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OYSTER CULTURE IN LONG ISLAND SOUND
1966-69
Clyde L. MacKenzie Jr.
ter mortalities, and the development and application of methods for preventing these
mortalities. Future increases in production
will probably be made through even more effective control ofmortalities--and collection
of much larger numbers of seed oysters as a
result of better preparation of private setting
beds and restoration of public seed areas.

The oyster industry in the Long Island
Sound waters of Connecticut and New York
(Fig. 1) is rapidly developing improved methods for raising oysters. Prospects are good
for a return to production levels equaling or
exceeding those of some earlier periods.
The resurgence of the industry has resulted
. from de termination of the causes of seed oys-
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Fig. 1 _ Chart of Long Island Sound showing coastlin es of Connecticut and New York. Solid black areas show extent of oyster bottoms,
only about 1 percent of which were actually planted w ith oysters in 1969.
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Production of oysters in the Sound declined
sharply after the early 1950s from an average of about 1,300,000 bushels in 1950-52 to
only 40,000 bushels in 1967 (Lyles, 1969).
Traditionally, oyster com pan i e s held all
their seed oysters on storage beds, totaling
several thousand acres, under 30 to 50 feet
of water in Connecticut. The quantity of these
oysters was always several times larger than
that marketed. Each year, a portion, depending on the size of beds and market demand' was transplanted to growing and
fattening beds in Connecticut, but mostly in
bays around Long Island. Companies merely
filled vacant sections of storage beds when
an oyster set occurred. Thus, the supply of
market oysters did not fluctuate with annual
fluctuations in setting.
Seed Oysters Decline
After 1950, not enough seed oysters were
available to plant on storage beds. Reasons
for the decline were: (1) Deterioration of
public beds and their failure to produce significant quantities of seed oysters after 1948;
(2) Inability of oyster companies to obtain significant quantities of seed from their private
beds inmost years; (3) A storm in November
1950 that destroyed most seed oysters on
setting and storage beds in Connecticut; (4)
Low availability of shells to be used as cultch
on setting beds after 1950 because companies
sold nearly all their oysters in the shell
rather than shucked; and (5) A large increase
in numbers of starfish after 1957.
During the early -stages of this study, I
observed that seed beds were poorly prepared, and that most seed oysters were wasted
due to poor management. The main reasons
were because oystermen could not see the
bottom where oysters were being cultured,
and no assistance was a v ail a b 1 e to them
through state or Federal extension services.
Study Oyster Deaths
Material for this article was obtained by
the Predator Control Program, Biological
Laboratory, BCF, Milford, Conn., while pursuing studies, long overdue, to determine the
causes and patterns of mortalities of oysters
on commercial beds.
The project involved: (1) Studying about
30 beds of oysters in Connecticut and New
York by SCUBA diving once or twice a month;
(2) Identifying causes of oyster mortality and

determining the percentage kill e d by each
cause at different periods; (3) Finding or developing methods for reducing the effects of
these causes and other that limit production;
and (4) Assisting oyster companies to fit
better methods into their system of oyster
culture .
Material was also obtained from extensive
interviews with commercial oyster growers.
Limited literature is available on any recent
phase of oyster culture in Long Island Sound;
most of this article consists of original material gathered from these source~.
LOCATION AND PHYSICAL CONDITION
OF OYSTER BEDS
Seed beds in Long Island Sound are between
Norwalk and Branford, Conn., within a mile of
the shore, and under water that ranges in
depth from 5 to 28 feet. There are no seed
beds around Long Island because setting of
oysters there is infrequent .
Seed oysters from Connecticut seed beds
are grown tomarket size and marketed from
growing beds in Connecticut and New York.
Most Connecticut seed, however, is transported to growing beds in New York at Oyster Bay, Northport Harbor, P econic Bay , and
Gardiners Bay, under water that ranges from
10 to 40 feet. Salinity ranges between 25 and
27.5 %0 (parts per thousand) along the Connecticut shore, and at Oyster Bay and Northport, but is about 31 %0 in Gardiners Bay.
These beds are considered superior to
those in most other sections of the United
States because they cons ist of coarse sand,
or mixtures of sand and gravel, which makes
them hard enough to support oysters. Nevertheless, silt accumulates on many of them,
especially during the winter. Silting is heaviest on beds in the relatively calm sections
of harbors, such as those at Norwalk and
New Haven, Conn., and Oyster Bay and Northport Harbor, N. Y. The silt is retained
more on beds with a dense population of
oysters, where it may become as deep as 2
inches .
Water temperatures over oyster beds are
32 . 5 0 to 33.5 0 F. from mid-January through
mid-March. InMilfordHarbor, Conn., average temperatures are:
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Month

Tern perature (oF.-;';

Mid-January
through mid - March
April
May
J une
July
August
September
October
November
December

32.5 - 33.5
38.0 - 40.0
52.0 - 60.0
65 . 0-67.0
66.0 - 73.5
72.0 - 74.0
61.0 - 72.0
52.0 - 61.0
46.0 - 53.0
38.0 - 42.0

long f rom which w a s t e cott on bundles are
strung, or cutting boar ds , measuring 15 feet
long and 1 foot wide ( Fig. 2). By use of these
boards, which lift the s ilt when t owed rapidly,
a boat can flush s i lt from 25 to 50 acres of
plante d she lls du ring each tide (MacKenzie,
inpre ss,la l ). Companies employed starfish
mopsto a limited degree during 1968 - 69, but
use of c utting b oa r ds for this purpose is a new
deve lopment.

l/BCF records .

