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Abstract

The volume of freshwater introduced into Louisiana's coastal zone during 1973,
both by rainfall and river discharge, was the highest recorded since 1940. Selected
nutrients (ammonium-N, [nitrate + nitrite]-N, phosphate-P, and dissolved silicate),
organic-N, and salinity were measured in Louisiana coastal waters from the mouth
of the Mississippi River to Caminada Bay during four sampling trips in 1973.
Three of these sampling trips coincided with high river discharge, and the last
sampling effort occurred during low river discharge. Resultant data showed the
tremendous influence of the Mississippi River on nutrient concentrations in the coastal
waters adjacent to the river mouth. River waters contributed large amounts of NOi,
dissolved SiO*, PO^ and organic-N to the Gulf of Mexico. Waters in the upper estu
aries of Caminada and Barataria Bays were characterized by high NHJ levels
relative to the nearshore waters. During the low discharge period of the Mississip
pi River, nearshore waters were dominated by nutrient depleted seawater. Inor
ganic nutrients and organic-N levels in the bays and adjacent nearshore waters were
higher than at the river mouth during the low discharge period. The primary source
of nutrients to the bays during low river discharge is the surrounding marshes. The
estimated combined weight of (NOi -f- NOi) -N, PO^-P, dissolved Si02, organic-N, and
organic-C emptied into the Gulf by the Mississippi River between January and July
1973 was 12.9 billion kilograms (28.4 billion pounds). Nutrient contribution by the
Mississippi River undoubtedly accounts for the high production of fisheries in this
region of the Gulf.
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Introduction

Louisiana coastal waters influenced by nutri
ents discharged by the Mississippi River system
(including the Atchafalaya River) are among the
most productive fishery areas in the United
States. Gunter (1967) extended a line from Mo
bile Bay westward around the mouth of the Mis
sissippi River to Sabine Lake and designated the
circumscribed area as the "Fertile Fisheries Cres
cent." The discharge of the Atchafalaya River,
which receives large quantities of Mississippi Riv
er water north of Baton Rouge, influences most
of southwestern coastal Louisiana. The main
stream of the Mississippi River spreads its wa
ters over much of southeastern coastal Louisiana.

The area investigated during this study was
limited to Caminada and Barataria Bays and the
near offshore waters between these bays and the
mouth of the Mississippi River at Southwest
Pass (Fig. 1A). This area, as compared to other
regions equal in size, is probably the richest in
both volume and variety of natural resources
within the United States. Sulphur is mined in
the area and hundreds of oil and gas wells are
located both inshore and offshore. Private and
charter boats fish these waters year-round, and
deep sea sport fishing is exceptionally productive
south of the Mississippi River mouth. The area
produces great quantities of commercial and sport
fish and supports a large oyster industry. Other
major seafood production in the area includes
crabs and shrimp. Since 1970, the annua] catch
of shrimp alone has exceeded 9 million kilograms
(20 million pounds) in the area from Caminada
Bay to Southwest Pass.

Riley (1937) found that the high chlorophyll
content, which is indicative of phytoplankton pro
ductivity, near the Mississippi River mouth cor
related well with the large amount of nutrients
supplied by the river. He reported that the con
centration of PO^-P (about .016 mg/1) was 4
times higher than that of sea water in the vicin
ity. In a recent study by Alberts (1970), a much
higher concentration of PO^-P (0.086 to 0.128
mg/1) was reported near the Mississippi River
mouth. He concluded that this river is a major
contributor of P to the Gulf of Mexico with an
estimated input of 1.4 x 10a mg/sec with a river
flow rate of 1.78 x 1071/sec.

With the exception of work by the Louisiana
Wildlife and Fisheries Commission in 1968 and
1969, there are few comprehensive studies con
cerning organic and inorganic-N concentrations
and their distribution in the coastal waters of the

Gulf of Mexico. The results of the Commission's

work showed that NOi-N concentrations in areas

influenced by the river was directly related to
the volume of river discharge. During high Mis
sissippi River discharge, most frequently occur
ring during the spring, much of the fresh river
water flows westward along the coastline and
enters the bays through passes open to the Gulf.
The distribution of nutrients emptied into the
Gulf by the Mississippi River depends primarily
on the amount of discharge and the prevailing
nearshore currents. (Barrett et al., 1971).

