a porta-potty or a covered plastic container,
then empty it into an approved on-shore disposal facility. Fecal matter should never be dumped
overboard onto the oyster reef. Even under the best conditions, this is fecal pollution, and is
prohibited under state and federal law. However, if an oysterman is a carrier of a fecal pathogen,
overboard dumping of infected feces into shellfish growing and harvesting waters could make people
sick and, ultimately, cause the area to be temporarily closed.

ln summary, there are enough other causes of temporary closures  like upstate rains or the
Red Tide! that oystermen should be responsible enough not to temporarily close themselves out of
an income due to improper on-board hygiene while on the reef.
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Aquacultured Oyster Products
Inspection ~ Quality e Handling ~ Storage e Safety

Brian E. Perkins

als. Ripaxian oyster rights allow
the commercial oyster industry to
supplement its dependence on
production from public reefs with
additional production fram a
xnox» managed form of aquacul-
ture.

'Errvrrtiort Seafaod 7erttrtotogixt, Atttrttrtt
University. Startrte Kxltvrtttzt and
Resrarr;it Cert',

Archaeologists regularly investi-
gate oyster shell middens  piles of
shucked oyster shells! to learn
more about America's earhest
huxnan inhabitants. Pottery and
other artifacts found in middens
provide evidence that Paleo
Indians inhabited the coastal «x»as
of what is now the Southeastern
United States thousands of yeaxs
before the 6xst Europeans arrivecL
Early European settlers in
America likewise used the abun-
dance of oysters they found along
the coastlines and in the bays of
the original Thirteen Colonies to
pmvide themsehres with an easgy
harvested dietary component.
Oysters played other important
roles in the cultures of both
groups. Oyster shells were used
by the Paleo Indians for tools.
jewelry artd currency  wampum!,
and shell middens were some-
times used as burial sites.
Seventeenth Century European
settlers used oyster shells as con-
struction materials for buildings
and roads.

Today in Alabama, oysters are
harvested by the old-fashioned

method of tonging, which is car.
ried out from small boats by using
tongs  rakes on the ends of long
wooden poles! to gather and hold
the oysters until they axe hfted on
board. Much of the oyster tonging
in Alabama is conducted on pub-
lic oyster reefs, but increasing
numbers of oysters are cultured in
waters adjacent to privately-
owned land.

Alabama law provides that own-
ers of property fronting on the
waters of the State where oystexs
may be grown have the right to
grow oysters in front of theu land
to a distance of 600 yards from
shore. This is referx»d to as the
owners' riparian oyster right.
Some owners tease the right to
culture oysters on their riparian
oyster bottoms to other individu-

Biology

Oysters, along with mussels and
scallops, ax» among the inverte-
brates called peiecypods  hatchet
foot! that are includeci in the phy-
lum Molluscs  dams, snaiils,
squids, and octopods!. More than
100 spades of oysters are found
throughout the world, and the
waters of the Gulf of Mexrico con-
tain several, Of these, only the
Eastern oyster  Crassrxsxrerx virgirti-
ctx! is comxnerdally important.

Adult oysters release
eggs and sperm into
the ~ater and, after
fertilization, the fertil-
ized eggs proceed
thxough several
swimming hxxval
stages. Ultimately, the
larvae become too
heavy to remain sus-
pended in the water,
and sink to the bot-
tom. Those that settle
on a suxtable substrate
 clean, hard bottom!
secrete a fluid that



ceinents them permanently to the
bottom.

Oysters eat by Filtering faad ham
the surrounding waar through
their gills. Under ideal conditions,
an oyster can pump 5 gaUons of
~ster an hour through its filter-
ing apparatus, Alabama oysters
reach harvestable size � inches!
in 24 ta 30 months,

inspection
8ecause aysters cannot move,
they are at the mercy of the sur-
rounding environment. Along
with their food  diatoms and
algaej, tides and currents can
bring silt or sand to smother
them. predators ta feed on them.
or microorganisms that they can
accumulate and pass up the food
chain. Far this reason, state and
federal health authorities pay
dose attention ta moUuscan sheU-
Fash.

Like aU other varieties of seafood,
once oysters axe landed at the
dock ar offered for import, they
may be inspected by numerous
authorities. Seafaad inspection is
nat the continuous carcass-by-
caxcass" inspection assadated
with xed meat and poultry. Sea-
food is routinely inspected with a
frequency determined by past ex-
perience or potential for a partic-
ular commodity ta cause iUmsa
State and county health authori-
ties inspect aU processing plants,
gxacecy stores, and restaurants
where seafood is processed. han-
dled, or sold. The Lf5. Faod and
Drug Administration  FDA!
inspects seafoocl processing
p4nts ta ensure compliance with
federal standards for sanitatian,
Goad Manufacturing Practices,
branchng, and labeling. The FDA
also checks seafood products for
pesticides and other cantami-
nants, and assures the whole-
someness af imported seafaods
and products shipped across state
lines.

~ FDA pays particularly dose
attention to raw, minimaUy
processed, and ready-to-eat
seafaods. Uecause oysters, daxns,

and mussels are often eaten raw,
the FDA's National Shellfish
Sanitation Program  NSSP! care-
fuUy morutars them from their
growing waters through pracess-
mg, and ultunately ta retail out-
lets. The NSSP hfanxcaf of
Openxtions is routinely revased by
the Interstate ShelNsh Sanitation
Conference  fSSC!, a voluntary
group composed of members
fram FDA, state health regulatory
agencies, and industry. fSSC com-
mittees and task farces generate
revisions and resolutions that are
forwarded to FDA for approval,
Once the revisions and resolutions
are approved, FDA adds them to
the hfSSP iManicaf af Qpxratians.
Oysters may be placed in inter-
state conunerce only if the grow-
mg state's oyster industry and
hea! th agency practices are consis-
tent with the NSSP hfanuaf of
Oprnxtions, State health agencies
comply by mutinely manitoring,
dassifying, and opening and clos-
ing shellGsh growing and harvest-
ing waters in the interest of con-
sumer protection. Processors. in
turn, attach tags to sadcs or boxes
af sheUstack oysters  Uve oysters
in the sheU! noting oyster harvest
date and location, Processors must
properly label containers and
maintain stnct temperature con-
trols ta nunimize bacterial growth.

Quality attibutes and
buying hints
Like most seafoads. oysters pro-
vide sound nutrition. A 3> /2-
ounce �00-gram! uncooked serv-

contains 7.9 grams of protein,
35 grams af carbohydrate, 2
grams of total fat. 57 miUigrams of
cholesterol, and 75 calories.
Oysters axe moderately low m
sodium A 3>/2-aunce serving
also provides 100 percent of the
USRDA for Vitanun 822 and zinc,
plus 65 percent oif the USRDA for
niacin, and about 35 percent of the
USRDA for iran.

Oysters are marketed live m the
shell, as fresh, fxozen or canned
cneats, or fxozen and breaded.
Live oysters axe sold by the
dozen, by the bushel bag, or in

bushel-fraction boxes. Six live oys-
ters per person is a normal por-
tion, although many people wiH
eat more, Shucked oyster meats
are graded and sold according ta
size, usuaBy in 8-ounce and 12-
ounce cups, ar in pint, quart, or
gallon containers. Allow >/2 to '/2
pint af shucked oyster meats per
serving.
lf you purchase oysters in the
shell, make sure that they are
alive. Live oysters, hold their
shells tightly dosed. Tap any oys-
ters with slighdy opened ar
"gaped sheHs. Live oysters wiU
respond by dosing their sheUs
tightly. Oysters that da not
respand are dead and should be
discarded. When purchasing
freshly shucked oyster meats,
choose oysters that are plump and
have a natural creamy color and
dear li paid.
Raw rnoUusem sheUflsh should
only be purcfiased fram reputable
dealers, AU sheUstack oysters are
required to have an accompany-
ing tag that aUows the buyer to
trace the oystexs back to their
paint of harvest. Shucked oyster
meats must be in seafei contain-
ers displaying the p~'s per-
mit number. RetaQ-sized cantain-

{t/2-gaUon ar smaHef! af
shucked oyster meats must have a
"seU by" date stamped an them.
Shucked oyster xneat containers
larger than x/2 gabon must dis-
play the "date shucked," and can-
not be offered for sale beyond 14
days after that date. fnwtare "dip-
ping" of oyster meats fram larger
cantainexs into smaUer cups is not
legal in Alabama.

Preparation
Thoroughly wash and scrub aU
mud and debris away from the
shells. This is %st done with a
garden hose and scrub brush. To
shuck ~hale oysters, use gloves
and an oyster knife. An oyster
knife has a heavy wedgeshaped
blade and handle, often made m
one piece. lt is designed ta with-
stand the pressure required ta
open oysters. Never use a shag,
knife.



Preservation

The cleanest way ta open oysters
is to grasp the oyster securely by
the thin end or "biH, leaving the
Nnge  thicker portion! exposed
toward the other hancL Then:

I i Insert the aystex kxufe into the
crevice between the shells at
the Mage; twist the knife
while pushing it flxmly inta
the opening to sever the
hinge.

2, Once the Mage Ls broken,
before pulling the sheH apart,
slide the knife alang the inside
af the top shell to cut the
adductor muscle loose fram
the top sheH.

3. Remove the tap sheH and shp
the knife under the body of
the oyster, being careful not to
mutflate it, and cut the adduc-
tor muscle away fram the bot-
tom shelL Remove any
remaining sheH particles that
nlay be attached to the oyster.
Most oysters, except the very
largest, can be opened by this
iilethocL

An alternate method is to make an
opening by breaking put af the
sheLL on the thin enri with a ham-
mer. Insert the knife into the
opening aad sHde along the inside
of the tap sheH ta cut the adductor
muscle. Then cut the oyster meat
away from the bottom shell being
carefuL not to mutilate the oyster
meat.  This method tends to leave
more shell partides on the oyster.!

Oysters ta be eaten fresh can be
stored in the refrigerator by either
of two method+ Shellstack
 unshucked! oysters can be stored
without ice m ventilated contain-
ers in the refrigeratar at 35-40' F,
and should remain ahve for T to
l0 days. Freshly shucked ayster
meats can be placed in sanitized
Iwup or I~iat containers or plas-
tic freezer bags. These containers
or bags should be p~ in ice
and placed in the xefrigexator.
Oysters stored by this raethod will
keep for 7 ta l0 days.

Oysters can be frozen, but they
wiH be of lower quality than fresh
oysters. The simplest inethod is to
fxeeze oysters in the shelL Place
the oysters in a plastic bag, press
out excess air. seal the bag, and
freeze. The sheH and juices pro-
vide an exceQent naturaL container
for the oyster meat.
Shucked oyster meats caa be
fxozen also. They' wiH maintain a
betdr flavor if fxozen in their owa
natural juices. caQed liquor. Place
shucked oyster mead in sanitized
plastic containers or freezer bags.
Leave I/z inch of headspace
above aystel' meats in PLrstic con-
tainers. Press beezer bags flat
against oyster meats ta expeL
excess air. Seal and fxeeze as
quiddy as passible.
Oysters frozen by either af these
~ methods ~keep far 2 or 3
months. Do nat thaw aad refreeze
oysters, Thaw overnight in refrig-
eratar only. Thawing under run-
ning water washes away the fla-
var. It is best to use previously
frozen oyster meats in prepara-
tions hke oyster dressing, chow-
deis, or stews whexe appearance
is not sa important.

Safety
Any protein food eaten raw poses
a greater risk of causing iHness
than does the seine protein food
after cooking. However, commer
aaHy available oysters  and other
molluscan sheLIflsh! harvested
fram certified waters, packed
under saxutaxy conditions in
inspected fac0ities, and properly
refrigeraxed pcee Little risk of
causing disease when consumed
raw by most healthy individuals
Along the Gulf Caast, we hear a
great deal about seafood-related
illnesses resulting hom the bac-
teriuia, Vibrio aiilnipciis, TMs free-
living microbe occurs naturally in
temperate brackish estuarine areas
throughout the world. The num-
bers of Vila vufnificirs in coastal
waters increase during the
warmer months, Thus, most cases
of Vibriosis occur during tate
summer and early faIl.

One way Vibriosis can be con-
tracted is by a punchue wound
thxough which the Viio bacteria
gain entry to the bady, The dis-
ease can also be acquired by eat-
mg raw, undercooked, or mini-
mally processed seafoods, indud-
iag oystexs and other maHuscan
sheQfish. It can range in severity
fram a concHtion simdar to  and
commonly misbdcen for! gastraen-
dritis. with associated nausea,
vomiting, aad diarrhea, to a hfe-
threatening primary septicemia.
Everyone wha eats seafood with
associated Villa bacteria wiH nat
succumb to the illness. Amang the
groups of people who are more at
risk are those with the faHowing
canditioas:

u Achlorhydria  recluced stam-
ach acidity!

a AIDS

w Cancer  espedaHy paiiend
undergoing chemotherapy!

a Chronic alcohol abuse

e Chronic kidney disease
ie D4betes meHltus

~ Inflanunatary bowel disease
 or other diseases requirin
bxuauaasuppxessive drugs!

a Uvex disease  induding cirrha-
sis and hemachnsmatasis!

~ Steriad dependency  for such
conditions as chronic obstruc-
tive puixnonaxy disease!