SOURCES OF SEED OYSTERS
The principal source of seed oy ste rs in
the Long Island Sound area has alway s b ee n
and, for the foreseeable futur e , will continue
to be natural sets on seed beds along the
Connecticut coast. These seed b e ds have always had the capacity to produc e mor e than
enough seed oysters to plant on all th e gr ow ing beds of th e Sound. They have ne v er bee n
adequately prepared, howeve r, and in r ece nt
years supplies of natural set have b ee n aug mente d by production of se e d oy ste r s in com mercial hatcherie s and in Oc e an P ond, a salt
water pond, on Fishe rs Island, N.Y. Natural
setting, in ye ars whe n goods s e ts occu r , has
the advantage of providing e n or mou s qu a ntities of s eed oy ste rs at v e r y little cost. The
hatcherie s and Oc e an Pond have p roduced
somewhat more pre dictable supplie s of seed
oysters, but the quantities we r e sma ller and
the costs hi ~her.
Natural Se ts on Private B e d s
Oyste r s e ts of hi gh inte nsity occu rred on
comme rcial b e ds in 1 966, 1968, a nd 1 969.
B e ds in New Have n colle cte d the most seed
oyste rs in e ach ye ar b ecaus e they we r e better
prepare d for s e tting by the oyste r companies
c ontrolling the m.

e

Optimum pre parati on of a s ee d b ed i nvolves
a sequence of ope rati ons. T he fi rst is re moval of predators a nd de bris from the bot tom (methods for r e m oval of pred ators are
described later). The s econd is the s preadi ng
of cleaned oy ster she lls at t he r at e of 1, 500
or more bushels p e r a c r e , wh e n r eady -t o-set
oyster larvae become abund a nt in t he water .
In some areas, wher e silt begins to cover
shells immediately , the t hi rd procedure is the
r e moval of this silt, which c an gr eatly reduce
the number of spat obtaine d. T o remove silt,
oy ster companies can us e s tar f i sh mops ,
consisting of a metal f ram e a bout 12 feet

Fig. 2 - Cutting board , or vane , is towed rapidly over bottom,
at angle shown, to scour silt off shells . Currents carry suspended silt off bed .

The old procedure of spreading all availab l e clean shells on several beds along the
Connecticut coast each year was wasteful.
Thi s was because from 1958-69, for example,
oyster sets were of commercial significance
in6 of12years (1958, 1959, 1962, 1966, 1968,
and 1969). In the other 6 years, plantings of
shells did not collect a commercial set. Furthermore, in the years of significant sets,
setting often occurred in only 1 or 2 areas,
such as Bridgeport and New Haven. Each
year, oyster companies spread from 150,000
to 200,000 bushe l s of clean shells on about 175
acres of setting beds . They obtained clean
shells by storing on their docks shells that
either were gathered from unused beds by
suction dredging or saved when market oysters were culled . The cost of clean shells
planted on a seed bed 0 b t a in e d by section
dredging was about 30 cents per bushel; that
of culled shells was much less. So 200, 000
bushels of planted shells cost about $55,000.
A common, but less effective, method for
collecting seed is the dredging up and respreading of shells, covered with living organisms' that have been on a bed for a year
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or more . Since this method does little more
than expose small clean portions of shells
that were laying against the bottom, it presents little additional clean surface whe re
oyster larvae can set . During 1966 -6 9, companies prepared about 100 acres of setting
beds by this method.

In 1966 and 1968, several beds prepare d
with clean dock -stored shells caught as many
as 15,000 spat per bushel of shells; in 1968,
one bed (on which about 1,500 bushe ls of clean
shells per acre had been planted) collected
50,000 spat per bushel. From this bed, about
2,500 bushels of seed per acre were harvested
in spring 1969. At that time, the count of seed
oysters had fallen to slightly more than 6,000
per bushel because of mortality and growth of
oysters. In 1969, setting of oysters was not
as intense; the best beds collected about 8,000
spat per bushel.
In 1968, the highest spatfall on beds prepared by the dredging up and replanting meth od was only about 2,000 spat per bushel of
shells. Beds nearby prepared with clean
shells collected from 3.5 to 12 times as many
spat (MacKenzie, fa'). Companies realized
few seed oysters from these beds because
they did not control starfish and oyster drills.
In 1969, spatfalls on beds prepared in this
manner were not of commercial intensity.
In 1968, MacKenzie observed that black
shells obtained from muddy bottoms could be
planted immediately and, being free of fouling
organisms, would catch about as many spat as
clean dock -stored shells.
Between 1966 -69, more than 95 percent of
formerly productive seed beds received no
preparation. In those years, a small number
of unprepared beds received light sets of only
100t0200spatperbushel of shells (MacKenzie) •