Analyses of waters collected during a previous
investigation at Southwest Pass in February 1972
(Ho, 1972) showed high concentrations of NOi-N
(1.8 mg/1), but low NHt-N levels (less than 0.06
mg/1). Concentrations of PO^-P and dissolved
Si02 were also high (0.07 mg/1 and 5.0 mg/1,
respectively), and salinity was low (less than
1 %o). The NOi-N enriched river water is charac
teristic of the drainage from agricultural lands
as a result of washout of fertilizers and feedlot
wastes (Willrich and Smith, 1970; Kohl et al.,
1971). The distribution pattern of nutrients dis
charged by the river, especially nitrogenous com
ponents (organic and inorganic) and their pro
portions in the nearshore waters west of South
west Pass and associated estuaries (Caminada
and Barataria Bays), have not been investigated
in relation to the amount of water discharged.
This lack of basic information prevents any real
istic assessment of the true impact of the Missis
sippi River on coastal Louisiana.

The adverse effects of excessively high inputs
of inorganic nutrients into natural environments,
especially the highly productive estuarine sys
tems, have been reported by many investigators,
but such studies are limited in Louisiana estu
aries. The photosynthetic activities or production
of organic matter by phytoplankton in surface
waters are accompanied by assimilation of inor
ganic nutrients from surrounding water. There
fore, the availability of these nutrients, espe
cially N and P, most frequently controls and lim
its production of organic matter in aquatic en
vironments. Ryther and Dunstan (1969) reported
that Long Island bays, (1-2 m in depth) have a
hard sandy bottom and traditionally supported
a productive fisheries of oysters and hard clams.
Introduction and growth of the duckling industry
in this area resulted in organic pollution of the
bays and subsequent development of dense algal
blooms in the bay waters to the detriment of the



Figure 1A. Sampling locations in the nearshore zone.



shell fisheries. Phosphate distribution (max. con
centration = 0.217 mg/1) was roughly coincident
with that of phytoplankton in Long Island Bay.
A similar correlation between chlorophyll-a and
phosphorus in surface waters has been reported
by Bartsch (1972) in Lake Minnetonka located
in Minnesota. Hopkins et al. (1971) found that
the Alafia and Manatee Rivers in Florida were

high in nutrients and pigment concentrations,
whereas the Waccassassa and Crystal Rivers,
also located in Florida, have low pigment but in
termediate nutrient levels. The direct relation

ship between pigment and nutrient levels was also
identified in a water mass associated with the

loop current in the Eastern Gulf of Mexico. These
observations indicate the relationship between
phytoplankton production as shown by pigment
levels and the amount of available nutrients in

a given environment. Humm (1973) reported
that a variety of blue-green algae and sea lettuce
in response to excessive concentrations of land
nutrients becomes conspicuously abundant in some
areas of the eastern Gulf of Mexico, especially
during late winter and spring. The subsequent
decay of algae and sea lettuce often causes anae
robic conditions resulting in fish kills. This decay
occasionally results in the release of large quan
tities of H*S which is toxic to benthic organisms
when water exchange is slow. In Tampa Bay, the
quantities of algae that develop each year are a
product of added nutrients from sewage effluents
discharged into this bay. Serruya( 1971) attrib
uted the winter algal bloom (December-May) in
Lake Kinneret, Israel, to the active nutrient-
supplying capacity of sediments and probably to
the peak NOi input from the River Jordan. Dur
ing this period, phytoplankton cell concentrations
reached 4000/ml. For nine months of the year,
this lake was under anoxic conditions, and the
water column above the mud was rich in sulfides,
NHa, and CO*. The close relationship between
organic-N in surface sediments and inorganic
nutrients associated with the overlying water