To summarize oyster safety in
simple terms, the comxnexcial oys-
ter industry aad its related com-
madity organizations, along with
county, state, snd federal health
agencies, assure that the vast
majority of consumers wiH receive
safe, wholesome, and nutritiaus
oysters. Unfortunately, a certain
portion of the populabon fisted
previously! has a higher risk of
succumbing ta iHness. StiLL there
are several steps that consumers
can take to minimize the risk of
Hlnesv-

~ Since harmed micxabes are
killed by heat, high-risk indi-
viduals shauld enjoy oysters
and other moHuscan sheHflsh
cooked.



a Persons who catch or harvest
their own oysters shou!dbe
certain that the waters from
which they come are approved
for harvest, County and state
health authorities csn provide
advice about area openings and
dosings.

e Avoid ~ntaminabon.
between raw and oooked shell-
Fish."Always sanitize raw prod-
uct handling surfaces before
laang cooked or ready-to-eat

of any kind on the sur-
face,

I lf the oysters are to be cooked
before consumption, be sure
they are thoroughly cooked.
Oyster meats are done when
they plump and the edges
begin to curl.  This occurs at a
temperature of 140-150 E!

I Refrigerate or freeze leftover,
cooked oyster preparations
promptly. Vse refrigerated,
cooked oysters within two
days.

REl fElvSER: All raw foods,
indudlng oysters, contaiun bacte-
ria. Handle oysters as you would
any perishable food. Keep oysters
cold, handle oyster meats with
dean hands on sanibzed surfaces,
and use oider products first.

Purchase oysters only I'roin rep-
utable, properly licensed or per-
mitted outlets.

Further reading
The material in this fact sheet was
compiled from information con-
tamed in the Iollowing publica-
tions. Consult them for additional
information about oyster biology,
management, nutrition, prepara-
tion, preservation, produchon,
quality, and safety.
Perkins, B,E. 1993, Alabama

seafood facts. Alabama
Cooperative Extension Service
Circular ANR433. MASGP-
93414.

ttIfatlace, R.K. 1993, Oysters in
Alabama, Alabama
Cooperative Extension Service
Circular ANR~. MASGP-
93410,

Wallace, R.K. 1993. Oyster farm-
ing in Alabama. Alabama
Cooperative Extension Service
Ciradar ANR405. MASGP-
93-007.

Perkins, S.E. 1991. Seafood safety.
Alabama Cooperative
Extension Service Circular
ANR-578. MASGP-91403.

Perkins, S.F 1990. Preparation
and preservation of Alabama
seafood. Alabama Coopera-
tive Extension Service
Circular CRD-53. MASGP-90-
005.

Perkins, 8.E 1987, Saving your
catch. Alabaina Cooperative
Extension Service Circular
CRD-40. MASGP4740L

Hosking, W' and R.L. Coilette.
1984, Buying and preparing
oysters. Alabama Cooperative
Extension Service Circular
CRD-30. MASGP-8440K
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Hatchery Production of Oysters

The role of the hatchery in oyster gardening is to produce oyster larvae, set those larvae, and
grow the resulting spat until they are ready to stock to open waters, The oyster species
predominantly cultivated along the Gulf Coast is the eastern oyster, Crassostrea virginica.
Production of oyster spat begins by spawning adult oysters called broodstock. Broodstock ripe for
spawning may be collected from naturally occurring reefs in Mobile Bay or broodstock may be
conditioned in the hatchery for spawning.

One of the more common methods of spawning oysters is by "temperature induction".
Broodstock are cleaned and placed on a shallow spawning table of cool �2-24'C! flowing seawater.
Once the oysters are open and pumping the temperature of the water is increased �8-30'C! to
stimulate spawning. As the oysters begin to spawn, males and females are segregated into small
dishes. When spawning is complete, the eggs are pooled into a single bucket with 10 L of filtered
seawater. A small amount of sperm suspension is then mixed with the eggs to initiate fertilization,
Samples are taken of the eggs and observed under a microscope to check for adequate fertilization
and estimate the number of fertilized eggs. A single female can release as many as 170 million eggs.

Fertilized eggs are placed in large rearing tanks containing lightly aerated and filtered
seawater �0-20ppt!. Here they will develop into free swimming trochophore larvae within 24h
Several hours later they will develop into a straight-hinge or D-hinge larvae with the appearance of a
bivalve shell, The larvae are now capable of feeding on phytoplankton  algae!. The larvae are fed
either cultured algae or naturally occurring algae from filtered seawater, Algae production can be
one of the most time and space consuming operations in a hatchery.

Over the next several days the larvae will develop an umbo at the anterior end and are then
referred to as veliger larvae. Every one to two days the tanks are drained and the larvae collected on
a fine mesh sieve and placed in a new tank of clean filtered seawater. Different size sieves may be
used as the larvae grow to grade out poorly developing or slow growing larvae. After 10 to 14 days
the larvae have developed a muscular foot and a pigmented eye spot and are ready to set. The larvae
at this stage are referred to as pediveligers or "eyed" larvae.

At this point, the larvae are sieved out of the rearing tank and transferred to setting tanks
containing a suitable substrate  cultch! on which the larvae will set. The larvae will set by searching
with their foot for suitable substrate and then cementing themselves to the cultch. Setting usually
takes place within 48 hours after being placed in the setting tanks, Larvae prefer to set in dark
locations  negatively phototaxic!. For this reason the tanks are covered to provide a more suitable
environment for setting. After setting, larvae metamorphose into small oyster usually called spat.
Spat are fed by pumping filtered seawater through holding tanks or in some cases, fed hatchery-
produced algae.

Larvae can be set on very finely ground oyster shell �.25rnm diameter! called microcultch,
or they can be set on whole oyster shell contained in mesh bags. Larvae set on microcultch are
intended to produce single oysters, These are good candidates for aquaculture production of oysters



for the "half-shell" raw oyster market. Larvae set on whole oyster sheB will eventually form clumps
and are similar to oysters found on natural reefs. These oysters are more appropriate for reef
restoration and reef enhancement projects like oyster gardening,

F. Scott Rikard

Research Associate
Auburn University

Marine Extension and Research Center
4170 Commanders Dr.

Mobiie, AL 36615



Taylor Floats and Maintenance



HOW TO BUILD A TAYLOR FLOAT

Unit Cost Cost Per Roat
10 feet 1" x 1" plastic coated wire netting
1- 2' x 4' piece of polyethylene netting
12 feet 4" Schedule 20 PVC pipe
4-4" Schedule 20 PVC elbows
144 stainless steel rings
28 nylon Zip ties
PVC Primer
PVC Cement
L r

8 7.50

8.07

7.92

2.00
7.00

1.00

1.00

40.00

0,75/foot

0.672/foot

1,98/each

5.00/lb,

5.66/pint
4.45/pint

Total Cost'

' All casts are approximate and subleet to the prices of the material vendors.

1. Cut the PVC pipe into 2 four foot lengths and 2 two foot lengths, Swab the purple
cleaning primer onto the outer edge of every pipe and the inside of each elbow.
Wait for the primer to dry. Add the cement to the outer edge of the two foot pipe
and the inner edger of two elbows. Swab the cement on to one piece of PVC at a
time and put the pieces together before adding the cement to the next piece.
Force the elbows all the way on the two foot piece of pipe to make sure they are
square. Add cement to the outer edge of the four foot pieces and the other
eibows. Quickly place all pieces onto a flat surface and push the two foot lengths
with elbows all the way on the four foot length of pipe. Re-cement each seam to
avoid a leak.

2. Cut one piece of plastic wire netting 12 feet long and 11 inches wide. Cut another
piece of plastic wire netting 2 feet by 4 feet. Fold the 12 footx 11 inch piece of
wire into a two foot by four foot square. Attach the corners with stainless steel
rings at every mesh.

3. Attach the 2 foot by 4 foot piece of netting to the bottom of the box using
stainless steel rings clamped at every mesh.

4. Attach to the PVC floatation collar using the nylon zip ties, placing the cut edge of
the wire at the top of the float collar. Attach the two foot by four foot piece of wire
to the bottom edge of the side of cage using the stainless steel rings.

5. Make a lid by cutting a 2 foot x 4 foot piece of neNng. The lid may be attached
by using plastic coated wire.
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Care and Maintenance of Oysters

There are three things that will be the most important maintenance tasks for oyster
gardening: �! keep the float clear of fouling organisms such as barnacles, mussles, and algae; �!
remove sediment and oyster feces that will collect in the float; and �! remove predators that will
invade your float and feed on the young oysters. Your float will need to be pulled from the water and
allowed to dry out.

Control of Fouling Organisms
Drying out or desiccation can control most barnacles and mussles. This will be accomplished

by pulling the Taylor float out of the water and letting it sit on the dock, exposed to the fresh air. The
young oysters can survive extended periods exposed to air. Letting your oysters sit in hot, direct
sunlight for more than a couple of hours is not recommended. Keeping the float shaded will help to
reduce the fouling. On cloudy or rainy days, the oysters can survive for a longer period of exposure
to the air. Your floats should be left out in the air as often as every two weeks during the winter and
as often as once a week during the summer. Each site wiil vary in the method and length of time
needed to control the fouling organisms.

Filamentous aigae are persistent fouling organisms. The algae do not harm the oysters but it
does make it hard to observe the growth of the spat. The best way to control the algae is to make
sure it does not have a chance to grow. When you observe algae beginning to grow on your float
you should begin the routine of letting your float air out in the sun. Once the algae becomes
established it will grow very quickly. If the float is heavily fouled with algae, remove as much as
possible before the desiccation process. It is possible to control the algae growth by limiting the
amount of sunlight reaching the float. This may be accomplished by covering it with an opaque
cover.

If you cannot control the growth of barnacles, mussles, or algae using the drying out method
alone, you will need to take a more direct approach, Scrubbing the float with a hard bristle brush will
help remove the algae, Scraping with a hoe can remove barnacles. A high pressure hose can also
help to remove fouling organisms.

Cleaning Floats
The Taylor floats will trap sediment that is suspended in the water. The problem you have

with sediment will depend on where you are located. Some areas may have a high load of
suspended sediments, while others may not. Examining the bottom sediments near your pier will be
an indication of the problem you may have. Sandy sediments are seldom a major problem because
the larger grains will tend to settle out of the water because of their size. Floats located in areas
where high wave activity occurs may have to clean their float after a major storm.

If your area has fine clay sediment, this will be more of a problem. The oysters in the float wiII
catch the sediment as it falls out of the water. Oysters will also remove some of the sediment and
algae through their own water filtering process, The waste product of the oyster, known as
"pseudofeces" will contain some of the sediment as well as the natural oyster waste. Waste particles
will be dropped and accumulate on the bottom of the float. Both the sediment and the oyster feces
can be a problem with the survival of your oysters. Without routine cleaning, the oysters can quickly
become covered which will inhibit their ability to feed and breathe. The oysters that are trapped
below the sediment will probably die. For this reason, your Taylor floats must be cleaned on a
regular basis. The time between cleaning will vary depending on the location of your float and the



season. All floats will need to be cleaned as often as every two weeks. Cleaning can consist of
moving the float up and down in the water until all the sediment is rinsed off, or by using a hose if
one is available. When cleaning your float do not remove the dead oysters from the float because
they wil! need to be counted when collecting data on your oysters.

Source: Oyster Gardening for Restoration & Education.William Goldsborough, Donald Meritt Dried Barnacles

Dried Algae



Gardener's Data





Randomly select 50 oysters. Measure each oyster, using the regulation oyster ruler, in

millimeters. Measurements are taken from the hinge to the lip  see reference photograph!.

instructions for submitting your data:
If you have any questions, please call the Mobile Bay National Estuary Program �51! 431-
6409.



.::,:.�,.:::: Measure the oyster from the hinge to the lip , tj
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Mobile Bay Oyster Gardening Calendar

January � April: Construct Taylor Floats

April - May: Participate in an Oyster Gardening training session.
Mobile Bay National Estuary Program will provide oyster spat at 1,000 spat per Taylor float.

May � October:
Monitor growth and collect data on oysters every month. Record requested information on the
Oyster Gardening Data sheets. As needed, maintain floats by removing fouling organisms, Growth
of algae can add 10-50 pounds of weight to the float. A pressure washer removes algae best.

November � December:

The Mobile Bay National Estuary Program office will contact you about transporting your oysters for
restoration. Oysters will be planted onto reefs in Mobile Bay approved by the Alabama Marine
Resources Division and Alabama Department of Public Health, Floats must be removed from water
and cleaned for winter storage.
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Oyster Restoration in Alabama

Richard K. Wallace

Auburn Uni versi ty Marine Extension and Research Center
4170 Commanders Drive, Mobile, Alabama 36615

Kett Heck
Dauphin Island Sea Lab and University of South Alabama
Post Office Box 369-370, Dauphin bland, Alabama 36528

Mark Van Hoose

Alabama Department of Conservation and Natural Resources, Marine Resources Division
Post Office Box 189, Dauphin Island, Alabama 36528

Abstract

Oyster reef restoration in Alabama consists almost entirely of shell planting, although seed oyster
planting was common until the late 1960s. Private seed plantings were recorded from the 1880s but were

poorly documented. Significant amounts of shell. were planted on public reefs historically and private
shell plantings continue at a modest level on riparian bottoms. However, no public bottoms ate currently
leased by the state to private citizens for planting. The first public plantings took place atound 1910, A
succession of oyster commissions, state and federal legislation, and entities of the Alabama Dcparttnent
of Conservation and Natural Resources have directed public reef restoration since that time. Kihght
legislative acts from 1910 to 1961 required the return of various percentages of oyster shells for replant-
ing. The 1961 Act required oyster buyers either to replant 50% of aII oyster shells removed from Ala-

bama waters or to pay thc state the value of the shells plus planting costs. The act proved unenforceable
until the addition, in 1981, of a $0.25 pcr sack oyster tag. The tag provided a method of determining the
amount of shell owed by each buyer and of providing the funds for shell planting.

Alabama currently has about 1,240 ha of public oyster reef, and it is estimated that another 24,000 ha
of bottom are suitable for planting. Managers have relied on the economics of oyster production to
rationalize oyster restoration expenses and have not made an issue of the potential ecological benefits,
nor has there been much research to help support such a position.

