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A tr c1
The biology, production, and distribution of

the American oyster in the Barataria basin have
been correlated with environmental factors that
determine spatfall, growth, reproduction, and
morta Bty. Mortalities resulting from predation
and disease are often associated with increased
levels ofsalinity and temperature. Oysters thrive
in the mixture of fresh and salt waters found in
many of our estuaries; their distribution is founci
to be directly related to salinity. This paper exp-
lains the interrelationships that exist between
salinity and other environmental parameters af-
fecting oyster populations.

Sabnity data accumulated over a twenty-
year period has afforded the documentation of
salinity changes in the lower Barataria basin. The
trend is towards increased levels of salinity in the
Barataria estuary. During the past 30 years
natural oyster spatfall has been observed further
and further inland, in areas that had previously
been too fresh to support oyster growth. lf oyster
growth is displaced further northward at the
present rate, the Barataria oyster Bshery may
suffer, as encroaching levels of pollution intrude
southward into areas of current and future oyster
production.



Introclucti on
During the past 30 years there has been an

increasing concern for the protection of the vari-
ous species that inhabit Louisiana's richly en-
dowed coastal zone. This interest has prompted
an investigahon into the abundance and dis-
tribution ot commercial and noncommercial
species that exist in estuarine communities, Pre-
sent!y, the Coastal Zone Management team of
the Center for Wetland Resources  Louisiana
State University! is attempting to evaluate the
interrelationships that exist between marsh!and
inhabitants and their biophysical habitats. The
Division of Oysters, Water Bottoms, and Sea-
foods of the Louisiana Wildlife and Fisheries
Commission  LWFC! is responsible for much of
the research activity and the co!!ecting and
achieving of environmenta! data describing
these aspects iiF the coastal zone.

Histoncagy, our most valuable commercial
fisheries have been shrimp, menhaden, a nd oys-
ters  in that order!. Each of these organisms de-
pends heavily on estuarine environmental sys-
tems such as those Found in Louisiana. The pro-
ductivity of such systems is predetermined by
the balance of several factors that comprise the
delicate estuarine framework, Recently the U,S,
Environmental Protection Agency stated that "it
is currently assumed that none of the major
commercia! species would continue to exist in
commercial quan.tities if estuaries were nota vail-
able for developinent"  U.S. EPA 1971!. This is
particularly true for the American oyster  Cras-
sostrea t irgittica Gme!in!, which inhabits es-
tuarine waters during its entire life cycle. The
dependence of this organism on the mixture of
fresh and saline waters � coupled with its
benthic development and feeding behasrior�
account for its extreme sensitivity to sporadic
environmental fluctuations that can result in in-
creased mortalities. Louisiana has been subject
to fluctuations in productionsince the begin-
nings of the oyster industry in the latter half of
the nineteenth century. Severa! oyster surveys
conducted around the turn of the century have
facilitated this investigation.

Currently the most widely used means for
the quantitative assessment of commercial
species is the use of catch data. However, the
lack of consistent and reliable reporting of oyster
landings has restricted the use of conventional
methods for the inventory and analysis of the
Louisiana oyster resource. According!y, sources
other than catch data had to be utilized to con-
struct a program that would reveal current and
historical aspects of oyster production, distribu-
tion, and relationship ss ith a dymanic and chang-
ing environment.

The approach for accumulating data w,is
broken down into five basic tasks:
1! Survey of previous efforts to locate .ind

quantify Louisian~ o>ster populatiiins
2! Personal intervievrs with qu,ilified menibvrs

of the oyster fishery to establish produition
estimates from privah. !east s.

3! Consultation ivith LWFC  Divisiiin of Oys-
ters, Water Bottoms, and Seatiiods! to obtain
lease charts and records.

4! Analysis of water quality in areas of oysher
production as recorded by the Luuisiana
State Department of Health.

S! Evaluation of the interrelationship~ between
oyster production and environmental fac-
tors.
The Barataria Basin ii as se!ected as a piliit

study area because of the quantity and qua!it i i it
available environmental data. lt is a semicl used
basin that receives its freshwater input mainly
from rainfall and agricultural runoft. ! he north-
ern head of the basin is dominated bv fresh to
brackish v'aters wht!e salt ivater enviriinmeiits
dominate the southern seaii ard end This basin
is one of the major oyster produinng areas in thi
state,

This report firsl discusses environmental
factors affecting oyster popo!ation and the his-
tory of oyster production in the Barataria Basin.
Then, in the context of information presented in
these hvo sechons, the eFfects on oysters of en.-
vironmental changes m the Barataria Baian are
presented. The reader is urged to give full atten-
tion to this final section, which dcicuments
clearly for the first time thc steady northward
movement of oyster producing areas in the basin
due to salinity encroachment  and the accom-
panyingg prob!ems of predation and disease from
marine organisms!. As oyster pr iducing areas
move northward, further problems anse from
encroaching pogution levels from the north.
These problems pose a real threat to oi ster pro-
duction in the Rara tana Basin, and the introduc-
tory information on the bio!ogica! requireinents
of oysters should be read with them in mind



Knvironnsental Facfors
affeotins Oy~ter po olationt

Any inveshgation into the causes of mortal ~
ity, decline in production, or changes in distribu-
tion of oysters should take into consideralion
many posstbigties, principal factors that produce
favorable growth rates, propagation, and gen-
eral welfare in an oyster community are optimal
temperature, food supplies, water circulation,
bottom character, and salinities. A second set of
factors, which may adversely affect oyster popu-
latkms, includes disease, competitian, preda-
tion, turbidity and sedimentation, and pollution.
The in terachons of the positive and negative fac-
tors of the environmenl act simultaneously on an
oyster caymmunity to determine its productivity
Caltsoff 1964!.

Tornperatur4t
A great difference in climatic conditions

exists within the geographical range of theAmerican oyster. Tgemperature is on e of the prin-
cipal variants in benthic communities of this
type, Thc oyster is a poikilothermic organism
that has been observed in waters with tempera.
tures ranging 34-9TF  Galsoff 1964 I. The exter-
nal temperature directly affawts the life of the
oyster by controlling gonad formation, spawn-
ing�respiration, feeding, and water transport.

Ciliary motion of the gills, which is respon-
sible for the transport af water, is maximum at a
temperature of about 77-79'F. The ciliary activity
dedines rapidly below 70'F and ceases com-
pletely al 4145'F. Growth of oysters maintained
at temperature» below 46"F isoften referred to as
hibernation  Galtsoff 1964!. At temperatures
above 9ty'F there is also a decline in rciliary move-
mentt. The effecl of ciliary activity ls very impor-
tant lo the physiology of the oyster because of the
direct relation of water transport to other vital

rocesses. fn addition to respirahon, the celia of
ivalve gills play an imporlanl role in feeding, As

the tiny whip-like celia beat to transport water
over the gill filaments, dissolved organic sub-
stances and microscopic life are trapped on the
surface of the gills These particks are trans-
ported to the mouthby continuous iiliary motion
associated with watei transport, Galtsoff �964!
observed that fareding does not occur below
tern ratures of 43M F.

a stxxrnd set of functions that are directly
related to environmental factors, primarily
temperature, are gonad formation and spawn-
ing. As the temperature of the water begins to
rise in late winter and spnng, the sperm and egg
ceUs develop, thickening the gonadal epithelium
 Hopkinsetal.1953j Spawningofripegonadsis
triggered by a rapid rise in temperature but is not
determined by a specific critical lemperature, as
others had onginally suggested  ftlefson 1931!.

The number of sex cells produced during a
single season varies. depending upon environ-
mental conditions. Greater gonadal develop-
ment is mare likely to be found in oysters from
latitudes north of the Chesapeake Bay rather
than in the south Atlantic and Gulf of Mexico
waters. However, m these northern populations
the reproductive seasonisof short durahon, last-
ing only 4 to 6 weeks. ln our warmer southern

waters, gonadal formati<m and spawning con-
tinue for several months. The peak of the spa wn-
ing season For Ba rataria Bay oysters occurs early
in May  Mackin and Wray 1950!. Mackin and
W ray  ] 949! s tate t ha t oysters in the lower regi on
of Barataria 8*yare kept at near gonadal exhaus-
tion for 6 to g months of the year. due to pro-
longed high temperature stimulation. Postrep-
roductive degeneration of tissue and glycogen
loss ln these oysters is partly responsible for the
shortened life span of oysters found in our
southern habitat.

Indirectly. temperature is a controlling fac-
tor in that it, along with salinity, determines sol ~
ubifity of oxygen in water and atfects the
metabolism, reproduction, and behavor of as-
sorted organisms. Metabohc rates of predators,
parasites, and competitors are accelerated m
spring and summer manths at precisely thc time
when oysters are most vulnerable to damage due
to spawning and glycogen losses.

Mackin and Hopkins �961! noted that sea-
sonai mortalities of oysters were obviously cor re-
lated with temperature. However, Mackin and
Wra y �950! stated that the effect of temperature
is seaxtndary as high temperature alone has little
or no effect, but high temperature combined
with high salinity. such as predarion, is effec-
tive in producing lethal results.

Observahons of various mvestigators indi-
cate that diatoms, dinoAagegates, and other
groups of phytoplanktori and zooplankton plus
bacteria and organic detritus comprise the diet of
the oyster. Selection is made prim*rilv on the
size and shape of the fond particles. jfsrgenson
and Gitldberg �953! observed that the American
oyster filters about 10 to 20 liters �.6-5.2 gallons!
of water for each milliliter of oxygen consumed,
At this rate, under normal condihons at 75-77 F,
an oyster may filter 1,500 liters �96 gallons! of
water daily. Actual food requirements o  oysters
do not exceed D. 1 5 m g o f utilizable organic matter
per liter of water used Oetrgenson 1952!. The
organic matter nf the phytoplankton found in
American coastal waters has been shown to
range from 0.17 to 2.8 rng per liter f Riley 1941;
Riley and Gorgy 1948!. Ra~arch along the coast
of Louisiana conducted by M. H. Owen �955! for
LWFC indicates that "at a0 times and at all sta-
tions sampled there were sufficient numbers and
kinds of microorganisms present in the water to
support existing populations af oysters."