The states of Maryland, Virginia, and Louisiana, which produce the largest quantities of
oysters in the United States, depend on public
beds as the source of most of their seed.
The once-f am ou s Bridgeport-Fairfield
public seed bed, 4,500 acres in size, has not
collected a significant quantity of seed oysters
since 1948 because it has not been adequately
prepare d. During 1966 -69, the few shells on
it were completely covered with fouling organisms, and oyster larvae could not set on
them. Obs ervations of oyster sets on clean
shells in test bags placed on this bed by the
BCF Laboratory at Milford indicate that the
bed would have received commercial set in
more than half the intervening years had it
been properly prepared. In 1969, some interest was aroused to restore the bed's productivity.
The only commercial sets on public seed
beds were in the Housatonic River in 1966 and
1968. The river had about 65,000 bushels of
seed oysters in fall 1968, when about 4,000
bushels of mixed 1 966 and 1968 seed were
harvested from the river with hand tongs; this
was only about 6 percent of the river's total
quantity. One of my studies showed that about
75 percent of the remainder were suffocated
by silt during spring 1 969 .
In 1969, a law was passed in the Connecticut Legislature that allowed the use of power
to tow hand dredges on public beds. In the
past, dredging could be done only by sailboats.
Hatchery Pr oduction of Seed
In 1 968, 4 commercial hatchers on Long
Island and 1 in Connecticut were producing
seed oysters (Fig. 3). In the hatcheries, abult
oysters are induced to develop ripe eggs and
sperm before the normal spawning season by

The total quantity of seed oysters obtained
from all privately owned beds was about
200,000 bushels in 1966,300,000 in 1968, and
200,000 in 1969. About a third of the 1 968
spatfall occurred on 2 -year - old oysters (1 966
generation).
Tatural Setting on Public Beds
in Connecticut
The decline of the Long Island Sound oyster
industry was partly due to the relatively few
seed oysters produced on public seed beds .

Fig. 3 - ~yster hatchery at B ~yville, Oyster Bay, Long Island,
N. Y., 15 capable of producmg 3,000 to 6,000 bushels of seed
oysters a year . This hatchery began to rear spat as singles in
1969 . T ransparent roof and w alls allow sunlight to reach tank
cultures of algae.

k ping them in warm sea wat'r for Sf.V ral
weeks . When the oyst rs have d v lop drip
eggs and sp rm, they ar' induced to spawn,
and the fc>rtiliz d ggs are plac d in 100-gallon, conical-bottom tanks . These ggs dev lop into straight-hing larvae witrin 48 hours
and can be caught on fin
itexl scr ens as
the water is drained from the tanks. Water
is changed very 24 or 48 hours, and th larva£'
are resusp nded in fresh sea wat r. Wh n
the larva reach s tting size, 10 to 20 days
after fertilization, they are transferred to
setting tanks in which a layer of shells has
been plac d as cultch.
When they were built during 1960-65, th
hatcheries depended entirely on the algae
present in raw sea water to feed oyster larvae.
This water was pumped through centrifuges
that removed silt, zooplankton, and the larger
phytoplankton - -but allowed smaller algae to
pass through to large shallow tanks in a warm,
lighted room with translucent roof. The water
was held there for 24 -48 hours to allow the
small algae to increase in numbers before it
was used to feed the larvae. Most commercial
hatcheries now grow algae in special culture
units (Davis and Ukeles, 1961) to supplement
the natural algae of raw water, and they sometimes use cultured algae exclusively.
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Th annual cost f p ratin
ranges from 50,000 to 70,000 doll
Setting in a

aIt Wat r P nd

Ocean Ponel II l'lSh r
about 10,000 busht Is f s
r
t r
about half sold to 2 oyst r compa11l
nccticut.

By using these techniques, ach hatchery
can produce 1,000 to 6,000 bushels of s cd
oysters with a count of 2,000 to 15,000 spat
per bushel.
In 1968 and 1969, hatcheries develop d
techniquestoproduce single spat. To do this,
th y plac d r ady-to-set oyster larvae in 12inch -diameter cylinders with a bottom of
itex screening and a continuous flow of watel' . After 24 hours most larvae had attached
to the sides and bottom. These post-s t larva werth n washed off as singl s, 1/70th
of an inch long. These had to be grown in
trays, with a fine scre n bottom, suspended
from rafts until oysters were larg
nough to
b plant d on the bottom (Butll'r Flower, p rsonal communication).
Cultur
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or if it is necessary to move them to beds
more protected from starfish invasions or
winter storms.
Growingbeds are cleaned ofpredators J such
as starfish and oyster drills J competitors J
such as slipper shells and mussels J and silt
before seed oysters are spread. Seed oysters
may be transp lanted each spring thereafter J
or, if not transplanted J thinned out. Com panies that do not transplant or thin out grow ing oysters each year find that they become
much too dense on the bottom - -in some instances J more then 3 J OOO bushels per acre.
If a significant percentage of seed oysters is
covered by silt J which accumulated during the
winterJ or by sand during winter storms J they
must be transplanted during the following
March or early April before water temperature reaches about 43 0 F. (the level at which
most begin active pumping}J or the buried ones