Recent research by state biologists indicates that fossil coral is a good substitute for oyster and clam
shell, bui, the costs make it uneconomical at this time, Umversity researchers have investigated off-
bottom culture of cuitchless oysters in bags, bottom culture of remote set oysters, hatchery techniques,
natural spat settlement patterns and the natural varittbles that control growth. Several oyster cuIture
methods have potential in Alabama but remain underdeveloped, The ecological benefits and costs of
oyster culture in Alabama have not been addressed.
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Physical conditions on Alabama oyster reefs
are dominated by the Alabama-Tombigbee River
system which has the fourth largest discharge in
the U. S  mean = 1,800 tn'! and reaches more
than 7.000em >sec' during flood conditions
 Schroeder 1979!. During low river ffow, tides
and winds overcome the freshwater discharge
and allow high salinity waters from the Gulf of
Mexico to reach the reefs. The reefs survive in a
precarious balance between periods when the
water is too fresh for survival and periods of
high satinity when predators such as the oyster
drill  Thais itaetstasrotsta! can decimate the stock
 Eckmayer 1979!.

Alabama currently has 1,240 ha of pubhc
reefs  May 1971! and the areal extent  Fig, 1! is
similar to the 1,256 ha found in l894 fRitter
1896!, However, Be!! �952! estimated that
there were 2,392 ha of public reef in Alabama.
Discrepancies between these surveys are attrib-
uted to methodology and interpretation, al-
though it is known that one reef was altered by
channel construction  May 1971!.

Oyster production in Alabama was reported
sporadically from I 880 to 1948 and yearly
thereafter  Fig, 2!, Landings have averaged

Figure l. Location ojoyster reej'sin ilfobile Say, Alobasna.
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Figure 2. Alabaeta Oyster Lonelier 1880 - 19M
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Figure' 3. Public Shell Planting ln Alabaeta, 1910 - 199ti.

419,753 kg since 1880 and, for the period 1991-
1994, landings have averaged 357,226 kg with a
mean annual ex-vessel value of $1.1 M,

Alabama has three categories ol' oyster
grounds: oyster riparian bottom, leased bottom,
and public reefs. All tidally influenced subtidal
bottom belongs to the state. However, in 1872
the state legislature created oyster riparian
bottom which allow a waterfront property owner
or his lessee the exclustve right to phtnt and
gather oysters out to 545 m from shore. This
riparian right can only be obtained when the
area is surveyed, marked, and registered with
the Alabama Department of Conservation and
Natural Resources, Marine Resources Division
QRD!. Approximately 24,000 ha are available
to be claimed as riparian bottom. Natural reefs





production from public reefs from 1987-1989
prompted the state legislature to provide funds
for planting in 1989 and 1990. In 1989 funds
were used to transport shells donated by oyster
shops, ~bile the labor for planting was provided
by a local oystermen's assot:iation. Funds in
1990 were used to purchase oyster shell and to
pay oystermen for planting.

Fulling oF shell planting was partially
shtfted to the industry with the passage of a sack
tagging law in 1987 that required a $0,25 tag on .
each sack af oysters. The industry was also
tapped as a source of cultch material in 1991,
when a long dormant law  the 196l Act! was
revived. The 1961 Act required oyster buyers
that purchased Alabama oyster» to replant 50%
of the shell. An agreement was reached with the
shop owners that if they donated 100% of their
Alabama oyster shell, the Alabama Department
of Conservation would be responsible for shell
transport and planting This agreement has
proven successful with most shops donating not
only their Alabama shell but also shell that is
trucked in from other Golf states. At present,
Alabama has far more oyster shell available than
funds to pay for transportation and planting,

Enough funds from oyster tag, sales were
accumulated  supplemented by money pravided
by the Alabama Marine Resources Division! to
fund oyster reef restoration efforts in 1993 and
l994. Contracts were established by competitive
bid for transporting and planting shell, Alabama
shell planting efforts since 1989 are summarized
ln Talile 2,

In addition to the public reefs, there are
curn:ntly 27 recognized private beds in Ala-
bama. These beds are on the previously de-
scribed riparian oyster right bottoms and no
records of shell planting are available. Of thc 27
riparian beds, few exceed two ha in size and
only two consistently produce commercial-site
oysters. Private oyster production in Alabama
exceeded the harvest from public reefs only
once in the last 25 years, Alabama law also
provide for the leasing of state-owned oyster
growing bottoms; however, no one has leased
any state oyster bottom in IS years.

Table 2. Oyster sltell scqttired from oyster sttops sntt
planted on Alabama reefs. t989 - 1994.

Yettr Planted m' Cost $ Cost/m' $

2,660

12,69l

4,560

5,320

25,231

l989

1990

1993

1994

Total

50,000 18.80

397,250 3l.30

85,850 18.82

72,527 14.20

605,627

Research
Planting shell to restore oyster reefs has long

been considered a positive management mea-
sure, but there have been few quantitative
studies in Alabama to justify the practice. May
�971! noted that 340 m'/ha shells planted on
barren bottom produced 121,000 oysters/ha
More decently MRD personnel evaluated
clamshell planting. Post planting dredge tows
were taken from 1984-1988 ta assess spat set
success. The results of these tows are found in
Table 3. Successful spat sets can be traced to
many factors; however, location was mast likely
responsible for successful plantings m 1983 and
1985 since a historically productive section of
the main reef was planted in those years. In
other years, attempts were made to expand
potential harvest areas by planting in marginal
or low productive habitat but had little success.

Since oyster shell may become scarce or
expensive, MRD personnel have investigated
archeological coral as an alternative cu itch
material, lt was found that a test plot of coral
had a spat setting success comparable to a
nearby test plot containing oyster shell  Tatum
1994!. However, the price of coral {$25'm'! is
not currently competitive with oyster shel!.

There have been hmited efforts over the
years to transport oysters from areas closed to
public harvest by the state health department,
from areas scheduled to be renovated  dredged,
Filled, etc.! and from areas virtually inaccessible
to-tonging for reasons of depth or sea conditions
to locations open and accessible to public
'harvest. Analysis of these efforts indicate the
costs were high relative to the benefits.
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Table 3. Evaluation of Alabama clamshell Plaatinga from
1983-1987.

Date Planted Date tt Shells % Shells
Evaluated Examined with S at

06/27-07/14/83 05/18/84

07/07-07/07/84 05/01/85

09/09-09/13/85 04/29/86

07/31-08/24/86 08/10/87

06/11~1 II87 06/28I88

625 29.0

6510 1.6

360 19,0

2619 0,4

1929 1.5

Temporal and spatial distribution of oyster
spat have also been studied and the inforination
is relevant to locating appropriate sites for shell
planting, Hoese et al, �972! monitored 15
stations for oysters set in Mobile Bay snd
Mississippi Sound snd fouttd 1ow spat set
{�-2 m+8'! in the southeastern and central part
of Mobile Bsy, higher sets �-10.m <d'! in the
southwestern ares of thc Bay snd eastern Mis-
sissippi Sound. High spat sets �00-200~in>d'!
were reported in the western Mississippi Sound..
Unpublished studies at the Dauphin Island Sea
Lab, Alabama support these findings. Research-
ers at MRD documented a bimodal spat setting
pattern within each year over a three-year
period. The earliest initial setting peaks werc in
June and Ju1y while the latest secondary setting
peaks were in October and Noveinber. Tempera-
ture snd salinity appeared to be important
factors affecting the time of the set.

Oyster culture is another area of research
that is related to oyster reef restoration. Msy
�969! concluded that string culture using oyster
shefl produced good growth in Mobile Bay
{from 10 rnm to 77 mm in 12 months!; however,
high costs and loss of oysters from the strings
discouraged further study, Eckmayer �983!
reported that hatchery-resn.'d oysters planted on
the bottom in the southeast comer of Mobile

Bay  Bon Secour Bay! all died wilhin seven
months. Mortality wss probably due to freshwa-
ter flooding.

Interest in oyster culture was renewed in
1989 when production from natural reefs hit a
historic low �,300 kg! due to drouglit condi-
tions, Al that time, the Auburn University

Marine Extension and Research Center
 AUMERC! began a small oyster culture re-
search program aimed st enhancing oyster
production in Alabama. Initial research focused
on growing cultchless oysters in bags on racks
in a fertilized pond. Oysters grew rapidly to 34
mm in 56 days with low mortality, but were only
50 mtn after one year  Wallace and Rouse
1993!. Subsequently, fettihzed ponds have been
used only as nurseries prior lo placing oysters in
Mobi'le Bay for growout.

Three basic culture techniques have been
examined to date: cultchless oysters in horizon-
tally suspended bags, cul tchless oysters in bags
on racks, and remote set oysters  set on whole
oyster shell! in trays on the bottom. Oysters in
horizontally suspended liags leached harvestable
size �5 mm! in 16 months  Wallace et al.
1994!. These oysters were grown in an ares of
Mobile Bay where there has been very little
natural oyster production. A local oyster proces-
sor is continuing with tNs technique and hss
recently test-marketed "farm-raised Bon Secour
oysters*'. Cultchless oysters grown on racks
averaged 71 mm  rsnge = 49-99 nun! while.
remote set oysters on the bottom averaged 82
mm  range = 57-110 mm! after 16 months
 Rouse et al. 1993!, Neither of these culture
techniques have been adopted in Alabama.

Current mariculture studies include: produc-
tion of triploid oysters using pressure snd
nitrous oxide, prevention and control of fouhng
in suspended bag culture, disease in cultured
oysters, and polyculturc of shrimp and oysters in
ponds, The Dauphin Island Sca Lab is conduct-
ing experiments in cooperation with AUMERC
to assess which areas in Mobile Bay possess the
necessary conditions for good oyster growth by
examining a suite of biotic and abiotic f'actors at
different locations,

Oyster reef restoration in Alabama is dri ven
by the desire to maintain commercial oyster
production. Benefits to the Mobile Bsy ecosys-
tem derived from oyster reefs are taken for
granted by fishermen, managers, and scientists,
'but arguments for oyster reef restoration are
rarely, if ever, made on an ecological basis. It is
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unlikely that the general public understands the
attendant benefits of maintaimng oyster reefs.
Public educational efforts may help justi fy
continued expendi tures for shell planting and
other oyster reef enhancement projects.

The more sophisticated forms of oyster
culture such as cultchless oysters grown in bags
would not seem to fall within the scope of
traditional oyster reef restoration and may not
have the same ecological value. However,
oysters in suspended bags or on racks still filter-
large volumes of water, provide habitat for some
typical oyster reef organisms  xanthid crabs,
blennies, gobies, etc.!, hand contribute to the
natural spat set.
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or more than a century. com-
mercial oyster harvests have
had a major economic influ-

ence on many of the nacion's coas-
tal communities wich annual dock-
side values totaling m the tens of
millions of dollars. These numbers
fisc significantly when support
industries are included � process-
ing plarit, boat building, equipmenc
manufacturing and other services
chat range fram retailing to food
service All told, the oyscer busine»s
has employed thousands oF workers.
Along the Atlantic coast. in pattie.
uIM. this is no longer the case,

The wild oyster fishery, which
has helped defme a way of life in
rhe mid-Atlantic and Gulf Coast
regions, saw the first signs of decline
in 1956 when a mysterious parasite
� it wm initially referred co as
MSX because of ics mulcispherical

' appearance � killed more chan 90
percent of rhe otters in Delaware
Bay. By che next year, lvISX began

making its way up the lower Chesa.
peake Bay, and over che next sever-
al years, it spread farther up the Bay
into lvlaryland waters.

On the west coast, where che
industry is based primanly on aqua-
culture, powers do nat depend on
natural sets of oysters; rather. oyscer»
are spawned in the hacchery and
chen planced on pri~~ce grounds.
%'hile growers in %'ashingcan stace.
Oregon and California have been
s~i in developing an industry
based on a non-native species  the
Pacific oyster, Crassostrctt gigruk
intensive production has alsii result-
ed in increased prevalence of' many
infectious diseases known as "sum.
mer mortality" � these disc@~ now
chreacen the future of the induscry.

Early in the I9Ks, oysrers in
Gulf Coast waters began falling to a
prococoan parasite, Perkinsus mnimas
<more f'amiliarly known as Derma
because it was originally classified as
a fungal species, Derrriocysridiuiri!. In

the mid-80s, Derma began killing
oysters in the Chesapeake Bey-
over che next decade, the parasite
spread throughout che Chesapeake,
sometimes inadvertently transported
by replenishment programs and
commercial operations that moved
ouster» from reproductrvelv rich boc-
tom grounds to areas more tavorable
for growouc. Bv the early 90».
Dermo had infested virtually every
major oyster bottom in the Bay. A
resilient parasite, Derma has contin.
ued to move up the Atlantic coast;
it has struck Delaware Bay and been
seen as far north as Maine oyster
grounds.

Harvest records tell patt of' che
story. In lvfaryland, for example, the
annual cacch Ructuaced between
nvo and three million bushels a year
From the 1960» through the I9fl0».
Over the last eight years, the annual
cacch has averaged a mere I50,000
bushels, a 90 percent decline. With
declining oyster harvests has come



a diminished indusrrv infrastructure:
shucking hisses, brrsrrlesses chat
serve J harvesters;rr>J processors in
the fall anJ svinccr mt>nths, eco-
nomic changes an J» >meshing more
elusive � a «ay ot' life in svhich
social and svork patterns that were
clearly ne J to the rcgk>n's historical
past and ecological present.