The abundance of plankton is crihcal only
during the period when the oyster is actively
feeding and accumulating glycogen. Conditions
are ideal for the feeding of oysters when nonpol-
luted water containing a low concentration of
small diatoms and dinaflagettates runs over a
bot tom in nonturbulent flow  Gaftsoff 1964!.
High concentrations of phytoplankton, such as
those seen during algal blooms, are not desirable
and can be harmful. Sudden development ofred
tide dinofiagellates, Gyffifraffifrfu ftf breve. may
cause extensive mortalities of oysters growing, in
water along the shores of affected areas. Con-



sumption o  the poisoned sheHfish may priiduce
lethal results in the consuming organisms. Totdc
algal blooms are not common in Ltiutsiana wal-
ers, no repiirts of the pinsontng of shellfish exist
in the recent literature.

Water Circtflatioet
"Free exchange of water is essential for the

growth, fattening and reproduction of oysters"
 Gaftsoff 1964t, ideally. an oyster bed is supplied
with a steady, nontu*ulent flow o  water. The
current need only be strong enough to carry
away liquid and gaseous metabolic wastes and
feces and to provide oxvgen and ftxid. The dis-
tribution of planktonic populations, eggs
spawned within the estuary, pollutants, and any
other material dissolved or suspended in water is
determini.d by the circulation of fresh and salt
~ster in the estuary. These waters are mixed and
distnbuted constantly within the estuary as a
result of daily winds and tidal oscillations. River
flow and rainfall also «ffec't wa ter circulation but
on a more seasonal basis  Ketchum 1951!.

Tidal cunents and other water movements
in the northern G off area have been described by
Marmer  ]947, 194$, 1954k Tides of the Barataria
Bay area are diurnal  one high and one low per
day!. Mean tidal levels fluctuate in a regu'lar
rhythm throughout the year; the lowest mean
fevebt are in January and the highest in Sep-
tember lMarmer 1954!. There is *n increase in
mean ndal level from August to September. This
is of greatest significance in its effect on salinity
levels in bays and marshes. During this same
period, with low ramtag in the marsh drainage
area, high evaporanon rates due to summer
temperatures coupled with high transpiration
rate~ of !ush summer vegetatum cause a net flow
of water from th» Gulf into Louisiana bayr and
marshes. As would be expected, this has a pro-
nounced effect on the sahnity of the estuaries
 Mackin and Hopkins 1ia61!

The velocity ot currents over ari oyster bed
will determine the amount of sediment de posi-
tion. hlatural oyster reefs are commonly kicated
in areas free from sediment deposition or silta-
ticin. Oyster spat require hard clean surfaces for
atlachment. Planted shell ur cultch placed in
areas of relatively high current velocity tend to
cotlect more spat than those placed in low veloc-
ity areas  Keck et al. 1973!. ln addition to being
relarively free from the probkm of siltation,
these high current areas are exposed to a greater
volume of water and hence a higher number of
larvae will come in contact with the shelf. Perikins
�952! showed that oyster larvae concentrations
are high where current is fairly strong and salin-
ity shows no stratification.

Oyster communities are most vulnerable to
occasional turbulent currents of high velocities,
such as those associated with hurricanes. These
movements may dislodge and carry away young
and adult oysters not attached firmly to some
bot tenn feature. Oysters that are attached to the
bottom are also harmed by such currents. Valve
injury is incurred tf sand is present to act as an
abrasive material.

bottoftt Chofoctoe
One of the physical factors uf great unpor-

tance to the oyster grower is th» ch~r~cter iif the
bottom. Oysters grow best on b,ittiims that are
hardened with firtn mud, rock. nr shell. Ovsti.'rx
do not grow well on sandy ur soft mud bottoms.
The abrasive action of shifting s.tnd ivitl cause
valve injury; shifting mud may cause di.ath bv
suffocation.

Barrett �971 } mapped sediment type dis-
tribution in Barataria Bay and vicinity. ffe de-
scribes the sediment type in this area as being

redominantly clayey silt. The Gulf «id» iit the
y has * higher sand content than that of the

north and central regions, which have a siltier
character. Clay content in th» bottoms ot
Barataria Bay is hiw.

A soft muddy buttiirn may be improved by
planting cultch to form an art tftnaj reef. The most
common cultch materials are iiystvr and clam
shelf. These tnalerials give the bcittiim an artih.
clat but functional firmness destrtxf lor iiyster
culture. Louisiana oystermen prefer clam shell as
a cultch material because it produces more
single, rounded oysters that are desirable in the
counter trade. Pollard f1973! found that "no
cultch material candidate cxiuld approach clam
shell for suitability as cultch, bc~ause of its abun-
dance, low cost, and ready availability with a
minimum of transportation difficulties." The
limitatkins of the practice o  planting cultch areprimarily those ofttme and mcmey. The current

tice of clam shel! and oyster shelf is $5.00fyd'.
ouisiana oyster fishermen may plant cultch at

densities as high as 500 yd "acre on relatively
small plots, while the LyyFC plants c ultch at r.ites
of 30-50 yd "acre»n the seed oyster grounds iir
reservations, The fishermen apply cultch at
higher rates because they arv generally trying to
build a hard revftike but tiim that will endure
drsxfgfng operahons from year to year.

The bays of soothe rn Louisiana are ty pica Il v
hard bottomed around the periphery with thv
botlom increasing in softness toward th» center
fMackfn and Hopkins 1961!. Gaftsoff �964!
states that the most valuable type of bottom for
oyster culture is firm and stable, compctsvd of
rocks and hard sticky mud. Louisiana oystermen
prefer a bottom type that is a mixture of c<iarse
particles uf hard mud and clay, which easily
supports the weight of cultch or natural ovsti r

owth; rocky bottoms are rare in coastal
ouisiana. The reinforcement of oyster bottoms

by shell is the principal practical method used un
a large scale for the improvement ofovstvr bot-
toms or the estabhshment of new tines.

New oyster reefs may also be established
naturally. This is partly due to the innate ability
of oyster larvae to choose a substratum upon
which to settle. As a result of this ability, soft
muddy bottoms tnay be gradually converted by
the oysters themse fves intii oyster rvc is in a prii-
cess that may require several years Th» process
begins with the attachment ot fart ae to a ungli
shetl or other hard object lving iin th» surface of
the bottom. Other tarvae attach tii those that
have already settled. Soon a cfustx r of oysters is
formed. As the oysters grciw, natural and artifu



cial processes wil} determine mortality. Dead
oyster shells dtop from the cluster and provide
additlorsal surfaces for larvae attachment. The
cycle begins apan and the reef grows horizon-
tagy and vertically  Gaftsoff 1964k

4Nsiinity
Perhaps the single most important en-

vironmental factor affecting oyster populations
is salinity  Sutler 1949!, The direct relation of
rainfall to sa}inity makes surplus precipitation
another important parameter to consider. Coas-
tal Louisiana is an area of high annuat rainfaU,
averaging 59 iniyr. In Barataria Bay, high rainfall
serves to decrease salinity whereas tides drive
Gulf water into the bay through the passes, in-
creasing salinity. Thus, during the penods of
high rainfall there is usually a significant de-
crease in salinity. During periods of drought and
high temperature, sa Unity may be expected to
rise.

Oysters are euryhaline organisms, able to
live in waters of a very wide range in salinity.
Chanley �957! reported that optimum salinityfor growth and development ofC. virgiaica faUs
between 15 and 22.5 ppt. Caltsoff �964! found
oysters inhabiting waters with a range of salinity
from 5 to 40 ppt, The optimum salinity for oyster
populations in the Chesapeake Bay area is from
10 to 28 p pt. The optimum sahnity for natural
oyster gro-wth and survival in Louisiana is much
lower, 5 to 15 ppt  Galtsoff1964; St. Arnant 1964!.
Oysters inhabiting waters of more northern

latitudes seem to be more adapted to higher sa-
linity levels. Lindall et al. �972! explam these
differences as being preferences exhibited by dis-
tinct ecotypes, possibly even subspecies.

Oysters are somewhat adapted to diurnal,
seasonal, and annual fluctuations of salinity. The
mean values of these salini ties are of lit tie signifi-
cance because of the oysters' ability to isolate
itself from the environment by tight! y closing its
valves. In this way it may survi ve adverse condi-
tions, provided they do not last indefinitely
 Galtsoff 1964!. Direct effects of change in salin-
ity on C. virfffnica are determined by two factors:
the range of the fluctuations and the suddeness
of changes. Barataria Bay is periodically sub-
jected to drastic changes in salinity. During Hur-
ricane Carmen, v hich passed near the Barataria
coastline on Septetnber 7, 1974, the salinity at St.
Mary's Point  see Fig. 1! was increased from 7 to
30 ppt within 3 hours  Maurice Lasserre, per-
sonal communication, LWFC, Baton Rouge,
La.!.

Several studies have attempted to relateoys-
ter morlalihes to salinity, Lowered salinihes have
been directly correlated with increased tnor-
talities  Butler 1949!, Martne bivalves have little
power of osmo-regulation when placed in dilute
seawater; they can prevent loss of salts only by
ciosing their valves. The first physical reachon of
oysters to lowered salinity is the slowing or ces-
sation of water current through the gills. This is
accompanied by partial or complete contraction
of the adductor muscle. This behavior may last

Rg. 1. Louasiana oyatar landings  reports' 1880- 1974.



for several hours with no permanent injury to the
oyster  Gajtsoff1964! Ofcourse. iftheex

prolonged, the oyster wig liecome weapened
or permanently inlured and may die,

The reproductive capability ot' oysters is re-
duced by low salinity. Butler �949! showed that
ga merogenesis is inhibited in oysters maintained
in salinities less than 6 ppt, He attributes this
failure of gonad development to variations in
food availability and feeding rather than direct
;nhibition of sexual activity. Loosanoff �952!
found that normal gonadal development may
proceed on salinities near 7.5 ppt. but oysters
with ripe gonad~ subjected to lower salinities
spawn at 5 ppt. He also noticed abnormal feed-
ing behavior and lit tie growth at salinihes of 5 ppt
or less. Davis and Calabrese �964!related rate of
growth to type of food organisms available. The
type and abundance of Food organisms is deter-
mined by environmental factors such as salinity.