column has been established in some of the salt,
brackish, and freshwater marshes as well as
swamp forests in Louisiana's coastal zone (Ho
and Schneider, 1974). Thomas (in Hayes, 1964)
made an interesting comparison in three Swiss
lakes between O2 decline during the summer in
the stagnant depths and the measured 0* con
sumption in the laboratory of falling sediments
collected on a submerged surface. The two esti
mates of oxygen decline were similar, suggesting
that the amount of O2 which disappeared from
the lake was used up in the decomposition of fall
ing organic matter during the period of study.
Richards and Redfield (1954) found an inverse
relationship between organic content of the sedi
ments and oxygen content of the overlying water
in the northwestern Gulf of Mexico. These obser
vations imply that depletion of dissolved oxygen
could take place in other aquatic environments
where organic matter is high and water exchange
is slow, such as the coastal waters of Louisiana
adjacent to the mouth of the Mississippi River.

The objectives of this investigation were three
fold: 1) to determine the concentration and dis
tribution of the major available nutrients emptied
into the Gulf of Mexico by the Mississippi River
at various discharge stages; 2) to assess the im
portance of nutrient supply sources other than
the Mississippi River, especially in estuarine sys
tems; and 3) to provide basic information for
future assessment of the Mississippi River's im-.'
pact on fisheries production in the Gulf of Mexico
and estuarine systems influenced by the river.

River discharge data used in this report were
taken from "Stages and Discharges of the Mis
sissippi River and Tributaries and other Water
sheds in the New Orleans District," 1940-1973,
published by the U. S. Army Corps of Engineers.
The source of rainfall data was "Climatological
Data" - Louisiana, 1956-1973, published by the
U. S. Department of Commerce, Environmental
Data Service.

Procedures

FIELD SAMPLING

Water samples were taken at 10 stations in
Caminada Bay and at 12 stations in the adjacent
offshore waters. These offshore stations consisted
of three transects of four stations each (Figs. 1A
and IB). Water samples were collected in Janu
ary, March, May, and September, 1973. Sampling

was extended to include Barataria Bay during
the March, May, and September trips, and to the
nearshore zone between Quatre Bayou Pass and
the mouth of Southwest Pass in May and Sep
tember. Bay waters were shallow (less than 1.5
meters [5 ft] average depth), and since vertical



GULF OF MEXICO

'Caminada Pass

Figure IB. Sampling locations in Caminada and Barataria Bays. For purposes of this paper, all sta
tions designated by white numbers are considered to be in Barataria Bay and those with black num
bers are in Caminada Bay.



stratification was not distinct, only surface wa
ters were analyzed. Water depths in the offshore
area ranged from 4 to 12 meters (14 to 40 ft),
and stratification, especially during high river
discharge and low wind velocity, was pronounced.
Both surface and bottom waters at the offshore

stations were collected for analyses.
All surface water samples were taken by dip

ping a 500 ml glass bottle by hand to a depth of
15 cm (six inches) below the surface. A Van
Dorn sampler was used to take bottom water
which was then transferred to a glass bottle. All
water samples were preserved with 5 ml of
chloroform, placed on ice during transport, and
stored at 4°C in the laboratory. It has been recog
nized that this method of preservation is not ideal
for preventing changes in concentrations of
NHT-N, P07-P and (NO; + NO;)-N from then-
initial levels at the time when samples were tak
en. Concentrations of these components tend to
increase under this method of preservation due
to cell destruction. Quick freezing by dry ice has
been advocated to be the best method for long-
term preservation because of high stability of
these nutrients under freezing conditions. This
may be true, but it does not rule out the fact that
rupture of living cells followed by enzymatic hy
drolysis of organic components and subsequent
release of NHT and PO?5 may also occur. Conse
quently, the concentration of nutrients preserved
by freezing may not represent their initial levels.
Filtration has been used to remove living cells
and organic detritus so that release of NHT and
POV from lysis may be avoided. However, our
tests have shown that filtration invariably con
taminates some components such as NHl and re
moves other components (e.g., PO^-P). The error
resulting from filtration may be significant, par
ticularly when very low concentrations of the nu
trients NHT and P07-P are involved. It is regret-
able that this aspect of sample handling has been
consistently ignored by those who have adopted
filtration as one of the required processes of wa
ter analysis. In spite of the potential drawback
of chloroform as a preservant, meaningful rela
tive values of nutrients (NHT, NO? + NOI, and
POT1) can be obtained if water samples are con
sistently treated the same way and analyzed with
in a short period of time after collection. All
samples taken for the present investigation were
analyzed for NHT, NO;, and PO;3 within 3 to 7
days after collection. Concentration of nutrient
components under natural conditions may fluc
tuate to a great extent depending on such factors
as river discharge, marsh runoff, upwelling and
mixing of bottom waters by wind and tidal ac
tion, release from decomposition of organic detri