A Keystone Species
The heavy kiss of «yscers ro dis-

ease and che Jismanciing of habitats
through more than;r century of har-
vesting and landborne poHucion
have also impacted water quality
«hat depends, ac least in part. on
robust oyster popuk>cions and che
bs>ttom-dwelling communities thar.
form around them. Only in recent
years have we begun to appreciate

A resiIient parasite, Dermo
was first observed in Gu!f

Coast waters and has

been moving Up the
Atlantic coast.

ri> those i»aps Crs>rrr sha6rtg ecPcat$ reg~s>rs
where Demo cM ASS>C SSseoses are ppder»c

amor>g a iorge r>r>macr of Qfgcrvsms  epi-
Zaar>C! O ha>e attrrrerr' rr> ~ rara»rr«S

!er>zorerj: r>phd shosSi>r >r>rSrares ~ »r>ere
parrrs>res r>a>e i>cert reported. huc are rior

corssrr>g recogn zaare moirofiries.

2 . OYSTER DISEASE RESEARCH PROGaVrr

what che k>ss r>f ovscer's and their
reef structures have meanc cr> cr>as-
nrl st>un Js «nd estuaries f'rom >elaine
co the Gulf of h tease !.

Oysters m: I el=«>nc species rn a
number i>f' aquatic ecosvstems.
meaning that thes plav a «igmf'icant
n>ie in cunvertinsr r>ranic rnrtct«r.
namely singl«-cclleJ algae, to cr>er-
gy. An adult oyster. for example.
can filter' 40 co 3O gallons vf w'reef
daily N svaml months in si> Jo
ing. thcv ingest algae, thus remov-
ing chac living matter f'rom the
wacer. Tnough algae  also catleJ
phytoplankton! form the base of the
food chain anJ are cririca! for or-
ganisms higher up in ch» rhain. coo
many algae can presenta proHcm
for ecossstems chat cannor. assuni-
late chem.

Leuc Orsrers g>rr» rW ease o'
important ~ross aoe herp ro
sr>stair> Crcior»coi ~r». Oppo-
are page The proto>slog vxtrrslp/
ar>rf rerareC OoSV>esses ~she a>SO
sv fered wrr> roe tfecsr.e of ors-
ters rn cocstai >vorers.

A major problem rn
many estuaries like the
Chesapeake is two-f'oklr
nutrients flooding in by
land and air anJ a lack of
assimilative organisms fo
handle them. The result
is excessive growth ot'

phvtopkrnkcon- Wthout enough frl
rcr f'eedcrs hke oysters. chc algae
that' go uneaten ate left co Jecay.
The Je'rJ,>leae, svhen mcmfv>lrtcJ
by micrr+es. ci>ncribuce ro oxygen
depletion. a major cause r>f poor
water qrxstity. especially alimg the
l>r>tcom. where many species live.

Clearly, more r>ysters and im-
proved habicac in c' he Chesapeake
could help rcmove algae and ron.
tribute to improved ~ater quality;
meanwhile. improved water quality
could alss> lead to an invigorated
oyscer fishery, based on sustainable
harvesting.

Until recenciy, che prospeccs of'
any rcscoratiori were hardly con-
ceivable in che mid-Atlancic region.
Not only had Dermo and iaaf SX dec.



imated virtuaHy every major oyster
ground in Cticmpeake im J Del«-
ware bays, bvt except For ad hoc
acrions to cry and manage around
disease, a full. scale plan to combsr
chese diseases was virtu«Hy non-
existent- Such a comprel'ensive
plan is essential, Scientists have
tacked a fundamental understanding
of che biotogy of ihe parasitic crgan-
isms, Ie'f alone knowledge about the
factors rhac make oysters so vulnera-
ble. Though researchers at che
Rutgers University Haskin SheHfish
Laboratory haJ bred oysters resis-
tant co!vIS'X, these oysters were noc
resistant to Dermo, %hen Derma
beg«n»pres ding through mid-
%i!antic waters, the Rutgers oysters
pro< ed to be vutner«bte. thus pre-
cluding their use in commercial
hatchery operation,

A Coordinated Couriceractacl<
White re»earch on oyster disease

through rhe 70s snd 80» increased
the scienciftc understanding ot such
issues as the oyster's immune system,
that research was piecemeaL con-
sisting of individual studies Isrgety
Funded by che Nations! Science
Foundation and indivi dual Sea
Grant programs. There «os no coor-
dinated, nor consistent long-term
«upporc chac woulJ enable scientists
to develop innovative research
efforts � nor di J those pieceineal
efforts focus on the critical relation-
ship bet<veen scientific findings and
their practical app! ication by grow-
ers and management agencies.

In l 989, however, Congress en-
acted legistatiori which recogntced
that if there was to be any real
chance of returning oysters to coas-
tal ecosystems. chen it would take
consistent support for research and,
equally important, education efforts
to demonstrate che appbcacion of'
that research. The Oyster Disease
Research Program  ODRP! is che
result � its aim, the development
and application of a body of' knoivl-

edge co help restore
oysters ro coastal
systems in the
Urute J States.

Over the past
five years, this re-
search has made
enormous progress
chat has already puc
surviving oysters
back in the water�
ODRP has signifi-
cantly iinpioved ap-
proaches co manag-
ing around Jisease
anJ has furthered
the sciencitic under.
scanding at che
Jynamics of disease.
In addition. ne<v molecular probes
«re now co<rung on line that witl
soon give east coast ovstenrien a
rapid means co cesc tor threats of
Derma anct?4SX and west coast
growers disgnoscic to»ts co Jececc
Pacific oyster nocard<»is, the ivi Je-
spread disease thar perioJicaHv
causes signiticant mortalities. espe-
ciaHy in culcured species during
periods of warm temperature.

Scientists have been breeding
oysters thac are more tolerant oF
both klSX and Derma � several
seasons of' field trials are poinnng co
new direccions thar. commerciiil
growers, privace and public, are
already beginning to employ.

Will we see successes in oyster
restoration in the next several
years? The answer is yes. In «JJition
to i~proved prospeccs For disease-
resistanc oysters, educational efforts
by public agencies. citi=ens groups
and Sea Grant programs fcx:using on
che key role of oyster habicacs for
aquatic health have excited public
participation in oyster gardening in
the mid-Atlantic. Citirens in
?vtaryland and Virginia are giiiwing
oysters along docks and on leased
grounds that can then be planted
and used as bcoodstock for new gen-
erations oF oysters.

Over tAe past five
years, research on oyster

disease has made

enormous progress.

WiH these and othec efforts re-
store oyscers to levels af the mid-8Qs
in Chesapeake Bay, let slane to
what they were fifty years ago? The
answer is no, lt has taken more chan
a century af sceady harvescing and
rising pollution ro eliminate oysters
� ir msy take decades mor» to even
«pproach large-scale restoration.

White restoration capabilities
wi 8 depend on laboratory and I'ield
research, such as those supported by
the Sea Granc Oyster Disease Re-
search Program, widespread restora-
tion will also depend on other ac-
rions, f'rom rebuilding oyster habi-
tats to ongoing eforcs to slash cont-
aminant and sediment runoff from
che land. Even mace, bringing back
the eastern oyster will take contin-
ued public recognition that oysters
are keystone organisms and an un-
derstanding chat if there is co be any
chance of sustaining che health of
coastal systems, oyster restoration
wilt be criricsL ws
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Aquaculture and Restoration
BT MERRIU. Lamm

at only is ~ture bringing
more farmed seafood ro th» table
each year, it is also bringing assis-

rance to resource and habitat restar-
ation programs. In th» Chesapeake
Bay, for ktstance, hundrccb of thou-
sands of srriped bass w«re released an-
nuaUy by pubhc and pnvate agencies
� this was part of the successtul pro-
gram ro restore the spmies duoughouc
the East Coasc. Populations of striped
bass appear to be bade to hhconcal
levels and agencies only have a Hmjmd
need to release them now. Research
and managemerm agencies are current-
ly looking at how aquacukure can
help renore other species, among
than, severely diminished shad popu-
kttlans and the nearly extinct sturgeon
thsc used to roam tbe bomb waters oF
Chesapeake rivers.

Buc the great»st tescoradon chal-
lenge for aquaculntte in the Chesa-
peake is ks ance-renowned oyster
popuhttians, which are at historied
ksws. The heavy joss of oysters to two
parasitic diseases � Dermo  caused by
Per»rnstrs mctrrrtrtr3 and MKK  caused
by Hep45porsrLVurrr rre?corti i has
combined with a century of steady
harvesting pressur«and an increase in
hrndborne paHution. m pecially scdi-
m»ntatkxt, co decimate rhe species.

?tot only has the oyster indusuy
suffered � waterman, suppliers�
seafood processors and djstributors-
but so kppsrently has Bay water quaji-
q which dep«nds, at least in pan, on
nibusc oyster popujatkxts and the
cammunittcs that form around them.
Only in recent yeats have we begun to
appreciar» how oysters and their habi-
tats conrribum to improving water
quality by IHtcting algae, which re-
move sorn» af the excess nuuicnts chat
are plaguing che Bay,

Despice their decline, oysters are re-
silient animals � this past summer. for
example, the Chesapeake hsd a record
spat set. ncw young oysters that settled
on shells and other sub»traces through-
out the Bay, Because af Derma and

54SX, ~, most of these oysters
afc not Hkejy to survive 16 harv«stable
size in the three years it gcneragy
takes oysters spawned in the wikL The
poor prays for sun ival  s one rea-
son restoration plans have been look-
ing to the controH»d spawning of oys-
ters in hatch»rest hatchery operators
can spawn oysters earlier than under
natural concgcjom and give young oys-
ters a big headstan in ~ ta ma-
turky. IVIoreovcr. as speciagy-selected
stacks are developed that are morc re-
sistant to ~. ~es can be
used to gec these oysters to growers
fcx' rcstamion purposes  s»e tfnryfrtrtcf
&arirrc?vorrrr, January-February 2997!.
Such effons are raaking it possible to
better manage around dis»ase by grv-
ing resource managers and commercial
operations more fiexibijiry.

For mom than 20 years, Ivtaryktnd
Sea Grant Speci»hat and researcher
Dan Meritt of the Univeraky of Mary-
land Center for Environmental Science
has been operating thc hatchery at
Hom Point laboratory  HPLy and
working with watermen to set their
own oysters and plant chem on pri-
vately-leased beds. with Derma naw
entrenched on oyster beds throughout
chc Bay, Medtt has teamed with other
researchers, including those at th»
Maryland Depanment of Natural Re-
sources  DITTO and in th» Macy~
Oyster Recovery Partnership � a co-
verture oF watcrmcn, aquacujturets
and environment:tjjsts � to spawn dis-
easekce oysters in the hatch»iy and
gros them to naturky ir lower-sagnity
areas. While optimum growth in oys-
ters Favors higher saliniries, disease

pressure is gcnemgy jess intense ar,
lower sajlnitjes and the hope is that
oysters can survive ta manmcy there.

The Panneiship grew out of a
uniqu» cansefL%L% agre»ment in?itary
land. says its executive dir«cror Robert
Pfi«F«r, among watermen, aqeacuhm-
ists, resource manajpxs, legislators. sci-
entists and envhonm«nudists � ks
lang-range goal is restoradon oF oyner
populations. Thc agre«mern dhrided
the Bay syscem irido three zanes, A, B
and C, In che upriver and low saiktky
waters of Zone A, ~ chsease-Free
spar can be pianted; Funhermore oyster
harvesting is not agowed in these areas.

is it possible to bring these oysters
to harvest before disease kgfs them?
Funher. asks Ivlerict, can we bring them
to harvesc under different dimatic con-
ditions, particuhdy when sagtudcs arc
higher because of draught-tike weather
and disease irxens'ny is therefore great-
er? So far the prospero are promising,
says Pfi»ffer, though we need s»verai
mare seasons of differing weather con-
dicions to have a dearer idea.

ln I997, Meritt produced more than
20 migian oyster sptc at HPL � stijl
ordy enough to plant some 20 to 30
acres of bottom ground. WbiI« DNR is
also growing and planting disease-free
seed. sustainable rescoracion could be
IIF«times away, Consider that ~
has some Pi0,000 acres of designated
public oyster grounds  though mosc no
long«r produce harv«stable oysters!,
says Meriu � our cffons arc a mea-
sure of the task ah«ad of us.

Impomtnt inroads are being made
in thc effart to bring back chc aysc«r in
the Chesapeake Bay, but it wHI rake
more than aquaculture to reem what
has csken a cenrury ro nearly desrroy.
lc AH rake major effans co ruaincain
reductkxts of poliurian fram che land
slang with progress in ongoing re-
search to develop oysters that are re-
sistant to disease. But we have made a
stan, says Merim They may be small
st«ps, but at I«est they are steps. M





Exet;tjtivc Summary

3 smail group of oyster experts from Alaryia>td. 1 trgi>tia a»d Forth Caroh'>ra»>et at the f~i>gi>tia f»st>ttttc of
.Xfarirte Science Eastern Shore Labo>vttora tf'nchupreague. <,1 on ~u»>tare I Y. 5Ã9 to >ceo»»»ertd»ieasu>c's u>
restore an>protect the oyster resource of the Chesapeake 8am.

Restoration Philosophy
~ The goal for Chesapeake Bay oyster restoration should be to restore and manage oyster populations for

their ecological value in such a way that a sustainable fishery can exist while maintaining the essential
ecosystem functions of oyster reefs.

Protection PhHosophy
The oyster tishery should be managed regionally based on stock assessments.

~ Proper disease management means minimizing, or even prohibiting, movement of infected oysters,

Essentia! Components of Oyster Restoration Efforts
Thee-dimensional reefs. standing substantially above the bouotn, are essential for oyster reproductive
success, for predator protection and to create habita~ for other organisms.

~ Permanent reef sanctuaries perrmt the long-term growth and protection of large oysters that provide
increased fecundity and may lead to development of disease resistant oysters.

For success, both cotnponents, three dimensional reefs as permanent sanctuaries, are necessary; neither
cotnponent alone wiH be sufficient.