s uffocate ( F i g . 4). Wh e n seed oysters are in
clusters J repe at e d transplanting each year
also break s the s e ap a r t s o that almost all oys ters a r e " singl e s " by the time they reach
market size . A porti on of market oysters
may be att ached in clust e rs J however J if the
original set of seed oyste rs was very heavy.
Most oysters are transplante d 3 or 4 times
before they reach m a rket size.
During 1966 - 69 J oyst e r companies spread
seed on growing beds at l ow er concentrations
than they had in the past . They spre ad 1 - yearold 1968 set on growing b e ds at rat e s of 175
t0300 bushels (750 J OOO to 1J OOO J OOO oy sters)
per acre J dependi ng on numb e r of individuals
per bushel. In the pastJ the rat e of spre ading
of 1-year -olds was 500 to 8 00 bushe ls p e r
acre. But survival rates of ' oyste rs b e came
much higherJ so spreadin g r at e s had to b e
lowered to a c com mod a t e growth of the
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Oyster~

marked by on x will

die by mid-May.
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F

dli&c.ram showing depoSit of silt around clusters of small oysters during 3 months . Oysters covered by silt suffocate
nd Moly.
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oysters . A p l anting of oysters of this age increases 4 to 7 times between April and December. At higher rates of spreading, the
concentration of oysters by December, when
growth ceased because of cold water temperat ures' was greater than 1,500 bushels
per acre - - too many for high survival and good
growth. When the oysters were 2 years or
older, they were spread at rates of 300 to 500
bushels per acre. Even though spreading
rates of oysters were lower, most growing
beds had too dense a population of oysters in
1968-69.
Oysters are usually marketed at 4 to 5
years when 200 to 250 constitute a bushel.
During 1966 -69, companies sold many oysters
3 years old. Older oysters were in short supply. In fall 1969, however, about 2,000,000
bushels of oysters of various ages were growing on 2,000 acres of bottom in Connecticut
and New York.
The total cost of producing a bushel of
market oysters, including rental of beds, procurement of seed, control of starfish and
oyster drills, use of boats to clean beds and
to transplant seed and harvest market oys-

ters, and culling, averages about $2.50. The
cost of culling, $1.25 average ($0.60 to $4 .50
range) per bushel, is as high as all other expenses combined (Fig. 5). In 1969, oyster
companies received as much as $18 per bushel for market oysters. Since the early 1950s,
most oysters have been sold unshucked for
the half-shell trade.
Equipment to Transplant
& Harvest Oysters
A typical oyster boat in Long Island Sound
is equipped with 2 standard oyster dredges:
each can be lifted out of the water and over
the boat's deck by a boom (Fig. 6). At the
bottom of each dredge is a hinged door, which
unlatches to empty the oysters on deck. The
crew of a boat consists of a captain and usually
2 (sometimes only 1) deckhands. The boat
plants, transplants, and harvests oysters. To
plant seed 0 y s t e r s, two 4 -inch -diameter
hoses are used towash them overboard while
the boat travels at fairly high speed to ensure
good spreading. The cost of operating an oyster boat is about $100 per day. Since a boat
can transplant or harvest for market about
1,000 to 2,400 bushels of oysters per day, the
cost is 4 to 10 cents per bushel.

Fig. 6 - Transplanting boat partially loaded with seed oysters.
Booms are used to lift dredges over the deck. After boat IS
loaded, seed oysters are washed overboard on growing beds by
hosing with water under low pressure. Cost of transplanting
seed oysters ranges from 4 to 10 cents per bushel.

Fig. 5 - Oysters are culled faster and more cheaply from moving conveyor belt than from culling bench.

SCUBA divers (Fig. 7) observed oyster
dredges being towed over the bottom. They
found that the teeth, which are about 4 inches
long, were perpendicular to the bottom. As
a result, only 10 to 20 percent of the oysters
in the dredge I s path were gathered . The
dredge had to be towed rapidly to gather oysters because of the tooth angle. This caused
the breaking and killing of a significant percentage of seed 0 y s t e r s (Medc of, 1961;

h
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Fig. 9 - Suction dredging system mounted on barge is used to
harvest shells to be used as cultch and to remove oyster d rill s
from oyster beds .