Barataria Bay oyster fishermen usually
transplant young oysters from water of low salin-
ity into water nearer the Gulf. The increase in
salinitv results in an increase in the rate of
growth and fattening of the oysters. In addition,
the taste o  the oyster is improved as the salt
content is increased.

Gajtsoff �964! reported a gradual increase
frt ash  mineral matter! and salt content of oysters
from May to September. V ariations in the chemi-
cal composition of oysters follow distinct pat-
tems related to the environment and season of
the year. "The major environmental factor affect-
ing the chemical composition is the salinity of the
water"  Gajtsof  1964!. Lynch and VUood �966!
showed the amino acid content of oyster adduc-
tor muscle increases proportionagy ivith in-
creased salinity. The increase in solids and cor-
responding decrease irt water content is as-
scsciated with an increase in glycogen content
 Galtsoff 1964!. These factors directly affect the
commercial quality of oyster~.

Continued exposure to salinities above the
optimum range has an unfavorable effect on oys-
ter populations, However, most investigators
fee I that the combined effects of high salinity and
high temperature are much greater than the ef-
fect of either variable when taken singularly. The
synergistic effects of high temperature and high
salinity have been the topic of much research
interest. Mackin and Wray �950! and Owen
09SS! found that exces-sive mortalities in the
Baratana Bav region occur when there is a com-
bination of juigh temperature and high salinity.
These mortalities are the primary reason For low
Production in certain years IOwen 1955!.

The influx of fresh water into an estuary is
often quite beneficiaL Decreased salinities have
lethal effects on carnivorous gastropo

orms, and fungi that afe highly destructive or
ebdftating to oysters. Brackish water consh-

tutes a barrier through which these predators
and parasites cannot penetrate anextended penods P'eriodic flushin restores the
productivity of oyster beds by re ucing these
harmful organisms and int~uci gcin nu trien ts.

Preda tiors
Predation is one of the more obvious en-

vironmental factors associated directly with riys-
ter mortality. Representalive flatworms, mol-
luscs, echinoderms, crustaceans, fishes, birds,
and mammals prey on oysters. Not aH of these
enemies are equally destructive to oyster popula-
tions; the most dangerous are those that prefer
oyster meal to other types of food  G alt soff 1964 1.

Every oyster fisherman questioned agreed
that the most serious predators found in
Louisiana waters  excluding man! are the
Louisiana conch or oyster drill  Tfrcrrs frarvirrrsfrrriia I
and the black drum g ogonras crrrmrsk The stone
crab ffHrrr rfrfre rrrrrrviurrra! was mentioned as hav-
ing been a serious pest during the 1930s and
194Gs. The starfish, Asfrnrrs firrfrrsr, a highlv de-
structive predator in Atlantic coast oyster
grounds. is usually not found in Louisiana es-
tuaries. pnibably because of rts low tolerance to
reduced salinihes such as those found in
Ba rata ria Bay.

The deadliest enemy of Louisiana oysters is
the conch, a carnivorous gastropod common to
waters of th» south Atlantic and Gulf of Mexico.
The orgardsm feeds chiefly on oysters and other
moHuscs by drilbng a neat round hole, a�ppm-
ximatel 0,004 inches  I mm! in diameter, through
the shell. Th» oyster tlesh is removed by means
of an extensible proboscis. The conch seems to
prefer small oysters to large ones. Selective de-
struction of young oysters may result in exhnc-
tion of natural reefs {Burkenroad 1931!. The
conch poses a threat to the Barataria Bay oyster
fishery, with normal attacks occasionally result-
ing in near total depletion of oysters grown in the
lower bay region.

Several studies have been conducted to
elucidate the biology of the Louisiana conch and
its relation to the Amencan oyster St. Amant
�938! presents a detailed, informativi disserta-
tion concerning Thais arid it» effect on oyster
populahons. Burkenroad �931! and Galtsoff
�964! have published brief accounts of the pre-
dacious nature ot this organism.

Many years ago, before the oyster fishery
became so extensive, the oystermen would set
traps for the conch. These were wire baskets that
were baited with clam or oyster meats.

Another method for control of this predator
was the use of palmetto fronds. During breeding
season, the conchs devehip a tendency to climb
as high as possible  below low tide mark! on
structures elevated above the surrouriding bot-
tom. The eggs are fastened to these elevated
objects. Because of this habit, the animals and
their «ggs can be trapped during the breedmg
period. At one time, Louisiana oyster fishermen
used stakes with bunches of palmetto trunds
wi red to them throughout the infested area. Th»
animals climbing up accumulated on the pal-
metto fronds as they deposited their eggs The
oyster fishermen pulled up the stakes fx.riodr-
cally and shook the palmetto fronds over the
bottom ot their boat, removing predator aiid po-
tential offspring  Cate~ 1910!. One oyster
fisherman stated that in one year he harvested as



many conchs from his leases in lower Barataria
Bay as he had oysters.

One of the most beneficial effects of freshets
 sudden influxes of fresh water! that occur in the
Louisiana estuaries is the effect they have on the
conchs. The limiting factor in the distribution of
the conch is consicgered to be sabnity. The or-
ganism cannot survlye prolonged exposure to
salinities less than 10 ppt  Galtsoff 1964!.

Schools of black drum often invade the
northern waters of the Gulf of Mexico where
they feed on molluscs such as the oyster. These
fish possess powerful jaws and pha ryngeal teeth
that can crush oyster shell. Piles of crushed oys-
tershells are the only remains of productive oys-
ter reefs that have been attacked by the voracious
black drum.

Black drum seem to be especially partial to-
ward oysters that have been freshly transplanted
or bedded. The da riiage to natural reefs is slight,
but in areas where oysters are transplanted to
saltier waters, the ravages of the drum are more
frequent  Gates 1910!. If a bed is accidentally
disturbed by a tugboat, crewboat, or other object
scraping over a reef, the drum are more likely to
attack that particular bed For this reason, once
harvesting operations are begun, Louisiana oys-
ter fishermen often continue dredging an indi-
vidual lease until aII the oysters are removed,

During the early years of the fishery, oyster
fishermen fenced their oyster beds with gal-
vanized wire to prevent attacks by the black
drum. The use of this technique has disappeared
because the fence interferred with navigation in
the coastal zone. Since the days of fencing, oys-
ter fishermen ha ve no means for controging this
predato~.

Competition and Commensaiisrn
Oyster competitors are those organisms that

live in close proximity to oysters and struggle
with them for available food and space. Com-
mensal organisms live in a related capacity to
oyster populations, sharing the food gathered by
their oyster host. Some cominensals may be-
come parasites or cause injury to the oysters as a
result of their habits or fecundity.

The oyster is subject to several commensal
and competitive relationships as the sheg and
body of the oyster are the natural abodes for
many plants and ardmals that attach themselves
to the shell surface or bore through it to make for
themselves a well protected residence  Galtsoff
1964!. The list of such species and their behavior
is well documented and described by Galtsoff
�964!.

The malor species of this group common to
Barataria Bay waters are Pofydera, Cliona, and
Dipfothym. Mackin and Wray �949! refer to these
three as "the shellpest triumvirate." pofydora is a
genus of mudworm found in the intertidal zone
of A tlantic, Pacific, and Gulf waters of the United
States. P. niebsfcrf is Found in Louisiana <iyster
shells and on the lateral inner surfaces of the
valves. The worm builds a U-shaped tube in the
shell that is covered bv shell inaieiial  conchiolin!
secreted by the oyster: the formation on the inner

shell surface is usually called a blister. Hopkins
�958! presents a report describing the behavior
of the organism and its occurrence throughout
I.ouisiana. Mackin and Wray �949! feei that ab-
normagy high populations of these worms are
probably due to high organic detritus content of
the waters.

Two species of boring sponge, Cfroiia cefata
and C!iona truiffi, have been observed in
Barataria 1!ay. The major difference between the
two spedes is their distribution, which is based
on different tolerances to low salinities. C. frui ffi
is more tolerant of low salinities and is found in
upper bay areas  Mackin and Wray 1949!.

The presence of the boring sponge is re-
vealed by small round holes on the surFace o 
oyster shells. Heavy infestations may result in
bnttle valves that break under slight pressure, If
the oyster has been subjected to adverse condi-
tions, delayed deposition i!f conchiolin may re-
sult. In this case the sponge makes direct contact
with the oyster flesh. This results in dark pus-
tules forming directly opposite the holes in the
shell  Ga it soff 1964!.

Oyster shells in Louisiana are often infested
with the boring clam, Oipfofhyra smithic This
species reaches about 0.5 inches in length and is
found inside oyster shell material in a cavity that
increases in size as the clam grows, The clam is
rarely found to directly contact the oyster fiesh,
again because the oyster secretes conchiolin over
nearly perForated areas. The presence of the bor-
ing clam is indicated by small holes in the outer
surface of the valves. Infestations of boring clams
are harmful to oysters because they weaken shell
structure  Galtsoff 1964!.