tus in the water column, etc. Therefore, measure
ment of absolute values of nutrients at a given
instantaneous moment was not attempted in this
investigation.

ANALYTICAL METHODS

Ammonium-N: Twenty-five ml of water sample
was pipetted into a 100 ml distillation flask
which contained about 0.05 g MgO. The contents
were steam distilled for 3 minutes at a distilla

tion rate of 6.5 ml per minute. The distillate was
collected into a 50 ml volumetric flask containing
1 ml 0.1 N HC1 to absorb the NHT. The MgO used
was reagent grade light MgO ignited at 800°C
for 2 hours. No difference was found between the

light and heavy MgO insofar as the recovery of
NHT is concerned. Repeated tests showed that the
recovery of NHT was the same regardless of
whether redistilled water or seawater was used

as the medium. Therefore, the distillation pro
cedure can be successfully applied to both fresh
and seawater analyses. Furthermore, separation
of NH4+ by steam distillation eliminates practi
cally all substances that may subsequently inter
fere with spectrophotometric measurement, and
correction for background of each sample is not
necessary.

(Ammonium -j- nitrate + nitrite)-N: Twenty-
five ml water sample containing not more than
0.02 mg (NO; + NO;)-N was pipetted into a 100
ml distillation flask. About 0.3 g Devarda's alloy
powder (<100 mesh) and 0.3 g MgO were added
to the sample. The mixture was immediately dis
tilled for four minutes. The NHi-N was measured
spectrophotometrically using a procedure by
Strickland and Parsons (1965) and Truesdale
(1971) which was modified by our laboratory.
In this modified procedure, 0.25 ml Chlorox, con
taining not less than 1.24 N NaOCl, and 0.4 g
NaBr in 5 ml of 4 N NaOH was used to oxidize
NHT to NO; in 30 minutes. Excess NaOCl was
destroyed by addition of 1 ml Na-arsenite after 5
minutes. The NO; was complexed with sulfanila
mide at a pH of 0.45; 6.5 ml of 50% HC1 by vol
ume is required for the acidification. After 5
minutes, 1 ml of N- (l-naphthyl)-ethylenediamine
dihydrochloride solution was added for color de
velopment. Color was measured at 543 m/x after
15 minutes. This modified procedure requires less
time as compared to the original Strickland and
Parson's method, and reproducible results are ob
tainable. A standard containing 20 jxg of NHT-N
or NO;-N in 25 ml of water and a corresponding
blank for NHT-N or NO;-N must be run with
each batch of samples. To reduce the blank read-



rag for NO^-N determination, it is advisable that
the ground Devarda's alloy powder be heated at
120-150°C for one hour in an open dish (Goiter-
man, 1971) and then stored in an air-tight glass
container.

Kjeldahl-N: Twenty-five ml water sample was
pipetted into a 100 ml distillation flask; 1 g cata
lyst (made with fine powder of K=SO<, CuSO-. and
Se at a ratio of 10:1:0.1) was added, followed by
3 ml concentrated reagent grade HiSO«. The mix
ture was digested on a micro-Kjeldahl rack for 1
hour after clearing at 375°C. Complete recovery
of N occurs within 30 minutes digestion after
clearing. The digest was steam-distilled with 13
ml 10 N NaOH for 4 minutes using the apparatus
described in Bremner (1965). The distillate was
collected into a 25 ml volumetric flask containing
1 ml 0.2 N HC1. NHT was measured spectrophoto-
metrically 15 minutes after the addition of Ness-
ler's reagent. The workable range of NHT-N con
centration should be 0.5 to 2.5 fxg/m\ when a 1 cm
cell is used. Sample dilution must be made when
NHT-N concentration exceeds 2.5 {xg/ml, lest col
loidal precipitation should occur. When NHT-N
concentration is below 0.5 /xg/ml the more sensi
tive oxidation procedure described above is recom
mended.