The second most important cause of mort a lity was silt. This settled over beds during
wi nter. a nd suffocated seed oysters in late
April and May when water temperatures rose
above 43 0 F . ( Fig. 4). Silt may accumulate to
2 inches by l ate March in areas where currents are l ow and wave action is slight. In
open waters. where currents are strong or
wave action generat ed by storms disturbs the
bottom. silt deposit is usually negl igibl e . In
t he Housatonic River. a protected area. 75
percent of about 65.000 bushel s of 1 - and 2 year-old oysters were suffocated by silt in
spring 1969 . In calm sections of harbors.
such as New Haven. the mortality of 1 - yearol ds due to suffocation was 50 percent . In a
more open area of that harbor. it was about
15 percent in spring 1 968. Oystermen and
biologists for mer I y termed this cause of
mortality "winter kill. " They believed it was
caused by prol onged low temperatures.
Older-Type Oyster Dredge

Fig . 10 - Spreading quicklime to kill starfish which invaded oyster bed. Tank on boat holds 15 tons of quicklime .

used exclusively to control starfish. and 2
boats and a barge are equipped with suction
dredges. The boats are 55 to 85 feet long.
The barge (Fig. 9) candredgeup 10. 000 bushels of buried shells from the b ottt om. or remove oyster drills from 1 to 2 acres of bottom a day.
Cau se s of Oyster Mortality. 1966-69
T he most i mportant cause of mortality of
oyst er s was starfish. Asterias forbesi. A
single s tarfish can consume several oyster
spat simultaneously . On beds where starfish we r e numerous. more than 1 per square
y ard. they reduced good sets of oysters to
non-comme r c i a l levels withi n a few weeks;
eve n on b eds where good starfish control was
practiced. up to 94 percent of spat were killed
in bands 15 t o 20 fee t wide along borders of
beds (Mac K enzie). The rate of feeding on 1y ear-olds has n ot bee n de t ermin ed. but MacKenzie (1 96 9) obs erved that a starfish can
c onsume as many as fi ve 2 - year - old oysters
per 28 day s.

The third most important cause was the
use of the older-type oyster dredge in transplanting seed oysters. When 3 -month -old
spat were transplanted. about 1 5 percent were
mechanically broken and killed . In addition.
on beds where a large proportion of spat was
attached to small fragments of shells. about
20 percent were left behind by the dredges.
Usually. these were not protected thereafter
and were killed by starfish (MacKenzie). Besides damage to young - of-year oysters. between 3 and 5 percent of 2 -year-olds were
killed by dredges during transplanting. MacKenzie estimated that if mortalities of seed
oysters could be reduced to zero during transplanting. production of market oysters would
increase about 50 percent.
Oyster Drill
The fourth most important cause was the
oyster drill. In most sections of Connecticut
(except for New Haven Harbor). in Oyster Bay
and Northport Harbor. the thick -lipped drill.
Eupleura caudata. is more common than the
Atlantic oy s t e r drill. Urosalpinx cinerea
(MacKenzie. inpress. Ib l ). A single drill can
consume at least 10 spat a month. and 18 to
20 one-year - ol d oysters. between late April
and late November. Because drills were
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under good control by oyster companies, mortality of spat and older seed oysters caused
by them was small during 1967 -69. The heaviest mortality of spat by oyster drills observed
on any bed in 1968 was 25 percent between
setting and late November.
Mud Crab
The mud crab, Neopanope texana, was the
fifth most important cause. It destroys spat
upto t-inch long. In 1968, it appeared to me
that 5 to 15 percent of spat were killed by mud
crabs. On 1 bed, however, they killed more
than 50 percent.
Mortality of oyster spat also resulted from
other causes: overgrowth by slipper shells
(double deckers), Cre idula plana and Crepidulafornicata; calcareous lace) bryozoans,
SC1llZoporella unicornis; jingle shells, Anomia simplex; and barnacles (species not identified). Mortalities from these causes were
small- -estimated at about 15 percent of spat
on typical bed in New Haven Harbor in 1968.
On 1 bed, however, where slipper shells were
extremely numerous, they alone killed about
60 percent of spat before age of 2 months in
both 1968 and 1969. Rock crabs, Cancer irroratus, may also kill small oysters:- -

not have to treat many areas in center of
large beds, but repeated treatment of border
areas several times.
During 1968-69, mortalities of oysters
resulting from suffocation by silt were re duced to only about 2 percent when companies
transplanted oysters to growing beds during
March and early April, rather than waiting
until traditional May and June.
During 1968-69, mortalities of oysters
from transplanting operations were reduced
somewhat by modification of tooth angle of
oyster dredges, and by transplanting spat as
late in the fall as possible to allow them to
grow larger and thicker shells. But even the
modified dredges kill many seed oysters.
Polystream
Most oyster comp anies now employ suction
dredges or Polystream (Granular) to keep
oyster drills under control (Fig. 11). Suction
dredges can remove most drills from 1 to 2
acres of bottom per 8-hour day. Polystream
(Granular), approved by U.S. Department of
Agriculture for commercial use to control
oyster drills in Connecticut and New York,
is spread evenly over surface of the water,
with the same equipment used to spread lime,