Turbidity anci Sedimentation
Several factors contribute to turbidities

found in bays and bayous of the fvlississippi
River delta depressions. Much of the au-
tochthonous turbidity is because of materials in-
troduced into Gulf Waters by the Mississippi
River. As river waters reach the Gulf, decreased
velocities and floccuiation preci pi tate most of the
silt load; the remainder enters the tidal zone. A
portion of these highly turbid waters ultimately
reach the estuaries, Other important causes of
turbidities in the estuaries are high surplus pre-
iipi ta hon and runoff, wind agitation of inorganic
debris on the water bottom, and human activity
such as boat traffic and dredging. Both natural
and inan-induced production of turbidities is
present in Barataria Bay, which always seems to
have high turbidity

The effects of turbidity on shellfish are quite
complex, with beneficial and harmful aspects.
Several investigators agree that low levels of tur-
bidity do not harm either adult oysters or oyster
larvae  Ingle 1952; Mackin and Hopkins 1961;
Loosanoffand Davis1963!. Loosanoff and Davis
�963! suggest that suspended silts and clays
inay even absorb toxic pollutants and therebv
allow oysters and other filter feeders to survive.

Abnormally high ievels of turbidity *re
dangerous to es'tuarine communities. Prolonged
exceeds turbidities can be detrimental to priinary



producers, which determine the producttvit�of
estuarine envuonments, planktonic plants are
dependerit upon sunlight as the energy source
for photosynthesis. As the suspended solids
content of the water increases, the depth oi Bght
penetration decreases, Therefore, the cornpensa-
tion depth gevel at which rate of photosynthesis
equals the rate of respiration! clecreases or ap-
proaches the surface. If light penetration does
not reach compensation depth, respiration may
exceed productivity. In this case, the system
loses energy and the biological community un-
dergoes degradation  Brehmer 1965!,

Estuarine communities are adapted to cope
with turbid environments, but man-made levets
of turbidity often exceed the tolerance ievel of
such systems. Shellfish are espectagy vulnerable
to damage by inorganic suspended solids. These
fdter feeding organisms remove suspended sol-
ids horn the environment as water is transported
across the gifis. Feeding achvity ts inhibited by
high suspended solid levels  Galtsoff 1964!,

As the velocity of water containing sus-
pended materials is decreased, the amount of
deposition of the suspendedmatter is increased.
The role of siltation in the destruction of aquatic
habitats is well documented, Siltation can
smother benthic forms of life, Louisiana fisher-
nten say that oysters are suffocated by 1 to 3
inches of silt, depending upon the size of the
oysters. Investigators of siltation damages ta
oyster leases by LWFC biologists strongly
suggest that oysters may be able to cope with a
slow, gradual siltation by maintaining a clear
area for water intake. However, rapid siltation of
several inches usuaUy results in high mortalities.

increased dredging activities ha ve pre-
sented serious problems ta oyster fishermen
working in areas of active oil and sulfur opera-
tions, About 50 percent ot oyster damage com-
plaints registered with the LWFC involve dredg-
ing and siltation  Lindall et at, 1972!. Brehmer
�965! states that "turbidity and subsequent silta-
tion reduce the quabty of estuarine waters for
intended uses and degrade the system as a
biolofp'cat habitat." He describes turbidity and
siltation as forms of pollution which have been
greatly increased by man's activities.

Pollution
Brehmer �965! defines water pollution as

"the introduction into the water of any inaterial
that reduces the value ar utiTity of the water for
any intended use," The generality of such state-
inents has made for compiex social, economic,
and biological paints af view on the subject af
pottutton. The term means different things to
different people, depending upon their particu-
lar interest. Public health officials are primanty
concerned with the health hazards associated
with pollution, The ecologist relates pollution to
changes in the environments. To the oyster
grower, pollutants are any material that de-
crease the availability of oysters.

Detailed descriptions of atf types of po"u-
tion that may affect oyster populations are
beyond the scope of this paper. Basicatly, there

are two grou ps of pollutants commiinly found in
oyster growing areas; domestic sewage and in-
dustrial or trade wastes,

The discharge of domestic sewage is one of
the most ancient forms of pollution, common to
all geographic areas inhabited by man. Increased
population has necessitated the use of sewage
treatment and organized disposal. Th» introduc-
tion of domestic sewage sludge directly into oys-
ter growing waters may immediatety produce
lethal effects as oyster beds are smothered with
lhe material, This type of paltution a lso increases
the BOD  biological oxygen demand! of a ffected
waters, reducing the amount of dissolved oxy-
gen available to the shellfish.

The most significant problems assriciated
with domestic sewage potlution and oyster con-
sumption are due to the oysters' feeding
bahavior. These filter feeding molluscs retain
and accumulate bacteria found in their aquatic
environment. This characteristic makes the oys-
ter a potential soorce for a concentrated number
of pathogens associated with domesuc waste,
such as the microorganisms causing typhoid
Eever and hepatitis. The U.S. Department oE
Health, Education and Welfare  HEW! deter-
mines the degree of contamination of oyster
growing water~ by the abundance of Eschriir!rra
cali, a nonpathogenic coliform bacterium found
in mammalian fecal waste,

The Louisiana State Department of Health
 LSDH! monitars coliform levels of all oyster

wing waters along the coast. If the Mpht
most probable number! of E. ca!i exceeds the
pemussibie maximum of 70 per 100 ml and
more than 10 percent of the samples exceed an
MPN of 230 per 100 ml, the area is restncied
and cannot be used for harvesting  HEW 1965!.
However, under certain specified conditions, the
oysters in these areas may be irarisplanted to
unpoltuted areas where they are allowed to d»-
puraie for a period of several weeks

The Louisiana State Health Department re-
cords temperature, pH, turbidity, sahnity, total
coliforms, and fecal cohforms f E. coii! at stations
kicated in each oyster growmg area of the state.
This data is compiled and published in Louis sr rra
Oyster Water Surveys, which are available through
the Engineering DivisionofLSDH. Baralaria Bay
lies in sample areas designated III-A and III-B.
Tllese areas receive some se wage con taminahon
from Mississippi River discharge that drifts
northwestward and enters the bav thraugh van-
ous passes and inlets. Other sources for con-
tamination are settlements and camps found in
Barataria Bay and along adjacent bayous and
marshes,

No industrial wastes are known to be dis-
charged directly into Louisiana oyster growing
waters  LSDH 1972!. However, several types of
industrial pollutants enter oyster producing
areas via Mississippi River discharge and various
drainage systems in the basin. Common indust-
rial pollutants fiushed into growing areas include
those from oil, sul fur, paper, chemicaL
plastics, and food industnes that characterize the
south Louisiana region. The type of pollutant



varies with the product,
State and federal laws forbid the discharge

of oil into coastal waters. Yet many of o~..r bays
and inarshes are heavily pollutedby oil  Galtsoff
1964!. The parishes of the Harataria Basin pro-
duce almost one-half of Louisiana's oil and
natural gas. petroleum exploration and extrac-
tion activities have been among the more evident
sources of industrial pollution in this area, When
oil is spilled onto the surface of water, it spreads
rapidly to form a thin film. In highly turbid wet-
ers such as those found in Barataria Hay, sus-
pended particles of da v, silt, and organic detritus
absorb oil, coalesce, and gradually sink to the
bottom  Owen ] 955!. The crude oil may remain
in the sediments for several weeks, retaining to-
xicants that impart "oily" tastes to the oysters of
the af'fected bottom  Blumer et al. 1970!.

Runoff f'rom agncultural areas presents mul-
tiple pollution problems in oyster growing areas.
In 1967, the Public Health Service ot HEW pub-
lished a study of pesticides in shellfish and es-
tuarine areas of the Lower Mississippi River reg-
ion and southern Barataria Bay. Oyster meats
and water samples were collected between
January 1964 and June 1966, All of the oyster
meats sampled were found to contain one or
more chlorinated pesticides, The amounts of
pesticide residues occurring in the oyster sam-
ples were not significant as healthhazards  HEW
1967!.

The Louisiana State Department of Health
monitors agricultural pesticides and heavy met-
als in oysters and performs radiation analyses of
oyster meats, The available data indicate no con-
tamination of growing waters by radioactive
materials, heavy metals, apicultural pesticldes
or other objectional materials  LSDH 1972!.

DistNrSe
Oysters,!ike inost other livingcreatures, are

subject to bath noncontagious and infectious
diseases. The oyster's resistance to disease is a
reAection of environmental condibons that can
weaken or strengthen the organism. Symptoms
of disease in oysters are usually nonspecihc. The
mare common symptoins are slow growth, fail-
ure to fatten, inhibition af gonadal development,
or abnormal spawning activity. If the oyster is
severely diseased the adductor muscle is
weakened so that the valves do not close tightly.
ln the literature these oysters have been called
gapers. Abnormal deposition of shell in diseased
oysters is a chronic condition resulting in the
formation of short and thick shells. The body of a
sick oyster is often discolored  dirty green or
brown!, watery. and bloody with blood cells ac-
cumulating on the body surface and giga
 Galtsoff 1964!. This condition is not to be con-
fused with that of a finn-bodied, healthy oyster
highly pigmented in red or brown as a result of
the food it has consumed. These oysters are con-
sidered top quality in the counter trade.

A number of pathogenic and non pathogenic
organisms have been associated with periodic
mortalities of oysters in waters of the United
States. However, videspread oyster mortalities

can, rarely be attributed to a single factor such as
fflsease. In most cases, a combination of several
adverse conditions. including infection, are re-
sponsible for these occurrences.

The most dangerous parasite associated
with infectious oyster disease in Louisiana is a
fungus called Derriiocysfidum iirariiiasi for many
years  Mackin et al. $950!. Recent taxinomical
adva nces have resulted in a reclassifies tiun of the
organism as Labyrmfham yxa marina. During 1947
and 1948, Mackin and W ray �949! observed that
almost 100 percent of oysters in Louisiana wat-
ers, including Barataria Bay. were infected by
this fungus.

The many phases of the li e history of
Labyriiithornyxa and various degrees of infection,
coupled with environmental factors that affect
the resistance of the oyster to disease, result in a
complex coffection of symptoms, including soine
of those previously mentioned. For the purpose
of this study, it will be sufficient to mention the
foHowing information concerning the fungus
and its relation ta the oyster  from Owen 1955!.
1! Labyriothomyxa marina is a causahve agent of

oyster disease, which is histolyic in nature.
2! The disease is lethal to oysters under condi-

tions of high temperature,
3! High temperature and high salinity produce

optimum conditions for the spread of the
organism.