Reef Siting and Design
Sanctuary reefs must be placed on hard bonorn in areas of natural spatset Three-dimensional structure
equal to at least one-half the ~vater depth is recommended.

Adult oysters may need to be added to reefs to -jurnpstart" recruitment.

Oyster shell is a limiting resource in all areas and ai ailability may affect recruitment around reefs,

Goals
Long-term goals are to set aside and restore 10~/o of historic productive oyster reef acreage for its habitat
and ecological value and to restore a sustainable public fishery that would not require additional public
monies.

Short-term goals are to increase spatset, increase the number ot adult oysters and to increase habitat and
fish utilization of that habitat in tributaries vvhere reef sanctuaries have been established.

Intermediate goals �-8 years! are to demonstrate the effecuveness of reef sanctuaries in selected
tributaries in Maryland and Virginia,



Restoration Philosophy

Qvertishing in thc late I 800s "nd early I900s reduced Chesapeake Bay market oyster landings from a peak
of about "0 mi/lion bushels in I S87 to a more-or-less steady state oI about: miHian bushels by I 930. This high
harvest pressure alsa mined the oyster reefs themselves. gready reducing the reef habitat in the Bay. In the last
four decades two protozoan diseases  MSX disease caused by ffapiosyoridium nelson and Detmo disease
caused by Arkinsus marirntr! have combmed to further reduce ayster oopulations throughout Chesapeake Bay
to about I /e ofhistorical levels.

Restoration and proper management of ayster populations in the Chesapeake Bay are critical, but we must
move away from the concept of restoring and managing oysters strictly ta support an industry. The primary
impetus for oyster restoration should be because their filter-feeding lifestyle is an important ecological compo-
nent in the Bay ecosystem and because their reef-building nature provides valuable habitat for oysters them-
selves and for other organisms. Oysters can imprave eater quality because they consume phytoplankton that
contribute to anoxia in bottom waters and they also reduce suspended particulate matter thereby improving
water clarity and light penetration citicaI for aquatic plants. Oyster reefs support a diverse macrofaunal com-
munity that provides shelter and food i'or cmbs and fish. An increase in oyster reefs will iru:rease habitat and
food far other important species in the Bay.

The restoration philosophy must be to restore and manage oyster populations for their ecological value, but
in such a way that a sustainable ft'she ry can exist. The restaranon philosophy must not be to manage oysters j ust
to support. a fishery. Ch sters should be managed an a regional basis with regional quotas established for a
fishina season imsed on stock assessmems,

Essential Components of Any Restoration Effort

Permanent Reef Sanctuaries

There are reaHy two parts to this camponent � reefs and permanent sanctuaries. It is clear from historical
documents that threedimensionaI oyster reefs were a dominant feature of the Chesapeake Bay when colonists
arrived in the New World. Oyster reefs provide aggregations of oysters that maximize reproductive success and
the resulting structure enhances recruinnent and growth of young oysters and provides protection from preda-
tors. In Chesapeake Bay, oyster densities are currendy so law at most historical reef sites that reproductive
success is likely Iow. Further, the lack of reef structures results in subwptirnaI habitat for oyster gmwth and
survival. Three-dimensional reefs are critical for reproductive success, predator protection and, of course, for
the habitat they provide for other estuarine fauna.

Permanent sanctuaries are critical for a number of reasons. Pertnanent sanctuaries will allow for the devel-
opment and protection of Large oysters. It is weH documented that fecundity in oysters increases exponentiaHy
with length. Thus, a smaH number of very Large oysters can produce many more eggs than a large number of
small oysters. In addition. large oysters in disease-endemic areas have a demonstrated ability to survive dis-
eases. a characteristic that is, at least in part, inherited by their offspring. Natural disease resistance has not
developed in Chesapeake Bav for two reasons, First. there has been historicaHy a large unselected gene pool in
ow salinity that diluted any selected gene pool. Second, the fishy harvested aH the large oysters that were
surviving in disease~demic areas and that may have been disease resistant. We catmot guarantee that disease
rest'stant oysters will become widespread in the Bay with the protection of large oysters, but certainly disease
resistance will never became widespread without the protection of large oysters.



Reel'sanctuaries are also critical for habitat and ecological value. The reef structure provides itnportant
habitat for myriad organisms that contribute to the overall health ui thc Hay and provide food for recreationally
and commercially important lish and sh«IIGsh species. In short, reef sanctuaries contribute to ecosystem resto-
~ion. Large oysters may be important for the structural imcgrity oI' a rect' and it has been documented that a
.age of ovster sizes. includin ~ large individuals. is important Ior the ecological role of reefs  e.g. nesting sites
for small fishes!. Reel's must be considered "ecological sanctuaries." Harvesting must not be allowed on rcet
sanctuaries or the community of organisms important for reef structure and lunction will never fully develop,

Thus, the combination of restored threeMirnensional reefs and permanent sanctuaries is critical to the
success of oyster restoration. Restored reefs where harvesting is al!owed will be unsuccessful as vill sanctuar-
ies alone. lt is the combination of the two concepts that is Important,

Areas around reef sanctuaries can be tnanaged for harvest. Shells planted around reefs to catch spat can bc
harvested eventually in place or the smail ovsters can be moved to other areas for growout and harvest. How-
ever. a lang-term goal should be to create a sustainable regional I isher. and thereby reduce the necessity to
move oysters. Properly placed reef sanctuaries will like! y reduce or eiiminatc the need to move oysters for
harvest because the reefs tviii be a source of larvae that wiii settle on local harvestabie beds.

2. Proper Disease Managetnent
One of the basic tenets of disease tnanagerncnt is that infected organisms should not be moved into areas

where the disease is not present or is prescm at lower levels. Much of the spread ol' Dermo throughout the Bay
resulted from moving infected oysters. Managers argue that because De@no is now present throughout the Bay
it doesn't hurt to move infected seed oysters into low salinity because the disease is already there, However. the
historical distribution of Dermo was restricted to the lower Bay and the mouths ot major tributaries. Prior to the
severe droughts of the late 1980s Derma was not present in most Maryland tributaries and there is reason to
xpect that if rainfall patterns return to normal Dermo will eventually rerum to its historical range. It is well

documented that Detmo is not pathogenic below about 12 ppt, so managers argue that it doesn't make any
difference if Infected seed oysters are moved to salinities below that level. However, if a drought occurs Dermo
will multiply rapidly, kill oysters and spread to other oysters, thereby perpetuating the disease in the area.

At the very least. a policy must be established against moving any infected oysters into salinities lower than
where they set or into areas where disease levels are low. However. there was strong sentiment among most
committee members that infected oysters should not be moved at all.

There are many other issues involved with the successful implementation of a reconstructed oyster reef
sanctuary program. Issues that the committee felt were itnportant are discussed brieQy below.

I. Reef Siting

Reef sanctuaries should be placed in areas that historically supported productive oyster bars if there has been
no subsequent change in hydrography or sedimentation patterns. To be self-sustaining they must be placed on
stable, hard bottom and in areas where natural spatset occurs. If reefs arc to be a source of spat for shell
plantings, and for sustainability ot the reef itself then salinity, flow regime and basin morphology will be impor-
tant considerations, Hydrodynamic models or dritter studies will b ' useful in determining fate of larvae from
mv proposed reel stte.



7.. Reef Design Criteria
A reel'is dc!oned h ere a» a three-dimelu,:onallv&ornniex biouenic structu'e tllat rises substantia! Iv I'mm thc

seailour. Verticality is ritical and reets .".;>uM have sufTicicnt vertical r:li "I that recruitment and growth of t4-
reef vri! I outpace sedimentation. Substantial three-dimensional structure equal to ut least one-hali'the water
depth is recommended. Historically. some ..eefs rrny have broken the surface at Iow ivater and thc goal shou!4
be to reproduce historical reefs to the best of our abiiiry.

The core nf the reef may be composed of any substrate that i~ ill provide stability tn the vertical structure.
There should be a veneer of oyster shell or other suitable substrate for spat settlement. The veneer must have a
thrcc@im'ensionai matris sufficient to allow spat scaiemeni and provide protection for the spat from predators.

Optimal size of reef sanctuaries has not been determined and veil! likely be dictated by funding constraints.
ln Virginia. reels as small as one acre have substantia! Iy increased spat set in the surrounding area. An archi-
pelago of smail reefs may be more effective than a single large reel.

3. Reef Protection

It is critical that reef sanctuaries be protected from poaching. They should be sited such that enforcemcnt of
the sanctuary will be feasible. Community awareness can be important for enforcement so reefs should be sited,
if possible. m areas where community oversight can develop.

4. Sroodstock Supplementatlon on Reefs
lt will probably be important to add adult oysters to some restored reefs to enhance recruitment to the reef

and to the surrounding area. Large natural oysters can be harvested and aggregated on reefs to enhance fertiliza-
tion success. This strategy worked successfu! Iy in Virginia where large, but scattered, oysters from Tangier
Sound were aggregated on a reef in the Great%"icomico Kver. Spatset on and around the reef increased dra-
mauca! Iy the following year. If natural recruitment is low then it may be necessary to add adults to a reef in
high density to 'jumpstart' recruitment.

%here ptmib!c and when available, progeny from gencticaiiy selected oysters could be stocked on reefs.
There are a number of programs underway to select oysters for a variety of traits including growth in low salin-
i:y, fast growth, or disease resistance. These strains will require evaluauon for their effectiveness for use on rect
salle t Uarres.

S. Shellpiants Around Reefs
An i mportant component of the restoration strategy ivi! I be to plant she! I around reef sanctuaries to enhance

spatset. although the need for shell planting wiII likely be site specific. Good quality oyster shell is a limiting
resource for spatset around reefs in all areas, Shal! ow buried and fossr'I sheH are currently available, but more
emphasis needs to be placed on returning harvested shell to the Bay, Afb:r spatfall. the shel! could be left in
place for future harvest or i t could be moved to other areas to develop sanctuaries or f'o r future harvest. Thc
oysters moved to other areas would contribute ecological value until they were harvested. However, as stated
above. a long-tcrm goal is to usc reel sanctuaries to providca sustainable regional source of spat to reduce or
eliminate the need to move seed oysters.

Siting of shel!plants will be important to maximize spatset. Circulation models may help determine current
patterns and where best to plant shell.



Restoration Goal

The lung-temi restoration goal should be to construct and protect a suAicicnt number ot'reef sanctuaries
>ay-wide such that 1! habitat and ecological function will be rcstorcd. 2! war quality will improve and anoxia
will decrease. and 3! a sustainab! e fishery can exist with no addition of public t'unds, in lieu ot spec itic data on
the required sanctuary area necessary to meet this goal. we recoinmcnd that 104,'a of traditional oyster bar acre-
age in formerly high-yie!ding harvest locations be set aside and restored as permanent sanctuaries,, s addi-
tional data beconie avaihble it may be possible to refine this estimate.

The short-term goal wiB be to increase spatset iacrease the number of adult oysters, and increase habitat
and lish utiliaation of that habitat in specific tributaries where reef sanctuaries have been constructed.

Over the next four to eight years the intermediate goal should be io demonstrate effectiveness of reef sanctu-
aries for ecological improvement in one or two selected tributaries in each state. The tributaries will have to be
nionitored to evaluate success, using criteria ! isted above under short-term goals.
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mid-region of Mobile Bay, from 1933
to 1939 and a brief period during the
1950's. Legislation permitting dredging
was established by the first Alabama
Oyster Commission �909-1915!, the
Department of Game and Fisheries, and
the second Alabama Oyster Commission
�935-1939! and was apparently very
unpopular with the majority of fisher-
men as the acts were repealed when the
Commissions were abolished by the
State Legislature, Dredging is now al-
lowed only for taking seed oysters for
replanting under super vision of the De-
partment of Conservation and Natural
Resources and for harvest on private
beds.

Harvest Statistics

Statistics on the Alabama oyster fish-
ery have been collected by federal
agencies since 1880 but are complete
only from 1948  Table 1!. Annual
fluctuation in harvest is common to
the fishery due to both natural and man-
rnade reasons. The average harvest per
decade since 1880 based on available
records has been about 1 million pounds
of meats annually  May, 1971!. During
the early 1880's records indicate that
harvest was on'iy about 300 thousand
pounds of meats annually, most of e hich
was presumably consumed locally al-
though oyster canneries were in opera-
tion in Mississippi at this time. Only
Alabama citizens could engage in the
fishery from 1882 until legislation was
passed in 1901 allowing nonresidents
fishing privileges but only if they sold
to Alabama canneries. Legislation in
1915 repealed this, allowing only citi-
zens fishing rights, In 1919, nonresi-
dents were again given fishing rights
after paying a double license fee.

Legislation regulating out-of-state
shipment of oysters in the shell was
passed 1891. This act allowed out'-of-

state shipment only from the middle of
December to the midd/e of J'anuary,
which coincided with the start of the
oyster canning season in Mississippi. In
1909, legislation prohibited aH out-of-
state sale of raw oysters unless Alabama
canneries paid less than the price paid
in neighboring states. Legislation in
1919 allowed out-of-state shipment only
to states allowing Alabama fishermen ta
take and transport oysters from that
state.

TABLE 1. Alabama

In 1891, legislation set the oyster sea-
son from 1 September to 30 April, the
"r-months" common elsewhere. This
was in effect for many years. The De-
partment of Conservation and Natural
Resources presently sets the season by
regulation.