I also found additional causes of mortality
of older seed oysters: burial during winter
storms, predation by whelks and, apparently,
some very old oysters were killed by infestations of boring sponges. Also, 3 to 9 percent
of oysters 2 years and older died after spawning in 1968.
There is no evidence that mortalities of
oysters in Connecticut were attributable to
MSX or other diseases.
Controlling Predators & Other Causes
Oyster companies have starfish under adequate control. They use mops to determine
their location; if significant numbers (more
than 10 starfish per mop frame per 3 -minute
tow) are found on the border of, or near a bed
of oysters, they spread quicklime over bed
during next period of slack current, at rate
of about 2,000 pounds per acre. Starfish stop
feeding instantly and die soon thereafter. Only
those starfish protected underneath shells or
algae survive liming treatment. During 196769, companies spread lime on beds planted
with oysters on average of once or twice per
acre per year. In practice, companies did

Fig. 11 - Pouring clay granules saturated with Polystream into
hopper from which they will b e hosed overboard. As the gran ules sink, they spread evenly over the bottom and kill 85 per cent of oyster drills within 4 weeks.
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at rate of 1,600 pounds per acre. Within a few
hours after granules fall to bottom, the drills
stop feeding, an average of 85 percent die, and
the survivors are unable to feed for several
months. The cost of tre ating 1 acre of bottom
is about $200. The bottom remains r e latively
free of drills for at least 5 years; a tr eatment
averages no more than $40 a year. By using
either suction dredges or Polystream (Granular), the number of drills on a bed can be reduced to less than 2 per square yard; this is
a density which cannot cause significant damage to seed oysters. Polystream (Granular)
treatments should be made in late April or
early May because they kill fewer drills when
made later in the season. I also found that
treatment of bottom with quicklime in heavy
concentrations will control oyster drills.
Of about 2,000 acres planted with oysters
in fall 1969, oyster companies had to control
oyster drills on about 400 acres. The remaining areas, not planted with oysters for
many years, did not have drills. Control of
drills was achieved by suction dredging on
about half the infested area, and by treatment
with Polystream (Granular) on the other half.

No specific attempt has been made to control mud crabs, but most are removed incidentally when beds are cleaned by suction
dredges or by standard oyster dredges before
cultch or seed oysters are planted.
. The fouling organisms that cause spat mortalities are controlled partially by delaying
planting of cultch on setting beds until oyster
larvae are ready to set. This avoids the competitors and fouling organisms that set earlier.
ESTIMATES OF POSSIBLE OYSTER YIELDS
Developm ent of new predator -c 0 n t r 0 I
methods, avoidance of m 0 r t a lit i e s from
smothering, and better surveillance of beds
to detect invasion by predators and accumulations of silt--have result ed in large increase in survival rates of seed oysters and
consequent yields, with promise of greatly
increased production of market oysters.
In one example, a company planted 1,000
bushels of l-year-old oysters, counting 6,000
per bushel, in May 1966. I counted a natural
set of 9,000 spat which attached to each bushel
of thes e l-year -olds in July 1966. Oyster
drills had killed 40 percent of these 2 groups
by mid -August. The company treated bed with

Polystream (Granular) on August 24, and this
prevented further mortalities from drills .
Some 6,000 bushels of oysters were transplanted off thisbedin May 1967, a sixfold increase; these oysters had increas ed to 15,000
bushels by May 1968. I estimated the volume
at 20,000 bushels by late fall 1969. Had the
bed been treated with Polystream (Granular)
earlier than August 24, the final yield would
have been considerably larger. This production is far superior to past yields, which averaged only 1 bushel of market oysters from
1 bushel of l-year-old oysters.
Since allphases ofthe much improved system of caring for seed oysters had not been
practiced before 1966, no oysters that had this
intensive care had reached market size by fall
1969. The following percentage survival estimates are based on studies of different beds
of different ages that had the most intensive
care during study period:

Age of Oysters!!
Setting to 1 mo.
1 mo. to 9 mo.
9 mo. to
1 yr. 9 mo.
1 yr. 9 mo. to
2 yr. 9 mo.
2yr.9mo.to
3 yr. 9 mo.
5 yr. to 6 yr.

Percentages of Survival
Recorded
Highest
Average

Number
of
Beds Studied

60
75

85
90

15
18

80

90

13

85

94

7

93
90

95
90

~Y

1JOysters of age 3 yr. 9 m. to 4 yr. 9 mo. were not studied.
YEstimate made from 100 oysters held in tray on bottom.

From these average percentages of survival, and assuming a 90 percent survival from
3 yr. 9 mo. to 4 yr.9 mos., the following yields
of certain ages can be expected:
One bushel of I-month-old spat, counting
10,000 per bushel, will yield about 21 bushels
of market oysters (200 oysters per bushel).
One bushel of 9-month-old seed (l-year olds), counting 6,000 per bushel in April, will
yield about 18 bushels of market oysters.
One bushel of 1 year 9 - month -old seed (2year-olds), counting 700 per bushel in April,
will yield about 2.5 bushels of market oysters.
One bushel of 2 year 9-month-old seed (3year-olds ), counting 400 per bushel in April,
will yield about 1. 7 bushels of market oysters.