4! Oyster production in Louisiana is seriously
affected by the disease.

5! Infected oysters in an optimumenvironment
usually recover from the infection, based on
degree of the infection.

6! This fungus is probably the major cause of
unusual, widespread mortalihes of
Louisia na oysters,

7! The consumption of infected oysters by hu-
mans does not, under any circumstances,
produce or have any detrimental effect.
No other pathogenic organism seems to be

as persistent in Louisiana waters as Labyriri-
tftoiiiyxa. However, other pathogenic organisms
do exist and have been correlated with oyster
disease in coastal Louisiana, ffexairiifa sp. is one
such organism  hf acki n et al. 1952!. Hea vy infes-
tation of this Aagellated protozoan causes break-
down of connective tissue ceUs, general inAam-
matian, and necrosis of tissues containing the
dormant cyst stage of the parasite  Galtsoff
1964!. Reports of the presence of Hexarmfa in
Louisiana waters are rare. as are reports of
another parasite, the oyster leech, Sty!ocfrus sp.
 Owen 1955!. Young oysters seem to be easiiy
attacked by this Aatworm, which has no difh-
culty entering the slightly opened valves of dis-
eased oyster and spat. Stylochus is often faundin
Florida waters where it frequently inAicts serious
dainage to oyster communiues, but the signifi-
cance of the parasite in Louisiana is "minutely
minor"  Owen 1955!. Some authors feel that
Sfylocfius is probably best classified as a predator
 Galtsoff 1964!, not a parasite that may cause
disease  Owen 1955!. The exact difference bet-
ween these types of relationships is most difficult
to discern.



The trematode, Bucephalus gra6lescens, is an
intestinal parasite of certain marine fishes. The
oyster is the intermediate host of this trematode
or fluke. The «ggs of Brrcepirafrrs. which are liber-
ated from the intestine of infected tishes, are
ingested by the oyster as it feeds, A ciliated lar-
vae or miracidiurn develops withirr the egg,
emerges, then migrates to the gondal tissue of
the oyster where it goes through severat stages of
its life cycle. The growth of the orgariisrn in the
oyster may become so extensive as to practically
replace most of the reproductive tissue. Eventu-
afly the free living larval forms of Brrcr7rrrrafus de-
velop and enter the water there they may infest
the definitive host. Brrcepfrafrrs does kiU oysters
and has been found in Louisiana waters, indud-
ing lower Barataria Bay, Frequency with which
B ucephafrrs <rccurs in Louisiana is very low, prob-
ably owing to its rather complicated life cycle
 Owen 1955!,

Owen �955! found that practically aU oys-
ters from the major producing areas of Louisiana
are infected with the wormlike sporozoans
Merrrafopsis ostrearrr rrr The spores and cysts of this
nonpa thogenic gregarine are found in the body
tissues of infected oysters. Owen �955! gives a
.'..U description of hrs observations of this or-
garflsmin Louisiana waters during the late 1940s,
He found that infected oysters were usuagy not
harmed by most infestations of Kerrraropsis but
suggested that heavy concentrations of the or-
anism could be debilitating to their oyster host,
ndau and Galtsoff �951! indicate no correla-

tion between oyster mortality and Ãerrrafcrpsis.

Oyster Production
Current and
Historical

Since 1880, attempts to record commercial
oyster landings have been made by various state
and federal agencies. The National Marine
Fisheries Service of the U.S. Department of
Commerce has recorded Louisiana oyster har-
vests on a monthly and annual basis since 1945
 Figure 1!. The lo west catch was recorded in 1880
with a total of 1,189,000 pounds of meat. This
flgure is not surprising as the demand for oysters
did noi stabilize until the mrd 1930s. The highest
annual production was recorded in 1939 at
13,586,000 pounds. Some state fisheries man-
agement personnel believe that a greater amount
of oysters were marketed in recent years than
indicated by these statistics because of changed
landing practices. However, they do believe that
the statistics reflect accurately year to year
trends.

The recorded catch or harvest of oysters cul-
tured and taken from Louisiana waters includes
only those used in canning operations. Oysters
harvested for sack or counter trade, which may
comprise a very large portion of total landings,
are generaUy unreported  Lindag et al. 1972!.
Oysters suitable for counter stock are of unikrrm
rounded shape and are high in salt and solid
content  fattened!. These oysters are cultivated
most carefufly and are usually served raw on the
half-sheU at oyster counters in restaurants, Oys-
ters used in steam canning and packing may vary
from 1 to 3 inches in size and may not have the
taste or notritiona! value ot'oysters served in the
counter trade. These oysters are usuafly not cul-
tured in highly saline waters thai produce the
quality preferred in raw, counter stock. Thus,
fluctuations in sack or counter grade oyster pro-
duction mav never be realized, as this portion of
the lan.dings is seldom reported.

Oyster production rs not recorded by
specific area. Reliable production estimates are
not available for Barataria Bay.

During the past 30 years, total reported oys-
ter produchon has fluctuated around 9 milhon
pounds annuaUy. Several investigaturs have at-
tempted to relate Louisiana oyster production to
singular para.meters such as rainfall and temper-
ature  Owens 1955!, season  Hopkins et a l. 1953!,
salinity  G un ter 1955!, and proximity to oil oper-
ations  Mackin and Hopkins 1961!. For details of
these studies, one should consult the individual
publicaUons.

Meaningful interpretation of catch data
must consider hshing eflort since fishing pres-
sure and market demand often deternune pro-
duction. ln 1913, there were 1,762 oyster tisher-
men working state and private reets along our
coast  Hart 1913!. 1'oday, oyster fishermen in
Louisiana number l,062  Dugas 1975!. These
men lease oyster growing areas from LWFC an-
nually at a price of one dollar per acre. Leases are
surveyed by LWFC and marked with stakes by
the oyster fishermen indicating private oyster
beds.

The state manages several areas w here spat-
fall  settlement of oyster larvae! is induced by
saltrflties lower than those required for
maximum growth, development, and reproduc-



tion in aclult oysters. The more productive of
these areas are located east of the Mississippi
River in PIaquemlnes and St. Bernard parishes,
These nursery grounds are opened to the public
except during summer  April or May to Sep-
tember! when seed oysters are taken. The young
oysters are transplanted to private leases, usu-
ally in areas of higher salinity, Some oyster
fishermen maintain private leases in upper bay
areas as an additional source of seed.

During the early days of the Louisiana oys-
ter industry, around the hrne of the Civil War,
seed oysters were gathered, transplanted, and
harvested by the bare hands of fishermen wad-
mg in waist-deep water. During the late 1880s
tongs appeared as the first tools used in oyster
culture, Oyster tongs were constructed by
blacksmiths and professional tong makers by
hinging two rake-like tools with curved teeth
that formed a basket. This enabled the fishermen
to remove oysters from deeper waters. They
were no longer limited to the shallows or re-
strained by intolerable teinperatures  Vujnovich
1974!, Oyster tongs are still used today but to a
much less extent.

In 1905 the Rrst pair of oyster dredges was
installed on an oyster boa t by Leopold Talfan-
dch, a Yugoslavian iminigrant. This method of
fishing oysters is still being used today with a few
modifications. Oyster dredges consist of
V-shaped iron frames with ring-mesh sac-like
enclosures, usually about 3 to 4 feet in length,
The dredge is connected to the oyster boat or
lugger by chains attached at the head of the
frame. The apparatus is then dragged slowly
over the oyster reef by a boat that circles at a
moderate speed. The cumbersome dredges were
hoisted aboard by manual winches until l913
when two fishermen, fohn and Anthony Zegura,
installed the first power-operated dredges. Dur-
ing that same decade, the oyster industry experi-
enced a vessel transition. Sailing luggers were
gradually replaced by or converted into
motorized boats. By 1920, the entire saiiing fleet
had disappeared  Vujnovich 1974k

Since those early years �920s! there have
been few notable changes in methods or
techniques for oyster culture. However, im-
provements in dredges and refrigeration and fas-
ter, larger bcsats have agowed the oyster I'fsher-
man to expand his efforts with his efficiency.
Today, fishermen inay travel 200 miles to bed
their oysters on prime reefs.

Recently, soine oyster fishermen have re-
a inarked decrease in yield per acre. There

s actually been no significant decline or in-
crease in cannery production. However, the
amount of acreage leased for oyster growing
purposes has increased almost tenfold since
1913. During that year Hart �913! reported
17,073 acres leased to Louisiana oyster fisher-
men. Today, snore than 140,000 acres are pri-
vately leased  Dugas 1975k Likewise, acreage
leased for oyster culture in Barataria Bay has
greatly increased over the past 35 years. The
average size of a lease in that area has doubled
since 1940  Table 1!.

Table 1. Aa sage of Oyster leases in Baroioria Bay by
parish!