In 1901, catchers were restricted to
3,500 barrels of oysters per week which
had to be at least 2~/ inches in length.
Legal size was changed to 8 inches and

Year

1880
ISSS
1889
1890
1897
1902
1908
1911
1918
1923
1927
1928
1929
1930
1931
1932
1934
1936
1937
1938
1939
1940
1945
1948
1949

Pounds
of Meats

327,085
238,271

1,372,270
1,505,749

798,316
1,087,550
1,877,680
1,162,592

376,360
729,559
520,804

1,886,104
I'78,823
286,794
7B8,721
859,217
391,800
991,800

1,235,200
1,358,700
1,357,700

936,000
1,605,700
1,531,200
1,585',800

Oyster Lsndi~ns.
Pounds

Vsar of Meats

1950 2,070,300
1951 2,191,400
1952 1,842,000
1953 1,449,700
1954 739,300
1955 1,580,600
1958 769,900
1957 1,291,200
1958 457,600
1959 894,800
1960 1,169,300
1961 508,500
1962 442,700
1963 995,400
1964 1,005,300
1965 492,400
1966 1,304,500
1967 2,087,900
1968 1,211,800
1969 480,700
1970 279,000
1971 250,000
1972 1,069,515
1973 590,118
1974 732,776



60

the quantity restriction was repea'led in
1909. The legal size was changed back
to 2>/s inches in 1916 and in 1937 the
present law establishing 3 inches as
legat size was passed. It was amended
in 1963 allowing the Department to
reduce the legal size to 2'fs inches by
regulation.

Leases and Riparian Rights

The act giving owners of waterfront
property the right to plant and harvest
oysters from waterbottoms adjacent to
their property was passed in 't 872. These
riparian rights extended 600 yards from
shore, or halfway between points less
than 1200 yards apart �879 araend-
ment!. Unculled oysters could be taken
from the public reefs only during cer-
tain months of the year and planted
oysters could not be harvested for vary-
ing lengths of time up to 2 years de-
pending upon various legislative acts.
Private planting on riparian bottoms
was extensive during the late ]890's
especially in Bon Secour Bay and along
the northern shores of Mississippi
Sound  Ritter, 1896!. Nelson �914!
lists 60,000 barrels of seed oysters as
being transported from Scranton, Missi-
ssippi and planted on riparian bottoms
in Grand Bay about 1897 and numerous
other plantings from Alabama reefs in
the early 1900's.

The first Alabama Oyster Commis-
sion established a leasing system where-
by citizens would lease state-owned bot-
toms for oyster cultivation. It also
authorized dredging for seed oysters on
certain reefs in Mobile Bay, The Ala-
bama Oyster Commission �914! re-
ported that 4,000 acres of bottoms had
been leased by 1914. Revenue from
leases between 18 April 1911 and Sl
December 1914 totaled $5,067.97. Legis-
lation in 1923 prohibited leasing of
state bottoms and gave lessees 6 years

to remove oysters from leased areas.
l.easing was again authorized in 1937.
About 70 acres were leased annually
from 1948 to 1959, about 1,700 acres
from 1960 to 1968 and 924 ceres were
leased in 1969  Nay, 1971!. Manage-
ment of these leases became of little sig-
nificance after about 1950 due to the
lack of seed oysters, reef closures by
the Alabama Health Department and
restrictions on harvest.

OIIsfer Cannerie

The first oyster cannery was built
about 1890. According to the report of
the first Alabama Oyster Commission
�914! this cannery was soon forced
out of business when Mississippi can-
neries greatly increased their price paid
for oysters. The Bayou I a Batre Pack-
ing Company, Torch Packing Company
and Kidwell Packing Company were
likewise forced out of business by the
Mississippi canneries prior to 1909.
Boyle Canning Company was built ea.
1902 at Alabama Port. A long wharf
extended out into Mobile Bay and
oysters were loaded into sail propelled
carts that carried the oysters to the
factory on the mainland. The factory
wae destroyed by the 1906 hurricane
although the we11 pipe of the artesian
weH is stili found off Alabama Port.
%hen the Alabama Oyster Commission
was established by the legislature in
1909 only the Alabama Canning Com-
pany at Coden was in operation, Dur-
ing 1910, this cannery packed 66,261
barrels of oysters while 20,291 bar~cia
of raw oysters were consumed locally
and 2,618 barrels were sold to out-of-
state canneries. One cannery was lo-
cated on Dauphin Island but moved to
Mobile ca. 1919.

From the 1920's through the 1960's
several canning companies operated in
Alabama. Dunbar and Ducate Packing



Company, Grahams Seafood Company,
Hidenheim Company, hIcPhillips Pack-
ing Company, Marco Skremetti, Coffee
Island, and others operated at Bayou La
Batre or Coden. In 3926, there were
five companies in Bayou La Batre pack-
ing shrimp and oysters  Ann. Rep. 1922-
1926! but by 1988 only two were in
operation in Alabama  U. S, Dep. In-
terior, 1941!. According to Fisheries
Statistics of the U. S., there were three
canneries in operation in the 1950's and
two in 1960. One operated through
1967 with the exception of 1965 and
1966. Some companies canned vege-
tables as well as seafood.. A typical
operation mould can oysters from Jan-
uary until May, vegetables  beans and
potatoes! during the late spring and
summer and shrimp from August
through late fall or early winter de-
pending upon their availability. Crab
meat was canned also by some canner-
ies.

In 1928, a survey made of raw oyster
consumption in Birmingham, Mont-
gomery and Mobile stated that 100'~,
977~ and 90'j~ of the raw oysters con-
sumed in the respective cities came from
out of state  Dep. Game and Fisheries,
1980!, The canneries were apparently
consuming the bulk of the Alabama
harvest. The decline of the canneries
from their peak years of the 1920's was
largely due to loss of productive oyster
bottoms in Portersviile Bay. Periodic
closure of the reefs by the Alabama De-
partment of Health since 1952 and re-
strictions on harvesting oysters from
leased and riparian beds also contri-
buted to their demise.

HISTORY OF MANAGEMENT

Responsibility for management of
Alabama's oyster fishery and enforce-
ment of laws and regulations has been
under various agencies. since the 1800's

when the first legislation concerning
oysters was enacted by the State Legis-
lature. The agencies and periods nf
responsibilities follow'.

18??-1891 County Law Fnforcement
Agents

1893 -1909 Oyster Inspector appoint-
ed by' Governor

1909-1915 First Alabama Oyster
Commission

1915-1919 Secretary of S t a t e
through the Chief in-
spector

1919-1928 Department of Conserva-
tion through the Chief
Oyster Inspector

1923-1935 Department of Game and
Fisheries through the
Chief Oyster Inspector

1985-1939 Department of Conserva-
tion of Game, Fish and
Seafoods through the
Second Alabama Oyster
Commission

1989-1951 Department of Conserva-
tion through the Division
of Game, Fish and Sea-
foods

1951-1971 Department of Conserva-
tion through the Sea-
foods Division

]971- Department of Conserva-
tion and Natural Re-
sources through the Ma-
rine Resources Division

The Department of Game and Fish
was established by the State Legislature
on 27 February 1907 but did not assume
responsibility over the oyster fishery
and other seafoods until 1919 when the
name of the department was changed.

State management during the 1800's
consisted solely of laws passed by the
legislature. There was no state agency
in any way concerned with oyster
management, and enforcement of the
few 1aws concermng oysters was by the



county sheriff. The earliest law at
hand concerning oysters, dated 1852,
made it unlawful to take oysters from
any waters of the state by any methods
other than hand tongs and authorized
the. sheriff of any county "bordering the
waters of this state" to confiscate boats
and equipment of persons violating this
law. Legislation in 1872, amended in
1879, g> anted riparian owners the right
to plant and harvest oysters for a maxi-
mum distance of 600 yards offshore as
long as it did not inter fere with naviga-
tion. In 1882, the State I egislature
passed a law r egulating buying and seli-
ing oysters in the shell in measurements
other than described by law. This one-
third barrel was described as being 16
inches across the bottom, 18 inches
across the top and 9j;s inches high. In
1887, a culling law divas passed by the
State Legislature All oysters "that
are too small or unfit for market" were
required to be returned to the reef from
which they were taken.

The first oyster management legisla-
tion was passed in February 1891. An
Oyster Inspector and Deputy Inspector
appointed by the Governor for a two-
year term were authorized to enforce
a new culling law �>jg inches!, seasons
for taking oysters from public and pri-
vate reefs  September - Nay! and re-
strictions on out.of-state shipment of
oysters in the sheH  restricted to the
middle of December 4> the middle of
January!. Oystering on private beds
was excluded from the season restriction
only if oysters were taken for the own-
ers use. Sheriffs, constables and other
police officers were also authorized en-
forcement agents under this legislation.
The Oyster Inspector and Probate Judge
of Mobile County were authorized to col-
lect oyster boat licenses based on $0,10
per barrel capacity and a tax of $0.10
per barrel of oysters taken from both

public and private beds. All receipts
were deposited with the State Treasur-
er. Only citizens of Alabama were al-
lowed fishing privileges. The Oyster
Inspector was required to live either on
Dauphin Island or at, Cedar Point and
the Deputy Inspector was required to
live in Mobile, unless filling the duties
of the inspector. The two officials u ere
actually under the control of the Mobile
County Grand Jury which was given
authority by the Governor for their dis-
missal.

Legislation in 1892 and amended in
1894 provided that the Oyster Inspector
live in Mobile and that one deputy live
in Mobile County and an additional
deputy live in Baldwin County. The
inspectors enforced the culling laws,
coHected taxes and patroHed the reefs
during the closed season. In 1902, a
law was passed limiting weekly catch
to 8,500 barrels.

Although the Department of Game
and Fish was established by the legis-
lature in 1907, the oyster fishery was
still controlled by the Oyster Inspector.

The first oyster and shell planting
in A.labama by other than private in-
dividuals was done by the first, Ala-
bama Oyster Comnussion about 1910.
This commission was established by the
State Legislature in August 1909 and
was the first attempt at management of
the public reefs. The commission re-
ceived no appropriations from the state
and expenses prior to collection of an-
nual oyster taxes, licenses, lease iees and
other revenue were advanced by mem-
bers of the commission. Between 1909
and February 1915, when the commis-
sion was abolished by the State Legis-
lature, the commission planted 35,000
barrels of shell at a cost of $1,559.56
and transported an unreported number
of seed oysters at a cost of $1,147.50
to an experimental plot in Portersville



Bay to demonstrate oyster management.
When the fedelal government dredged
Pass aux Herons channel, co. 1912, the
commission persuaded the government
to change the course of the channel and
to deposit the spoil some distance away
to minimize damage to Cedar Point
Reef. The present, !/s-barrel measure
wae established in 1909. In 1910, the
commission obtained the services of Dr.
H. F, Moore �913!, TI. S. Bureau of
Fishel ies to survey the oyster reefs and
the potential oyster bottoms and to make
recommendations on oyster manage-
ment, The shell and seed oysters plant-
ed by' the commission were not success-
ful and the commission obtained the
services of T. C. Yelson in 1914 to de-
terznine the cause of mortality on plant-
ed areas in Portersvilie Bay. Nelson
�914! found that many of the planted
areas were on soft mud or on unstable
bottoms. The Alabama Oyster Cornmis-
sion was attempting a scientific ap-
proach to oyster management but was
abolished by the State Legislature in
February 1916 before it became truly
effective. The Secretary of State as-
sumed control of the oyster fishery
from 1915 to 1919.

In 1919, the Department of Game and
Fish was changed to the Depa!%ment
of Conservation and assumed jurisdic-
tion over the oyster fishery and other
saltwater species, This legislative act
also established the Game and Fish Pro-
tection Fund and the Oyster Fund. A
one dollar oyster license was estab-
lished. The Oyster Fund consisting of
licenses and taxes on both oysters and
shrimp paid the salaries and expenses
of the Chief Oystel Inspector and two
Assistant Inspectors. Receipts of the
Oyster Fund during FY 1920 totaled
$5,662.00 of which $2,880.42 was spent
on salaries and expenses. The Chief
Oyster Inspector was under the direct

supervision of the Commissioner of the
Department of Conse!'v;ltion. Ay»tel'
management consisted solely of ]alv en-
forcement.

In 1923, the Department of Conserva-
tion was renamed the Departnlcut of
Ga!ne and Fishelies. During 1925, the
Department planted 85,000 barrel: of
seed oysters on public reef» which iv,is
the first planting» on public reefs since
the planting by the fi! st Alabama oys-
ter Commission in 1910. During 1926,
10,000 barlels of seed oysters werc
planted. During 1923, legislation iva»
passed allowing dredging of oysters bv
the Depa!%ment north of a line frou!
Alabama Port in Mobile County east-
ward to Mullet Point in Baldwin Coun-
ty. This provided;i more readily avail-
able supply of seed oysteis to the state.
The legislation was very unpopula!
among most fishe!'men. During the pe-
riod 1923-l926 receipts of the Oystel
Fund varied annually f! om N,65!l..>1
�924! to $9,466,26 t1925!,:!bout two-
thirde of which was spent on salaries
and expenses of thc Chief Oyster ln-
spectol' a!id thi'ee ass! stants. Du!'i ng
1988 and 1981, federal funds under
Civil !Vorks Administration;ind Fed-
eral Emergency Relief Administration
programs wei e used to plant 11,000
barrels of seed oysters and shells .in
Isle of Danles, Portersville and D'iu-
phin 'island bays. Approxilnately 350
acres were planted with 26,70,» harrel»
of seed oysters obtaine l from Afis»I»-
sippi Sound, Bayou La Bat! e an�
Bayou Coden  I>ep. Garne and Fish-
eries, I9341. I.egislation in I!!:I:1 al-
lo!red dl'edging on Cedar Point Reef,
King's Bayou Reef, Buoy Reef, White
House Reef and Fowl River Reef and
gave 1 !pal'lan owners bro ldei' pi lvi-
legcs in developing pi ivatc beds,

In August 1M5, the Department of
Game and Fishclies was reorg;ini:ed.