In summer 1969, many beds were planted
with seed oysters maintained under intensive
care. If, from time of 9 months, 40 to 50
percent should survive to market size, they

38
will yield 5 to 30 bushels of market oyste rs
for each bushel pl anted .
SIGNIF ICANT D EVELOPMENT S SINCE 19 6 6
THAT MADE HIGHE R YIELDS POSSIBLE
The most important f a ct ors in bringing
about the remarkable increas e in y i e lds, and
the promise for much gre ater increas e s in
yields and in total production in the futu r e ,
were: (1) Systematic ide ntifi c ati on of c au se s
that limited production; (2) Monthly count s of
living and dead seed oysters on many b e ds,
which established relative importan ce of
these causes; (3 ) Use by most comp a nies of
superior methods, previously employed by
only 1 or 2 companies; (4 ) Introduction of new
methods; and (5) The speed with which oyster
companies adopted these met hods to over come or minimize effects of these limi tin g
causes.
The use of SCUBA divi ng techni ques was
instrumental in determining the cause s of
oyster mortalities and the effectiveness of
remedies. Divers can observe conditions a s
they actually exist on a bed . By quantitative
sampling techniques, they can determine pre cisely when predators, accumulations of s i lt,
and burial by storms endanger a bed . Divers
found that deposits of silt on shells significantly interfered with setting of oysters . They
found that companies often p l anted seed oysters in scattered, too-dense patches, r ather
than uniformly over bottom. By using di ve rs,
incorrect estimates of the situation on b e d s
are avoided, the efficiency of culturing oy sters can be sharply upgraded, a nd oy s te r com panies can avoid many management er r or s .
PROBLEMS THAT NEED TO BE SOLVE D
It has been estimated that the e n orm ou s
number of ready-to-set larvae in Connecticut
waters from July to October 1968 would have
yielded up to 500,000,000 bushe l s of m a rket
oysters if--sufficient shells of good qu ality
had been provided to catch them; they had
been prot e c ted from predat ors, competitors, and suffocation; enough equipment had
been available to handle them; a nd suffici e nt
space had been available to grow t hem . At
most, only 0.4 percent of this potenti a l will b e
realized since the total 1968 set s ave d will
grow into about 2,000,000 bushels of market
oysters.

The following problems must be solved before oyster companies will be ab l e to obta in
larg r percentage of the potentialfrom a crop
of larvae.

Seed Beds Need Better Preparation
Companies must prepare their seed beds
better to increase the number of oyster spat
obtained. They should store larger quantities
of s he lls on their docks. These shells should
b e spre ad on beds only in years when oyster
larvae s e t, and only in areas where the larvae
are pr e s e nt (extensive sampling of larvae
would be required to do this). After the supply of she lls on their docks has been planted,
black clean she lls dredged from under the
bottom should be harvested and planted on
s e tting b e ds. Silt should be removed from
s e tting b e ds. Also, larger quantities of shells
p e r acr e , p e rhaps up to 3,000 bushels, should
b e plante d, e xperimentally at first. My rece nt obse r vations indicate that filter feeders,
such as c lam s, oy ste rs, and mussels, should
be r e m oved fr om a setting bed because they
m ay r e duce setting by ingesting oyster larvae.
The Br id gep ort - Fairfie ld public seed bed
sh oul d b e r e st or e d to full production as an additi onal s our c e of seed oysters by a good
m anagement plan. Clean shells should be
spread on the bed, and starfish should be
controlled . Oyste r drills are uncommon on
the b e d.
Seed Oyste r s Require More Care
T o rais e a hi ghe r percentage of seed oyst ers and t o increase y ields even further, companie s nee d t o give them more care. Accordingly ' I am attempting to develop methods for
re ducing m ortalities and to determine the opt imum l e v e ls of care seed oysters require.
M or e E fficient
& Specializ e d Equipment Needed
The standard oyste r dredge is used to perform nearly all tasks in oyster culture, including : (1) Transplanting seed oysters; (2)
Harve sting mark e t oysters; (3) Recovering
she lls fr om setting beds to be replanted; (4)
Sampling oyste rs to determine their condition; and (5) Even checking beds for the pres e nce of starfish.
This dre dge was used to harvest oysters
sinc e the 1800s and was still employed in the
late 1960s with little significant change in design. It is g r ossly inadequate to perform any
of these tasks for the following reasons: (1)
It loads a boat at the slow rate of only 300 to
500 bushe ls p e r hour or, at most, 2,400 bushels aday. (Actually , it harvests oysters from
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the bottom only 5 to 7 percent of the time);
(2) It kills too many spat and larger seed and
leaves too many behind on a bed; (3) It takes
inadequate biased samples of oysters from
the bottom to determine their condition; and
(4) It covers too little area when used to check
beds for the pre sence of starfish.
Because of a short supply of boats, a great
need exists for a harvester that will load a
boat or barge with seed (with less breakage)
or market oysters much faster. A harvester
that could remove all spat from a bed probably would also remove enemies from the
bottom- - suchas starfish, oyster drills, mud
crabs, and slipper shells. The Bailey hydraulic -escalator oyster harvester used on
the Pacific Coast (Quayle, 196 9), or the Ches apeake Bay escalator clam harvester modi field to harvest oysters in Eastern Canada
(Medcof, 1961), would probably satisfy these
requirements. But th ese harvesters would
have to be modified to retain small predators
and to function on beds under the deep e r waters of Long Island Sound (MacKenzie).
Most seed beds have at l east 1,000 and
many more than 5,000 bushels of shells per
acre buried under the bottom. A device such
as a wide agricultural cultivator with deeppen e t rat i n g, curved, rigid tines could be
towed to raise the buried, but clean, shells
to the surface . Silt might have to be flushed
off these raised shells afterwards. Uncoveringthese shells would greatly expand the area
available for a set of oysters.
Many unused seed beds have more than
1,000 bushels of shells per acre on the surface of the bottom. These shells are virtually
useless as cultch for setting oyster larvae,
however, because they are covered with fouling organisms. BCF is trying to develop a
method for killing these organisms before
oyster setting. If this can be done, the area
available for a set of oysters would be greatly
expanded.
Silt can be removed from a setting bed effectively by use of starfish mops or cutting