Average no.
acres/leaseYear Por ish Acres

1975 Phsquernines 3607
4616
8223 Total 33.56

1968-70 Pfaqussmines 4839
J effer so 4677

9516 Total 33. 39

1959-60 Pfaquemines 2456
Jefferson 3883

6339 Total 25. 56

1948-51 Plaquernines 99
Jeffer son 265'l

2750 Torol 21. 83

1940-4 1 Piaquemines 0'
Jeffer son 929

929 Total 15. 48

'Prabably dossified under Jefferson Parish

lt has been estimated that less than 30 per-
cent of the acreage leased to oyster fishermen is
actually used each year. Tlus is partly explained
by the fact that many oyster fishermen use pro-
ductive leases every other year, They feel that
this allows a planted lease to recover naturally
from dredging operations. In addition, the
fishermen agree that this parctice helps reduce
predators. especia Uy the conch. In areas of lower
salinity, where the conch is not a problem, leases
may be used every year,
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Effects on Oysters of Environmenta I
Changes Occurring in Barataria Bay

Environmental processes operating in
Barataria Bay are altered continuously as a result
of seasona! trends in factors such as temperature,
rainfal!, and salinity. These primary factors have
pronounced effects upon a variety of biological
processes that correspondingly t!uctuate on a
seasonal basis. High temperatures play an im-
portant role in seasonal oyster mortalities. How-
ever, the pattern of temperature change varies
litt!e from year to year. Raiiifall. although some-
what cyclic in nature, does not seem to be sig-
nificant!y decreasing or increasing in southern
Louisiana. The demise of oyster populations as a
result of the diluting action of surp!us preciplta-
tions has been observed in several upper bay
areas. Yet, during the year fogowing such high
rainfal!, a new growth of oysters may settle and
thrive in the very same areas. Similarily, preda-
tion, competition, disease, and many other sec-
ondary factors also show seasonal trends and
effects but usually show no pattern of change
from one decade to ihe next.

Sahnity is probably the most variable com-
ponent of estuarine environments as it is deter-
mined by a combination of factors, primarily
wind, rainfall, and river discharge. Salinity re-
@mes in Louisiana bays and marshes are particu-
larly interesting in that they not only seem to
change seasonally but may show trends on a
!ong term basis as well. Trends appear to be
towards tncaeased levels of salinity in most of
Louisiana's coastal zone  Mackin and Hopkins
1961; Lindall et al, 1972, Pollard 1973!.
Symptoms bc of the transition to higher sabnitie s
are a loss of seed oysters to predation associated
with high salinity and an opening up of more
inland areas to oystering  Linda	 et al. 1972!.
During the past 75 years, areas formerly consi-
dered too fresh for oyster culture have become
some of the prime oyster growing areas in the
state. Low salinity, which had previously been
associated with a great portion of oyster mor-
talities in the ear! y 1900s, ceased to be mentioned
and the association of mortalities with the en-
croachment of highly saline water became more
and more frequent. Saltwater intrusion seemed a
feasiMe explanation for these phenomena, yet
increasing salinity had never been demonstrated
by the presence of actual salinity data supporting
the thesis  Mackin and Hopkins ]961!,

Barataria Bay, which is considered a tv pica!
Louisiana bay or marsh in most respects, has
been the subject of much research activity during
the past 30 years. Physica! factors such as tides,
winds, temyerature, turbidity, erosion,
sedimentation, and salinity have been observed
during the course of several research projects
conducted in this area. Concomitant with these
investigahons have been various biological
studies of marshland or estuarine eco!ogy. Many
of these studies have been speci ficat!y concerned
with oysters, shrimp, crabs, and the various
species of the sport fishery,

The advantage of these interests was
realized by LWFC, prompting the estab!lshment
of sampling schedules for parameters such as
temperature, tide, rainfaH, and salinity not only
in Barataria Bay, but across the Louisiana coast.

The value of this data has been realized during
the last ten years as various agencies have at-
tempted to monitor changes occurring in the en-
dangered Louisiana marsh!ands, Our interest in
sa!inity as it relates to the oyster resource has
revealed several interesting possibi!ities.

The a vai!able salinity, Mississippi River dis-
charge, and rainfall data have afforded us the
opportunity to investigate trends in salinity re-
gimes of Barataria Bay. A nuinber of sarnp!ing
stations are located in the 13arataria Bay area, but
the amount and consistency of salinity data are
best at two siles: St. Mary's Point and Grand
Terre {refer to Fig. 2 for locations discussed in
this section!, The latter is one of the barrier is-
!ands fringing Barataria Bay. Salinity at Grand
Terre usually lies wi thin the polyhaline range, 18
to 30 ppt. St, Mary's Point is one of the inner-
most sampling stations across the bay from
Grand Terre. This station is characterized by av-
erage sa!inities which are found in the lower
portion af the mesohaline range, 5 to 18 ppt.
Salinity was sampled regularly at St. Mary' s
Point during the years 194549 and 1956 to pre-
sent. Grand Terre salinity has been monitored
continuously on recorders since !961. Sa!initv
changes at Grand Terre are highly in0uenced by
the di!uting action of Mississippi River dis-
charge, which seasonally drifts northwestv.ard
into Barataria Bay.

River discharge, rainfag, and salinity data
were subjected to intense mathematical-
statistical analysis. A brief summary of the de-
tails of the analysis is given as an appendix at the
end of this report. At this point it wil! be suffi-
cient to present the findings of the analysis as
they relate to this study:
1! Preliminary studies indicate that salinity at

SL Mary'» Point has increased since 1961 at a
rate of 0.009 ppt per month, with !ittle cor-
respondence tn river discharge,

2! Salinity at Grand Terre did not uniformly
increase or decrease over the period 1961 to
1974. A recent drop of 0.007 ppt per month
was noted to correspond with an abnorma!
period of rising Mississippi R~ver discharge
cluring the past few years. Before this period,
the river showed a slight falling rate of dis-
charge.

3! The data indicate that mean salinity at St.
Mary's Point was probably about 6 ppt at the
turn of the century.

4! if cha nges continue at the present rate, salin-
ity at St. Mary's Point will be approximately
the same as that at Grand Terre in 100 years.
The measurement of sa!t water intrusion

gives some quantitative evidence of the rapid
deterioration of our estuaries. To more fully un-
derstand the increasing salinities and rate of
change we must relate the encroachment of salt
water and direct physical loss of wetland habitat
m coastal I.ouisiana to specific natural and artifi-
cial processes. The rate and quality of change
may vary significantly from one part of the coas-
tal zone to an otha r. Changes in salinity regime of
Barataria Bay are largely the resu!t of tv, o basic
factors.. land loss and changes in the flow of the
Mississippi River.



Fig. 2. Scaatharn, yuttvvarrt portion of the Haragarta Basin.
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Land Loai
Coastal Louisiana is rapidly losing land area

to the aea. Between 1932 and 1969 the average
rate of coastal erosion within the Bara tan a basin
was 119 acres per year  B. W. Gane, personal
commurucation, Center for Wetland Resources,
Louisiana State University, Baton Rouge!. Dur-
ing the last 600 years, the erosional forces of the
sea were, to some ertent, counteracted by
natura! land building processes in this area-
speciffcafly Mississippi River delta formation.
The land building processes have been greatly
reduced while the erosion ra te continues and has
probably accelerated in recent times due to the
activities of man.

In 1971 the barrier islands Grand Terre and
Grand isle were categorized as areas of "critical

erosion" by the U,S Army Corps of Engineers,
National Shoreline Study. Between 1960 and
1972, 18 percent �72 acres! of the principle
Grand Terre island was lost to the sea. From 1893
to 1960, Barataria Pass, the inlet separating
Grand Terre and Grand Isle, doubled in width
from 1,600 to 3,500 ft. Since 1960, this pass has
not changed appreciably, primarily because of
the stabilizing effects of Fort Livingston, located
on the western end of Grand Terre, and a stone
jetty that is maintained at the eastern tip of
C rand Isle.

Major erosion has occurred In Pass Abel,
which was 1,200 ft in width in 1960 and 3,417 ft in
1972. Most of the erosion of this pass has occur-
red on its eastern side. Of the increase in width of
Pass Abel of 2,217 ft between1960 and 1972, only



758 ft were eroded from the eastern end of Grand
Terre. In 1960, th» eastern Grand Terre island
was continuous from Pass Abel to Bay Dispute,
By October 1969, this island had been severely
eroded and was reduced to onty 51.7 acres; by
1972, only 30,1 acres remained, The accelerated
erosion rate of this island east of Pass Abet was
principally because of pipeline canals that were
dredged parallel to the beach near the high tide
level. The banks of these canals were rapidly
eroded by waves and currents.

Quatre Bayou Pass increased from a width
of 3,000 ft in 1960 to 3,542 ft in 1972. Additional
measurements for the major passes connecting
the Barataria Bay area with the Gulf of lvtextc<t are
shown in Table 2,
Tabte 2, Chan0es in width af major Pattes ia the

Barataria Bay area  in ft!

frais 1P32 1PSa 19bP

Ba rat aria 2, la9 2,373 3.500
Abel 212 499 1,233
Quatre Bayou 2, I B1 2,921 3,700

Inland land loss has also occurred at a high
rate. In 1965, Hurricane Betsy, which came in-
land in the Barataria Bay area, totally destroyed
the emerged portion of independence Island and
reduced Saturday island to less than one acre.

Land loss in the Barataria Bay area has been
attributed to the follnwing factors:

H«rrfcattrs � Since 1831, some 23 hurricanes
have struck the Barataria Bay area  U.S. Army
Corps uf Engineers 1972!. Severe storms such as
hurricanes can have immediate and drastic ef-
fectsoncoastaltand area. Waveactionand winds
along with the storrii surge of a hurricane erode
within a few hours what may have taken hun-
dreds of years to build up. Entire islands and
sand beaches are occasionally washed away by
these storms; large expanses of marsh vegetation
may be uprooted and deposited on the water
bottom. Hurricanes somehmes create new pas-
ses and therefore alter the hydrology of an area.

Waves � Hurricanes and lesser winds gener-
ate wave action, the most constant erosional
agent in the coastal zone. In addihon to beach
erosion, smaB coastal lakes are enlarged by
waves; the larger the lake becomes, the more
effect waves have on its shoreline. Intense wave
action tends to create circular lakes commonly
found in coastal Louisiana. In the shallow
Barataria Bay area, with depths averaging less
than 5 ft, wave forces affect the bottom, redis-
tributing sediments and other bottoin materials.

Lortffshare currrrtfs � These currents are geri-
erally cyclic, building beaches during one season
and eroding during another. The shoreline re-
treat along the Barataria coastline is approxi-
matelyy 16 ftlyr fMorgan and Larimore 1957!. Part
of the shoreline retreat can be attributed to the
dislodging of beach material and transporting it
away from the area by longshore currents.