The Svhft Act created the Department
of Conservation of Garne, Fish and Sea-
foods; created a State Conservation
Board advising the Commissioner; and
made the office of Commissioner an
appointee by the Governor rather than
aa elected official as it had been since
1907. The NcPhaul Act  July 19'35!
created the second Alabama Oyster
Commission. The Alabama Oyster
Commission obtained a federal grant
of $92,965 and $17,635 state funds and
equipment for oyster reef rehabilita-
tion. The members of the commission
were N. J. Gonzales of Mobile, A. B.
McPhaul of Seminole, C. H. VFakefield
of Boa Secour, and A. I,. Staples of
Mobile, Nr. I. T. Quinn the Conserva-
tion Commissioner was Chairman of
the Oyster Commission, The state,
through the Oyster Commission was
empowered to buy and sell property,
conduct economic surveys of the sea.
food industry, lease oyster bottoms,
plant and remove seed oysters and
shells and purchase seed oysters and
shell for planting The Chief Enforce-
ment Of ficer and assistants enforced
the regulations of the Oyster Commis-
sion, The annual report of 1&M was
the first to mention a '*Seafoods Di-
vision", which consisted of the Chief
Enforcement Officer, the Chief Oyster
Inspector and two Assistant Inspectors.
The 1938 annual report listed the fol-
lowing divisions of the Department of
Conservation of Garne, Fish and Sea-
foods: Division of Fish Culture, Di-
vision of I.aw Enforcement, Division
of Research and Statistics, Division of
Game Propagation, Division of Game
Management, and Division of Seafoods.
The Division af Seafoods consisted of
the Chief Enforcement Officer and
four assistants which enforced regula-
tioas of the Alabama Oyster Commis-
sion. Oyster planting was done by the

federal PVorks Progress Administration
 %PA! and by the Alabama Oyster
Commission. Total receipts of the
Oyster Fund during FY 1937 was
$11,262.02.

ln March 1939, the Department of
Conservation of Game, Fish and Sea-
foods was reorganized into the Depart-
ment of Conservation which consisted
of the Game, Fish and Seafoods Di-
vision; Forestry Division; Parks, Moau-
ments and Historical Sites Division;
and Statistical Division. The legisla-
tion abolished the Alabama Oyster
Commission, Forestry Commission, Ala-
bama Conservation Board, Office of
State Forester, and the Alabama Monu-
ment Commission. It established the
present Conservation Advisory Board
and changed the title of department
head to Director, replacing Comrnis-
sioner used since ]907. The seafoods
branch of the Division of Game, Fish
and Seafoods consists of Chief Enforce-
ment Officer and five assistants who
were resporlible for enforcement of
seafood laws and collecting license and
taxes on seafoods, No shell planting
was done by the Division; during its
first year of existance. Revenue from
the oyster fishery during FY 1938 was
$140.25 from oyster leases and $455.31
from oyster taxes. Seafoods ranked
such low importance that it was
omitted in two instances from the Di-
vision af Game, Fish and Seafoads in
the Department of Conservation an-
nual report of FY 19~~9; being referred
to on page 64 of the report as "The
seafoods unit of the Garne and Fish Di-
vision" and on page 7 being omitted
comp/etely from the Division title.
Through the effort of bVPA, Alabama
oyster canneries and local oyster fish-
er'men a total of 60,000 barrels of shell
were planted on public reefs, The re-
ceipts from seafood industry totaled



$12,588.34 during FY 1940 or slightly
more than twice that received during
FY 1910. Little oyster management
was done by the Division of Game,
Fish and Seafoods until FY 1948 when
general f und appropriations allowed
planting of 92,426 barrels of shell on
the public reefs. The Division of Game,
Fish and Seafoods had separate ac-
counts for receipts from seafoods and
receipts from fishing and hunting un-
til FY 1945 and receipts from seafoods
was always insufficient for enforce-
ment and much needed management
and research.

Legislation in FY 1944 allowed oys-
ters of any size to be dredged from
private oyster reefs for the first time.
The Mobile Bay Seafood Union di-
rected seed oyster planting of 6,000
barrels in FY 1944. The union was
composed of members of the crew of
the vessel that dredged seed oysters
from Buoy Reef for the state and was
apparently the first unofficial advisory
committee. During I<'Y 1945 the Di-
vision of Game, Fish and Seafoods had
a budget carry-over to FY 1946 of more
than $216 thousand. Kven with this
surplus no shell was reported planted
in the annual report of that year,

The FY 1946 annual report separated
the Division of Garne and Fish and the
Division of Seafooda into staff divi-
sions although the two divisions were
not separated by legislature until 1951.
The Division of Garne, Fish and Sea-
foods contracted with McPhillips Pack-
ing Company of Bayou La Batre for
planting 40,000 barrels of seed oysters
in Mobile Bay and Bon Secour Bay,
Land was purchased in Bayou La Batre
for construction of a seafood office,
dock, boathouse and warehouse. Ar-
rangements were made with the Uni-
versity of Alabama to provide biologi-
cal services in matters dealing with sea-

foods. Attempts wer'e made tn obtain
reciprocal fishing agreements with
Mississippi and Louisiana similar to
the one obtained with Florida in 1940.
The revenue from the new shell dredg-
ing contract  $5,448.26! was used for

. seafoods management,

During FY 3947 biological studies of
the oyster reefs were made by the Geo-
logical Survey of Alabama and the Ala-
barns Museum of Natural History at
the request of the Department of Con-
servation. The "Seafoads Divi~ion"
became self-sustaining for the first
time in history with revenues of $135
thousand composed of $47 thousand
from shell dredging, $45 thousand from
a legislative appropriatinn and the re-
maining $48 thousand from seafood
revenue. The State Ecologist with
the Alabama Museum of Natural llis-
tory made recommendations for man-
agement of seafoods and the enforce-
rnent personnel were increased to
eleven. Air patrols were made to check
shrimp and oyster fishermen for vio-
lations. The activities of the "Sea-
foods Division" covered eight pages
in the annual report of FY 1947, or
more than the total coverage for the
past decade or more. Recommenda-
tions fo< more research, hiring a full
time marine biologist, construction of
a seafoods laboratory and installation
of laboratory equipment and a larger
patrol force were made by the Chief
Oyster Inspector. Legislation vvas
passed in 1047 authorizing formation
of the Gulf States Marine Fisheries
Commission. The organization meet-
irrg was held in Mobile on 16 July 1949
and Governor Folsom of Alabama was
the first to sign the compact and Nr
Bert Thomas, Director, Alabama De-
partment of Conservation, became the
first Chairman.

In January 1950, the Marine Labora-



tory at Heron Bay Cutoff was officially
opened. The laboratory provided of fice
and laboratory space for Senior Bio-
logist F, X. Leuth and some enforce-
ment personnel. Studies of oyster spat
set, oyster growth and survival were
initiated on planted areas and hydro-
logical data were collected to improve
management techniques. The receipts
of the Game, Fish a6d Seafaads Fund
during FY 1949 was slightly over $900
thousand.

On 1 October 1961, upon recommen-
dation of the Director of Conservation,
legislation was signed separating the
Division of Seafoods from the Division

of Game, Fish and Seafoods. The
Game, Fish and Seafaods Fund was
separated with seafood revenues and
revenue fram dredging buried reef
shells gaing to the new Seafoods Di-
vision. Receipts from 1 October 1951
to 80 September 1968 totaled $266
thousand. The Division moved to a

new office building in Bayou I a Batre
on 15 May 1952. Enforcement con-
sisted of six officers, three boats, and
one amphibian airplane. Shell and
seed oysters were planted by the Di-
vision and by packers and dealers
which were required to return M'fo
of the shells back to the reefs under

the supervision of the Seafoods Di-
vision. The Division dredged a 9-foot
channel into Bon Secour to aid the sea-

foad industry of that area.

During the early 1960's, injunctions
were placed against the Division pro-
hibiting the opening of public reefs for
seed oysters. One such decision went
as far as the Alabama Supreme Court
where it was reversed in 1955. After
this ruling seed oysters were made
available from reefs located in water

tao deep for tonging. During the early
1960's the biological staff consisted of
one division biologist and consultant

biologists from Texas A 4 M, Missis-
sippi and the federal laboratory at Gulf
Breeze, Florida. The Department of
Conservation Annual Report for FY
1959 stated that "The Seafaods Division

was completely re-organized during the
past year. A new division director wss'
appointed, together with new enforce-
ment men". Biological work was naw
contracted to the Biology Department,
University of Alabama, and Dr. Gordon
Gunter of Mississippi. The Division
had apparently become ineffective dur-
ing the late 1950's as the report stated
that "there was very little activity in
the form of constructive development,
enforcement, research or administra-
tion". The oyster shell dredge was shut
down during 1959 causing financial dis-
tress within the Division which re-

ceived as much as 89 jo of its revenue
from this single source. After the re-
organization the Division renewed shell
and seed oyster planting efforts,

Financing through the Mobile Area
Public Higher Education Foundation,
Inc. permitted construction of the
present Alabama Marine Resources
Laboratory on Dauphin Island which
was completed in 1968. The facility
originany provided office space for the
Division Chief and enforcement per-
sonnel of the Seafoods Division and of-
fice and laboratary space for biological
and teaching etaff of the University of
Alabama which did research under con-
tract for the Seafaods Division. The

Division af Seafaads began to obtain
its own biological staff in 1.98G, hiring
a laboratory director and a biologist to
work on oyster management. The con-
tract with the University of Alabama
was terminated in 1967 and university
personnel moved into facilities at Point
aux Pins. AVhen the 1971 State Legis-
lature changed the name of Department
af Conservation to Department of Con-



servation and, Natural Resources and
the Seafoods Division to Marine Re-
sources Division, the Division staff con-
sisted of Division Director, Chief Biolo-
gist, 5 biologists, 14 enforcement offi-
cers, 8 biologist aides, 4 laborers and
5 clerk typists. Offices were main-
tained at Dauphin Island, Bayou La
Batre and Gulf Shores. From 1967
oyster management has consisted of
intensified oyster research and shell
planting, Approximately 40fo of the
1,899,351 barrels of shell planted be-
tween 1910 and 1975  Table 2! were
TABLE 2. Barrels~ of oyster sheUs and
seed oysters planted on public reefs in Ala-
bama since 1910.

Oyster Seed, Oyster Seed
Year Shells Oysters Year Shells Oysters

TOTAL � Oyster Shells � 1,899,351
TOTAL � Seed Oysters � 715,120
t An Alabama barrel �. 4.9 ft,s or 3.9 U, S.

Standard bushels
s Figure for seed oysters combined with

that for oyster shells this year
s Combined figure for oyster shells and

clam shells

planted frotn 1967 to 1975. Revenue
is presently obtained from the seafood
industry, oyster shell dredging  since

1910-
1914 35,000
1925 � 0�
1926
1828
1929 � 0�
1932 33,382
1936 189,554
1837 20,045
1940 60,000
1942 25,000
1944 92,428
1945
1946 12,743
1847 15,000
1948 25,000
1949 63,215
1950 � 0�
1951 40,000
1952 17,749
1953 2,431
1954 � 0�

35,000
10,000
30,000
10,000

� 0�
� 0�
6,000

19,040
18,950
40,000
33,409
40,713

54,000
� 0�
7,500

'1955 97,707
1958
1957 � 0�
1958
1959 � 0�
1960 23,534
1981 70,000
1962 115,000
1963 60,000
1964 65,000
1965 60,000
1986 50,000
1967 11,400
1968 48,470
1989 105,325
1970 51,29tP
1971 81,982
1972 117,346s
1973 3 157s
1974 167,330s
1975 162,259

40,000
50,000
59,880

15�090

39,839
30,000
38,000
65,698
60,000
8,880

� 0�

5,451

1946!, marine gas tax �962!, Com-
mercial Fisheries Research and De-
velopment Act, P.I . 88-309 �966!,
Anadromous Fish Act P.L. 89-304
�967! and, rarely, appropriations from
the State General Fund. Revenue has
not increased significantly since the
mid 1960's and the greatest source of
revenue  shell dredging! is a nonre-
newable resource which will eventually
become depleted.

HISTORY OF RESEARCH

The prehistoric Indian cultures were
aware of the locations of Alabama oys-
ter reefs more than 3,500 years ago
as evidenced by the numerous shell
midden s in coastal Alabama. The
Spanish expedition of 1519 led by Pi-
neda possibly explored the Alabama
coastal area and tecorded the position
of some oytster reefs. Thc first U.S.
Coast Survey map of coastal Alabama
published in 1851 showed locations of
certain reefs although the first specific
effort to map the oystet reef was done
by Boudouquie in 1883  May, 1971!,

In 1894, Homer P. Ritter �896!,
Assistant, U, S. Coast and Geodetic
Survey, made a survey of the oyster
reefe from Cedar Point eastward to
Bon Secour Bay and northward
throughout Mobile Bay, Besides map-
ping the oyster reefs he described the
general areas and recorded water tem-
peratures, densities, depths, bottom
types and the quality of oysters. Hav-
ing begun the survey on February 10
during a period of freshets, he returned
in December to take additional water
densitiee under low flow conditions,
Ritter obtained the approximate loca-
tions of reefs ftom oystermen but used
triangulation points established by the
Coast Survey records during mapping,
The extent of the reefs were deter-
mined by dragging a chain over the



reefs. He found the northern limits of
oyster growth in Mobile Bay to be
along a east-west line from Great Point
Clear to East Fowl River. The oyster
reefs along the eastern shore were few
in number and Ritter conceded that
depletion of these reefs was probably
due to excessive fishing. He mapped
3,105 acres of oyster bottoms in Mo-
bile Bay, Ron Secour Bay and extreme
eastern portion of Mississippi Sound.
He did not map the reefs in Mississippi
Sound but stated "oysters were growing
in all parts" of the northern portion
of the sound west to the Mississippi
line.