boards. The design of both, however, can be
improved. The starfish mop could be constructed wider than 12 feet, and the cutting
board could be constructed so not to disturb
sediments under planted shells. I found that
most silt on shells originates from the bottom directly beneath the shells. The quantity
of silt in bottom sediments varies widely.
For this reason, a cutting board that scours
the bottom vigorously might stir up additional
silt and worsen the condition of the shells on
some beds. A cutting board that could be
towed at predetermined distances above the
bottom might remove silt from shells without
disturbing the bottom, regardless of its conSistency.
A device such as a wide agricultural cultivator with shallow -p e net rat i n g, curved
springtinesneedstobe used to recover oysters buried by storms. Divers have found
that oysters are seldom buried more than an
inch under the bottom; recovery should be
easy. Oysters buried by storms have always
died because companies have never attempted
to recover them.
The cost of labor for culling oysters is
much too high. A system such as a conveyor
belt with holes, and with a side-to-side motion
to separate oysters from small empty shells
and stones, could be used to lower this cost.
CONCLUSION
The level of efficiency of oyster culture
in Long Island Sound increas e d sharply during
1966 -69. Undoubtedly, it will continue to increase because the differential between the
cost of producing oysters and the selling price
is extremely wide. Companies will make
large profits on any oysters sold. New developments are needed to increase the quantities
of oysters available.
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WHAT ARE ALGAE?
Algae are primitive plants ranging in size from a single cell, which can only be seen
with a microscope, to the giant kelps, which grow to a length of 100 feet. Algae are dominant in the sea, both in number of species (approximately 6,600) and in number of individual
plants. Although algal cells contain chlorophyll and other pigments, these plants do not have
roots, stems, or leaves. However, some larger forms do have structures which resemble
these organs.
Algae do not need roots, because they live in a solution of nutrients and the whole
plant can absorb water and nutrients from this solution. Some algae have a holdfast that
resembles a root. The holdfast is simply a structure that holds the plant in place; it does
not absorb water or nutrients from the "soil ll ; therefore, it cannot be called a root. Since
most of the plant can absorb materials needed for sustenance and growth, there is no need
for an elaborate system to transport water, nutrients, and food; therefore, algae do not
have stems. The supporting structure of kelp that resembles a stem is called a stipe; it
does not serve ~ transport function and it does carryon photosynthesis.
Some algae have blades that resemble leaves, but these are extensions of the plant body
and are not the primary site of photosynthesis as in terrestrial plants. Because the entire body of the algal plant carries on photosynthesis, the blades are adapted to increase
the surface area to make absorption and photosynthesis more efficient.
Photosynthesis requires light, and, since the amount of light available in the water is
limited by suspended particles, the blades with their larger surface area enable the algae
to receive more of the available light. When the water is very turbid, light penetration is
poor and plants grow only in shoaler areas. Plants with large surface areas have a better
chance of survival.
Large plants do not usually grow in the open ocean, but are restricted to water less
than 300 feet deep; one exception is the sargassum weed which floats in the surface layers
of the Sargasso Sea. Algae in the open ocean are generally one-celled forms and are
limited tothe lighted zone (surface to approximately 600 feet). These algae are extremely
numerous and ar-e referred to as the" grass of the sea" because they are the very beginning of the food chain in the sea. ("Questions About the Oceans,'1 U.S. Naval Oceanographic
Office.)
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