Sea frtef rise and st<frsidence � The gradual rise
in mean sea level during the present century
IIvfarmer 1954k coupled with normal deltaic sub-
sidence, has accelerated rates of marshland de-

terinration and bay enlargement.
Subsidence, the gradual liiwering iif thc

land with respect to sea li'.vi I, » a diirninant and
highly significant coastal priici ss. The rate ot
subsidence is determined by several interrelated
processes: regional geosyni.bnal diiwn<v irping
of the coastal zone, contpaction iif unconsoli-
dated sediment, and variahons  miinly rise! in
sea leve'I. Although gc~cynchn.tt d<iwnwarping
is an important pnicess when ciin»dered in
termS of gentugtcat time, it ls too gradua'I a pm-
cess tube considered significant in terms ot his-
torical time spans. Sediment cisrnpiction, how-
ever, occurs c<intemporaneuustv ivith deposi-
tion. Therefore, the effxxts of subr<dencc due tii
compaction are much more apparent in the mod-
ern delta  iVlorgan 1972!.

Liras uf marrgr<itvs � One' iit the pr inc i pal vege-
tahon types in the Barataria area prior to 1962
was the black mangrove, rent iraiiiiriu nit«fu. Thi!
tropical and subtmpical stwc<es functions .is a
landbuilder and impedes erosuin  Odom 1971!
Mangroves are among the  ew emergent plant!
that can tolerate salinities ut th» open sea. Thi y
are, however, easilv damaged bv l<iw t.inpera-
tures. Freezing ti.mperatures dunng the winters
of the early I960s killed th<se plants. Latest re-
ports indicate that young mangruves .iri iince
again appearing in th» Barataria Bay area.

Dredging � Before t930 there were only a few
large canals in Barataria Bay, mi»t construct< d
by trappers and loggers bmit< d tu small areas.
Since the 1930s the demands of th» oil industry
changed the system as larger channels were re-
quired to reach well sit<~and to transp<irt i'iil and
gas out <i  the area  Davis 1973!. f<iday there are
iwer 9,000 acres of marshland that have been
dredged in th» Barataria basin Iftarrett 1970!.

Channels are dug for many purpuses iither
than those relating to Ihv petr<ileum industry.
Frequently channels are cre,ited tnctdentatly to
obtain fill matenal to furin new land in.> b,iy or to
raise the leva I of adjacent mars hes ChanneLsari
also dr<xfged to drain wetland., pruvide f<ir
waste disp<isaL transport water, iibtain minerals
or buried shell, and for many i<ther reasons
<Chapman 1968!.

The et'fects of channel construction and d»-
position of spoil have been directly correlated
with saltwater intrusion and subsequent physi-
cal loss of habitat. Chapman  I96tf! n<ited that
"deep channels perinit high-sulini ty <v a ters t rum
the sea to penetrate the upper rcaihes of an es-
tuary and disperse throughout its area " bffe<as
of channelization were discussed in the LWFC
Biennial Report 1956-1957 as tolkiw<c "ln recent
times an increasing number of i-anals and deep
water channels with their sp<iil levees ha iv been
cut across the marsh both la tera! Iy and <'ertically
This has resulted in chanyed direitiiin uf «at< r
flow, fandl the damming <if flu<< hv levi<s, and
has greatly increased thv <el<<city iit s,ill water
flow into the marsh and fr< sh wati r f1<iv< thr<iugh
the inarshi s to the sea. Thi net r< iutt h,ts been
drastic increases in salinitv- in sum< are.<i and a
rapid deterioration of priiducti< c mirsh and b iy
conditions" ISt *mant ci al I95g!
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Fly, 3, Area leased fre oyeter culture in the Banataria Basy wea ln 1947.
 Oyeter leases shown in Mack!

tioned to determine which leases on the old
charts were used for seed or transplantlng,

Oysters have been cultured in Barataria Bay
for more than a century. During the late 1800s, the
Barataria Bay oyster fishery suffered tremen-
dously from what appeared to be a combination
of factors. Moore and Pope �9'10! reported that
Barataria Bay oyster beds had been "extermi-
nated by overfishmg coupled with natural
causes." By 1910 the fishery had recovered
somewhat with "oyster reefs located in the
southern half of the bay, the northern half hav-
ing never produced oysters within the recollec-
tion of the inhabitants, probably owing to its low
salinity"  Moore and Pope 1910!. Barataria Bay is
connected to Little Lake  Fig. 2! by Bayou St.
Denis and Grand Bayou. ln 189ft these bayous
were reported as being almost constantly fresh.
At that time, Little Lake was fresh enough to
harbor a continuous population of largemouth
bass  Moore and Pope 1910!.

Year
1975
I PNI-70
1963
1981-03
1959-60
'I 958
'I P57
195 5
1953-54
1951-53
1950

fffersan
Parish
l,alf

902
143
301
449
378
173
43
22
2
0

Laiavr aha
Parals
2,437

P42
428
238
379
2I7
204

0 0 0 0

Total
3.882
1,844

57I
539
828
595
377
43
22

2 0
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Fltt. 4 Area teased for oyster culture in the Barataria Bey area tn t9%

The lower half of Barataria Bay remained the
primary region of oyster culture in Lafourche
and Jefferson parishes through the 1930s and
early 1940s, By 1947, the northern half of the bay
had become a reliable area for natural spatfall.
The holders o  the leases around St. Mary's Point
 Fig. 3J stated that upper bay leases had become
their most valuable private source of seed by the
1950s,

ln 1959, numerous leases were charted in
both upper and lower bay areas, with the most
extensive oyster culture practiced around the
periphery of the bay, where the bottom is firm
enough to support the weight of dense oyster
growth, Water bottoms were also leased in
Grand Bayou and Bayou St, Denis. Lower Little
Lake had begun to produce some seed oysters
during years of low rainfall. A history of acreage
leased fssr oyster culture in Little Lake is given m
Table 3. Thils table should be used w/th Fig. 4 for
an adequate representation of changes in oyster

culture in the Little Lake-Baraiaria Bay complex
during the 1950s and 1960s. Members of the
Barataria oyster industry attnbute a portion of
increased leasing activity in upper bay areas to
the expanding nature of the fishery. as well as
changes tn salinity,

During the relatively low rainfall years of the
late 1960s, natural oyster growth was observed in
upper Little Lake. By1975 Table3!, almost4,000
acres of water bottoms had been leased in Little
I.ake. During years of heavy rainfall, oysters
grown in Little Lake may be killed by prolonged
exposure io low salinity. Such was the case in
1973 and 1975, years of unusually heavy spring
rains.

Northern Barataria Bay, Grand Bayou,
Bayou St. Denis, and Little Lake have become
increasingly dependable areas of natural spatfall
during the past 30 years. This is probably directly
related to the encroachment of saline waters into
the upper end of the Barataria Basin. ln this re-
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spect, saltwater intrusion has been beneficia! to
tfte Barataria Bay oyster Bshery, affording the
fishermen much needed sources of seed. How-
ever, most effects of the gradual but steady in-
crease ln salinity are not quite so advantageous,
increased predation and disease «ccompany the
intruding Gulf waters into prime areas of oyster
culture, where reefs havebeen!aborious!y estab-
lished through several years of planting seed
oysters and cultch.

Furthermore, as oysters are redistributed to
more inland waters, they may be found more
and more frequently in areas present!y polluted
by dome she and in du stria!wastes, This problem
is amplified by mcreased population and indus-
trialization in the coastal zone. v hich serve to
continual!y extend the zone of pollution Gulf.
ward into the estuaries.

ln essence, the oyster industry in Bar*taria
Basin is steadi!y being squeezed between en-
croaching salinity  and the accompa nying preda-

tion and disease probiems! from the vouth and
encrciaching pollution from the north. Oyster
pniduction areas are bring torched further inland
where existence of high coliform ldiimestic sew.
age! levels may tom closure of oyster harvest-
ing, As these two fornax s continue. availability oi
areas suitable for oyster production will decline.
These prob!ems and m«n age ment «!terna tives to
help alleviah them «i!l be discussed in a suh-

Uent report Itl tfi'Is ser!es.



Appendix
Pre!irrrinary studies indicate that salinity at

SL Mary's Point is increasing. We must put
many qualifications on these hndings, but the
bu!«f our reservations concern the extent of
such a rise rather than its existence. In the follow-
ing paragraphs we present some specific
analyses showing this trend as well as other
points of possible interest. All of the data used
was supplied by LWFC,

For the purposes of our initial study we used
only saflnity data at St. Mary's Point and Grand
Terre, The earliest available data are at St. Mary' s
Point and cover the years 1945-!949. with some
gapa. These data were contributed to LWFC by
Dr, Willis G. Hewatt. A second set of data at St,
Mary's Point covers the years 1956 to the present.
fn both the above sets the data consist of regular
sampling, with samples taken inmost cases <mce
each week, The data at Grand Terre extend from
1961 to th» present and were gathered on con-
tinuous recorders. We cannot, of course, recon-
cile this difference in the methods of data gather-
ing at the two sites, and the sporadic nature of
the data at St. Mary's Point must place some
reservations on our findings. We can, hoivever,
make two notes in this regard. First, as we will
cover specifically in fo!!owing paragraphs, some
measure of interna! consistency was apparent in
the St. Mary's Point data, especia!!y regarding
long-term trends. Second, during the current
year LWFC began to record salinity at both St.
Mary's Point and Grand Terre with punched
tape rec<rrders taking readings every hour.
Therefore, our findings here wi!! be subject to
we!corned testing an d updating. We are continu-
ing in-depth study of salinity data, and increas-
ingly it becomes clear that these tw<i locations
offer a valuable contrast in such a study.