During 1910-1911, Dr, H. F. Moore
�913! of the U. S. Bureau of Fisheries
examined the oyster bottoms of Mobile
Bay and Mississippi Sound. His study
was done at the request of the newly
appointed Alabama Oyster Commission
created by the Alabama Legislature on
August 27, 1909. Moore used chains
dragged behind a boat, to locate the
reefs. A launch tonged oysters for
counting and measurement. Grabs were
alsr taken to determine the density of
oysters. The survey covered 93,000
acres including 4,000 acres of oyster
beds. A general summary of all the
beds were made in terms of relative
productivity. More than 24,000 acres
surveyed were considered suitable for
oyster culture and Moore recommended
removal of small oysters from crowded
bottoms to other suitable areas.

In t'uly 1914, Thurlow C. Nelson
�914! of the University of wisconsin
came to Alabama at the request of Mr.
Joullian, Secretary of the Alabama Oys-
ter Commission, to study mortality of
planted. seed oysters in Alabama wa-
ters, principally those in Portersville
Bay. He examined both private leases
and public reefs recording dates and
amounts planted, condition of oysters

and other data. IIe conc'luded that in
every area where oysters died the bot-
tom was either too soft or that the
bottom was unstable or shifting in na-
ture and that oysters planted on suit-
able bottoms were not affected by the
mortality observed during February
and March 1914. He completely dis-
missed the oyster drill as playing any
part in the mortality.

In May 1929, Dr. Paul Galtsoff
�9M! of the U. S. Bureau of Fisheries
made a study of the oyster reefs of
Alabama following the 1929 flood, He
used oyster dredges to sample the reefs
to determine mortality. His study
showed that between 557n and 100/o
of the oysters on the reefs in Mobile
Bay and Mississippi Sound were de-
stroyed by the flood. He concluded
that all commercially important oyster
bottoms in Mobile Bay were destroyed
and that the reefs could be rehabilitated
only by establishing "spawning beds",
planting shell near the spawning beds
and planting seed oysters. He recom-
mended that, state law prohibit leasing
of public oyster bottoms and that de-
velopment of public reefs should be a
state responsibility.

During November and December
1948, James B. Engle �945! of the
U. S. Fish and Wildlife Service made
a survey of the oyster bottoms of Ala-
bama to determine the conditions of
the reefs to improve rehabilitation of
depleted reefs and improve cultivation
methods. This survey followed an
examination of' the reefs by the De-
partment of Conservation in 1941-1942
which revealed heavy mortality. Kngle
recommended planting shell and seed
oysters and enforcement of the culling
law. During December 1947 I'ngh
�948! made another survey following
the hurricane of 1947. He found dam-
age restricted mostly to the northern



area of Mississippi Sound where oys-
ters had been covered by soft mud to
depths up to 1 foot. Most of the pro-
ducing bottoms in Mobile Hay were un-
affected, He recommended that bot-
toms in much of the Mississippi Sound
area were too soft to suppor t oysters or
shell and that plantings should be done
only on suitable bottoms. He also ob-
served that considerable damage to
oysters was caused by oyster drills
along the northern shores of Missis-
sippi Sound. Ritter �896! had com-
mented upon the freshness of the wa-
ters of the northern portion of the
Sound. In an addendum to Ritter's
paper, a note by Mr. John J. Delchamps
stated that '*whelks" have become a
problem and that "This is the first year
�894?! that I have heard complaints
of their destructiveness". Increased
salinity and oyster drill activity appar-
ently became prevalent between the
early 1900's and the 1940's presumably
due to migration and widening of the
pass between Dauphin and Petit Bois
islands,

Bell {1952! surveyed the oyster r'eefs
during the summer of 1961 in fulfilling
reiluirements of a M.S. thesis for Texas
A 4 M University. He surveyed 5,912
acres of public oyster beds of which
8,284 acres were considered to coritain
a fishable density. The oyster beds
were found generally to be in good con-
dition with good spat set. He encour-
aged increasing the area under private
lease.

May �971! surveyed both the pub-
lic oyster reefs and the buried shell de-
posits during 1968 and 1959. He sur-
veyed 3,064 acres of natural oyster bot-
toms. He stated that there were 924
acres of leased bottoms and $,050 acres
of riparian bottoms which ocassionally
produced oysters. He did extensive
sampling on the reefs using scuba to de-

termine the density of oysters, spat,
boxes, mud crabs and oyster driBs and
presented data on the commercial fish-
ery and factors affecting oyster pro-
duction. Oyster density was considera-
bly lower in 1969 than during earlier
surveys and he concluded that there
were about 60 thousand acres of bot-
toms in Alabama which are firm enough
to support oysters. The buried shell
deposits totaled more than 98 million
cubic yards of which approximately 46
rni11ion were recoverable. He con-
tributed significantly to the knowledge
of the Alabama oyster fishery in papers
dealing with summer oyster mortalities
 May, 1968!, oyster culture {May,
1969!, oyster survival {Nay and Bland,
1970!, surveying oyster deposits {May
and McLain, '1970!, effect of fioodwat-
ers  May, 1972a!, oyster fishery {May,
1972b!, diseases {Beckert, Bland and
May, 1972!, dredging  May, 197'Ba!,
oxygen depletion  Nay, 1978b! and
mud crab abundance on oyster reefs
 May, 1974!.

Other research concerning oysters in
Alabama include Casper et al. �969!,
Engle {1986!, Gallagher et al. �969!,
Hoese, Nelson and Beckert, �972!, and
MeClellan {1966!.

PROBMMS lN OYSTER
MANACEMENT

Biological and socioeconomic prob-
lems have plagued the oyster fishery
during historical times. Spring floods;
pollution, law dissolved oxygen, oyster
predators and diseases together with in-
sufficient funding, indifferent fisher-
men and administration, and bi-county
bickering have all had effects on the
fishery.

A total of 78,584 acres of Alabama
waters are permanently closed to shell-
fish harvest {May, 1971! and almost all
of the remainder is temporarily closed



due to bacterial contamination during
winter and spring flood periods. While
there are only two ema!l reefs within
the permanently closed areas, the tem-
porary c!osures of the major reefs
caused an estimated !oss to the fisher-
men of $2,000 per day or an estimated
total of $282 thousand during 1968 and
1969  May, 1971!. Closures last from
a few weeks to 4 months or longer de-
pending upon the magnitude of the win-
te» and spring flooding. %inter floods
have also caused extensive oyster mor-
talities in Alabama. During the 1929
flood, mortalities ranged f»om 100 je
in upper Mobile Bay and from 54$
to 849' in the lower bay  Galtsoff,
1930!. Other extensive morta!it!ca
were recorded in 1912, 1953, l961 and
in 1973 when 427' of all oysters in the
state were ki!!ed  Hughes and May,
1975!.

Within limits decreased salinity is
beneficial in that the oyster dri	, Thais
hserlosfo~ea, is salinophilic. In the
spring and summer of 1967, 80 to 95~/n
of the oysters less than 2 inches were
killed on some Alabama reefs by drills
 May, 1971!, Spat set in Alabama is
highes~ in the saline waters of Mis-
sissippi Sound but survival is negli-
gible due to oyster dr!!!s  Hoese, Nel-
son and Beckert, 1972!. The number
of drills on some Alabama reefs out-
number oysters and spat combined
 May, 1971!. Mud cr abs are also
predators on small oysters and spat
and may transmit oyster diseases. May
�974! found that the number of mud
crabs ranged. from none per acre on
some of the more northern reefs to
62,000 per acre in the lower bay. Low
sa!inities also inhibit development of
L,abyrint'koveyxa tsarina, a parasitic
fungus affecting oysters  Ray, 1954!.

The effects of sma11 amounts of pes-
ticides upon oysters is not fu!!y under-

stood, LeveB of certain pesticides- as
low as 10 parts per billion  ppb! may
inhibit growth of oysters  But!er,
1969! and oysters can concentrate pes-
ticides within the tissues to !evels much
higher than found in surrounding wa-
ters  Butler, 1966}, The!eve!s of DDT
residues in mollusks, however, has de-
c!ined mar kedly in most estuaries  But-
ler, 1978! and residues in Alabama oys-
ters are far below levels considered
harmful from. a pub!ic health stand-
point  Casper et al., 1969!.

Low dissolved oxygen in certain areas
of Mobile Bay has caused oyster mor-
talities as high as 100/o and is re-
sponsible for poor spat set  May,
1973b!. During 1967, approximately
1,000 acres of oysters valued at $500
thousand were lost due to low dissolved
oxygen and during 1971 more than 2.6
mil!ion oysters were lost due to the
same cause  May, 1973b!. Reefs in the
middle portion of Mobile Bay and Bon
Secour Bay have a long history of poor
spat set  Ritter, 1896; Bell, 1952!
which is likely due in part to low dis-
solved oxygen  May, 1973b!. This low
disso!ved oxygen phenomenon has been
known !oca!!y for more than a century
as "jubi!ees" �+esch, 1960; Nay,
1973b!. Other contributing factors to
poor spat set are thought to be spring
freshets  May, 1972a! «nd existing cur-
rent patterns  Hoese, Nelson and Beck-
ert, 1972!.

Current patterns have changed some-
what due to spoil deposition adjacent to
the Mobile Ship Channel. The channe!
has also caused saltwater penetration
inland from the Gulf  Ryan, 1969!.
Nay �971! considered changes in sa-
linity and current patterns more detr'!-
mental to oyster resources than si!ta-
tion or physical destruction due to
channel construction. Physical destruc-
tion of oysters has occurred during con-



struction of Grants Pass in 188B, Pass
aux Herons  ca. 1912! and the Gulf
Intracoastal Waterway in the late
1980's. Spoil from these channels was
placed in some instances on nearby oys-
ter reefs. Increased salinity in Por-
tersville Bay resulting from the natu-
ral westward migration of Dauphin and
Petit Boia islands has destroyed the
oyster resources in Porteraville Bay.
The width of the pass between the two
islands has increased from 1.6 nautical
miles in 1851 to about 5 nautical miles

 May, 1971! increasing the salinity
throughout Mississippi Sound.

Socioeconomic problems also affect
the industry. Overfishing waa men-
tioned by Ritter �896! as the cause of
depletion of certain reefs in Alabama.
Nelson �914!, Galltsoff �980! and
Eagle �986! also considered overfish-
ing of the more accessible reefs, fail-
ure to return shells to the reefs, and
uae of oyster dredges as major factors
in depletion of the reefs. These conclu-
sions must be considered; however,
many biological factors affecting oys-
ters were unknown at those times.
%hile the effects of high fishing pres-
sure is not fully understood, continued
fishing of the more accessible reefs and
little or no utilization of less accessible
reefs ia a poor method of exploiting a
resource. At least 90'f~ of the fishing
pressure is expended on Cedar Point
Reef even though less accessible reefs
such as Sand Reef, Buoy Reef, King' s
Bayou and others periodically have oys-
ter densitiea equally as high. One valid
examp'ie of overfiahing waa during the
1966-1967 steam oyster season. The
size of legal oysters was reduced and
thousands of barrels of small oysters
were taken to the canneries in Missis-
sippi. The oyster harvest was consid-
erably reduced for several years fol-
lowing the steam season  May, 1971!.

Bickering between oyster fishermen
of Baldwin and Mobile counties and
among fishermen within each county
sometimes has hampered effective man-
agement and improvement of the fish-
ery. The eastern shore historically has
had a poor oyster set  Ritter, 1896;
IIoese, Nelson and Beckert, 1972! and
production there is sporatic, The Mo-
bile County fishermen greatly resent
attempts by Baldwin County fishermen
to obtain seed oysters from reefs in
Mobile County. This led to an armed
confrontation between the two groups
in the 1960's. Also, moat shell plant-
ing by the state has historically been
on the better producing reefs of Mo-
bile County which haa caused resent-
ment among the Baldwin County fish-
ermen, During 1975, seed oysters in
two locations in Mobile County were
made available to a small group of Mo-
bile County fishermen for planting on
their leased bottoms. Both areas were

in polluted, permanently closed areas
and considerable effort was made by
the Marine Resources Division to ob-

tain authorization from the Department
of Health to move these oysters. The
leeseea were indifferent to obtaining
oysters from one location and permis-
sion to obtain oysters from the other
waa withdrawn after a petition was cir-
culated by other Mobile County fisher-
men objecting to removal of oysters
from public bottoms  even though per-
manently closed! to a private lease.

The oyster fishery itself contributes
almost nothing to reef improvement
and, as in all coastal states, is heavily
subsidized by the state, During the
period from 1960 to 1968 the Marine
Resources Division planted 454,984 bar-
rels of sheli and 254,499 barrels of seed
oysters on the public reefs of Alabama,
During this same time revenue received
from the oyster fishery amounted to



about $9,000 per year, or 2/o of the
dockside value of the fisheiy  Nay,
1971}. During 1968, 1970, 1972, 1974
snd 1975 a total of $896 thousand was
spent by the Marine Resources Division
to plant shell following extremely high
mortalities on the oyster reefs. These
funds were made available by the U. 8.
Department of Commerce under Public
Law 88-309, Section 4 b! for fisheries
disaster relief, %ere these funds not
available, it would have been impossible
for the state to fund shell planting pro-
grams of this scope. Lack of funds his-
torically has been a cause of little de-
velopment of suitable bottoms, but it
is questionable whether governmental
subsidies except following natural dis-
asters are the solution. Lack of seed

oysters has reduced interest in de-
veloping leases and riparian bottoms
but the recent development in produc-
ing cultchless seed oysters in hatcheries
may provide needed stimulation to pri-
vate development of the fishery. How-
ever, closures due to pollution have be-
come more frequent and of longer dura-
tion since the 1950's and have certainly
decreased interest in extensive develop-
ment of the fishery by either private
enterprise or governmental agencies.
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