For the purposes of investigating the !ong-
term trends, monthly averages vviere used. This
was necessary for the St. Mary's Point data to
have some measure of coherency. Even at this
level some points are averages of only two or
three samples. Furthermore, it appears that
monthly means may be desirable in any case to
gain comparability between different years. The
pr<wesses affecting sa!inity are to a !arge extent
seasona!and to a reasonable extent monthly. For
instance, we cari certainly say with a high degree
of accuracy that we e> pect, in «ny year, to obtain
signi6cantly difterent readings in May and Oc-
tober with the extreme !ike!ih<s<xl that the Oc-
tober readings will be higher. Sufficient com-
parability of a given month from year to year
allows us lo normalire the data so that al! read-
ings are comparable. We have not had time or
data to vigorously demonstrate such sufficiency
in this case, although we used such a normaliza-
tion. and therefore attempted, whenever possi-
bl», to also apply our analysis to a "control" set of
data for comparison.

The most direct method of investigating
long-term trends is to simply flt a straight !ine
varying over flrne to the salinity <tata. This
techniqueisquite valid forthe purpose of detect-
ing either a rise or fall under certain conditions.
We must first have enough data so that our line

conforms to the long-term variances. We do not
have these conditions in this case; we wou!d,
perhaps, if our St. Mary's Point data were com-
p!ete from 1945-1974, However, the fit to the
available data set is significantly influenced by
the inclusion or exclusion of certain portions.
Therefore, we have chosen to look at the period
1961-1974 so that similar ana!ysis can be per-
formed on the Grand Terre salinity data as a
control. Fig. 6 shows the result of such analysis,
The St, Mary's Point data shows a rise of 0.009

pt per month whereas Grand Terre exhibits a
albng of 0.007 ppt per m<mth over the same
period. Due to other analysis, we do not propose
that Grand Terre salinity is appreciably fa!!ing,
but the above fart is at least some indication that
we have not simply chosen a time period of gen-
eral rise in salinity. Th» line depicted in Fig, 6 is
actua!ly only a mean or average over time and is
quite appropriate for this ana!ysis since it can
only represent a simple directed trend. We can
note, as a point of interest only, that if this trend
could be accepted as accurately describing the
trend over a km ger period, it would indi ca te that
mean sabnity at St. Mary's Point stood at approx-
imate!y 6 ppt at the turn of the century.

PitSe unea aa<tlnit!r trends tee!-c974.

ln ~eeking to substantiate the existence of
such trends we examined various possibilihes, ln
either case a year or two of sailinities that deviate
significantly from the norm would account for
these results by chance, assuming such devia-
tion was in the right dire<'tion and in the proper
half of our data set. Furthermore, the processes
that affect the two I<<rations are to some extent
dissimilar, and it is possible that one of these
accounts for our result. Fina!ly, there is the pos-
sibility that the results are so small as to occur by
chance in any case, or as a normal long period
fluctuation.

ln order to examine the possibility of un-
usual occurrences in the data, we romp«ed for
each month, a mean and standard deviation over
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the period of years studied We then expressed
each sa!inity reading as a function of its derdation
from the mean. This procedure reduced our data
to a uniform, comparable set and singled out any
unusual readings. For each month we then had a
data set v ith a mean oF zero and a standard
deviation of one, and similar statements will be
true for the entire set, An interesting result was
thus obtained. At St. Mary's Point the largest
negative fluctuation  relatively low reading! oc-
curred in the eleventh month of the tenth year
�970! and the largest positive fluctuation  rela-
tive!y high reading! occurred in the third month
of the third year �963k These values are -2.414
and 1.941, respectively, and it can be seen that
not only are these values  and thus the entire
range! reasonable, but the lower extreme is actu-
agy signihcantly greater than the upper, ln fact,
we may go further and examine a histogram of
the va!ues as opposed to a normal curve. In this
case  Fig, 7! the largest nu mber of readings occur
in the range 0 to +0.2 with 22 readings. The next
!argest interval is -0.2 to -0.4 with 14 readings,
foHosved by the interva! 0.2 to 0.4 with 13 read-
ings, These figures give considerable support to
the validity of the apparent rise m sa!inity over
the period.

The largest deviations at Grand Terre are
-2.415 in the eleventh year and +2.091 in the
third year, The histogram reveals a more spread
pattern having 16 values in both the ranges -0.2
to -0.4 and 0.4 to 0,6 with 15 values in the range
0 to -0,2. Again, in this case, the apparent fall is
not caused by the extremes but rather by the bulk
of data occurring at values only slightly different
from the means, ln both cases, the lack of con-
forinity to tbe "bell curve" iHustrates our deh-
ciency of data.

We also performed a !inear ht to this ad-
justed data with expected results. The St. Mary' s
Point data showed a rise of 0.0014 units per
monlh, while Grand Terre showed a fall of
0.0025 units per month. The units here are in
terms of standard deviation of the month in
which the data FaHs. The agreement between
those and earlier figures is significant, because it
is independent of the actual level of salinity.
Using the actual salinity data, the fit  or mean!
can be weighed in favor of differences in the
higher salinities. Therefore, we stress that tbe
agreement rather than certain values are of im-
portance here.

To further test the meaning of these results,
we also analyzed rainfall and river discharge for
the same period. Rainfall showed a rise of 0.0002
units per month, only 10 percent of tbe mag-
nitude of either of the above salinity changes and
iHustrative of the smail size of our data set, as
inost readings were below average while one
was +3.15. This data conForms !east to the be 0
shape as illustrated in Figure 7. River discharge
showed a rise of 0.007 units per month, the
!argest figure of aH, and somewhat skewed Fmrn
the bell curve. It is quite conceivable that either
the increasing river discharge or its causative
forces are responsib!e for the fail in salinity at
Grand Terre. Further efforts are being made to

study the possible relationship in some detail.
Finally. when the enhre set of St. Mary' s

Point salinity data was pnicessed in this manner.
the result was a rise rate of 0.003 units per month
 a higher rate than the reduced set! with normal
histogram values. The river from 1945 through
1974 showed a fall rate o�.0005 units per month;
the discrepancy between this and the earlier Fi-
gure again illustrates the deficiency of data.

7 fttatntarnrna Of nnrinatlzait datn



We wish to address a final point indicated by
the above and possibly more revealing in a quan-
titative tnanner, We cannot, at this time, identify
and remove aH of the processes other than intru-
slort affecting salinity st St. Mary's Point and
Grand Terre and cannot, therefore, directly rhea-
sure the intrusion. However, whatever these
processes ate, and whatever the actual effect of
intrusion, we can note that Grand Terre is e ssen-
haHy a coastal point whereas St. Mary's Point is
acnoss a bay from Grand Terre. We can then ask
to what extent SL Mary's Point salinity is similar
to that at the ooastal point and what trends, if
any, exist. By asking to what extent they are
subject tu identical influences, we can then dis-
regard, to a certain extent, the exact nature of
these influences.

To this end we formed a data set whose
elements were the ratioof St. Mary's Point salin-
ity to G rand Terre salinity. Since our earlier dis-
cerned trends were falling salinity at Grand Terre
and rising salinity at St, Mary's Point, we could
certainly expect the ratio to rise over the time
period, as it does �.036 percent per month!.
However, in a utomaticaHy comp ling plots of our
various parameters under study we were struck
by a comparison of the ratio vs, St. Mary's Point
salinity and the ratio vs. Grand Terre salinity,
These plots are shown in Fig. 8, A distinct pat-
tern exists in the former plot, showing that the
ratio is relatively high only when salinity at St.
Mary's P~int is also relatively high and corres-
pondingly low only when St. Mary's Point salin-
ity is also low. There are no significant deviations
to this relationship, However, a glance at Fig. 8
reveals that low salinity at Grand Terre is not a
contributor tei a high rahu. The comparison is
striking, as is the former figure itself. ln fact, we
also found a line ar  it of the ra ti o t<s a combination
of time and St. Mary's Pixnt salinity. Such a
doubling of independent variables would nor-
magy produce a significantly better fit in any case
since it can only improve, the Htting mechanism
having the ability to simply reject the new van-
able. The'. results were interesgng in every re-

spect, We found a raho of change due to time
alone of 0.049 percent per month, and to salinitv
alone of 0.337 percent per month, but with the
dependency on sabruty level decreasing by
0. 0002 percent per month. The latter is a signifi-
cant figure since it indicates a lessening, depen-
dency as St. Mary's Point salinity approaches
that of Grand Terre. Originally the knear Fit o 
time to ratio values had produced a starting
mean of 62.1 percent, and, as noted, a rate of
change of 0.036 percent per month. Fithng time
to ratio values computedusing the above model,
the comparable values were a starting mean of
62.6 percent and an identical rate of change of
0.036 percent per month. The closeness of these
figures was not expected. ln either case they
suggest that salinity at St. Mary's Point wiH be
approximately the same as that at Grand Terre in
100 years if the trend gi ven by the data continues.

The above trends indicate that the rise in
salinity at St. Mary's Point and the rise in the
ratio uf Sl. Mary's Point salinity to Grand Terre
salinity are uniform over the period whereas the
faH of salinity at Grand Terre is not. The fag in
Grand Terre salinity also corresponds to a rising
period of river discharge while no such corres-
pondence was found at St. Mary's Point. Furth-
ermore, it should be remembered that the rise at
St, Mary' s Point consisted largely, if not entirely,
of a large number of points slightly exceeding the
mean, rather than a few points glaringly exceed-
ing mean values for the penod.

Returning to Fig. 6, the accumulation of re-
sults of our analyses rather than any one set of
figures causes us to suggest that, while the appa-
rent drop of salinity at Grand Terre is probably
due to normal fluctuations, the upward slope of
the line depicting the mean over time of St.
Mary's Point salinity is very likely due to a smaH
but persistent rise in salinity at the station, The
actual amount of the rise is probably not suf6-
ciently accurately determmed by such a rela-
tively srnaH data set, but the data are surprisingly
consistent in this one respect.

fi+, fk Saffeeensy vs. ssfinay rate comparison.
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