Phosphate-P: A modified method from Strick
land and Parsons (1965) was used. A 100 ml wa
ter sample containing about 2.5 to 25 /xg PO^-P
was pipetted into a 250 ml separatory funnel.
Samples less than 50 ml must be made up to a
100 ml volume with distilled water. Five ml of 25

percent HaSO* was added followed by immediate
addition of 4 ml NHT-molybdate solution. The
phosphate and molybdate were allowed to react

for 5 minutes; the phosphomolybdate complex
was then extracted with 18 ml ethylacetate by
shaking the mixture gently. If the organic and
aqueous layers did not separate, addition of a
few drops of acetone cleared the separation. The
aqueous layer was drained and discarded. Four
ml freshly prepared ascorbic acid was added to
reduce the phosphomolybdate complex. This was
followed by addition of 2 ml potassium antimonyl
tartrate. The mixture was shaken well, and the
two layers were again allowed to separate. The
aqueous layer was again discarded. The final blue

organic portion was collected into a small cylinder
for measuring. A standard solution containing
10 to 20 fig POt'-P and a blank was run simul
taneously in the same manner. The color inten
sity was measured at 710 m/x on a spectrophoto
meter after a 15 minute color development.

Total-P: A 100 ml sample was pipetted into a
250 ml evaporating dish and the water was evap
orated at 105°C. The residue was ignited at
550°C for 2 hours to convert organic-P to inor-

ganic-P which was then dissolved with 5 ml of
25 percent H«SO« on a steam bath. Complete dis
solution takes less than two hours. The content

was transferred into a 250 ml separatory funnel,
and the extraction of phosphate was made as de
scribed above.

Dissolved silicate: The procedure of Strickland
and Parsons (1965) was followed.

Salinity: Chlorinity was measured by titrating
with a standard solution of AgNOs (0.1N) using
K-chromate as indicator (Strickland and Parsons,
1965). Salinity was calculated according to the
formula of S %0 = 0.030 + 1.805 CI %«,.

Distribution of Nutrients During Various
Discharge Stages of the Mississippi River

Extremely high water occurred in coastal Lou
isiana during 1973. Between 1956 and 1972 an
nual Louisiana coastal rainfall averaged 147 cm
(57.9 in), ranging from 109 cm (43 in) in 1962
to 182 cm (71.5 in) in 1961. Coastal rainfall dur
ing 1973 was 190 cm (74.8 in) with heaviest pre
cipitation occurring during March, April, and
September. Between 1940 and 1972 the annual
average discharge of the Atchafalaya River mea
sured at Simmesport, Louisiana, and the Missis
sippi River measured at Tarbert Landing, Mis
sissippi was 5500 and 13,000 mVsec (194,000 and
463,000 cfs), respectively. During this time pe
riod, annual average discharge of the Atchafa

laya River ranged from 2700 m'/sec (95,000 cfs)
in 1954 to 7500 m'/sec (264,000 cfs) in 1945, and
the Mississippi River ranged from 7600 m3/sec
(268,000 cfs) in 1963 to 20,000 ma/sec (700,000
cfs) in 1950. Annual average discharge of these
two rivers in 1973 was 10,800 m3/sec (381,000
cfs) for the Atchafalaya River and 20,800 m3/sec
(735,000 cfs) for the Mississippi River.

The 1973 average monthly discharge of the
Mississippi River measured at Tarbert Landing,
which is approximately 480 km (300 miles) up
stream from the river mouth, and the monthly
coastal rainfall in Louisiana are presented in
Figures 2A and 2B. Not all waters of the Mis-
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sissippi River were discharged at its mouth dur
ing 1973. The Morganza and Bonnet Carre Spill
ways funneled part of these waters into Lake
Pontchartrain and the Atchafalaya River. Also,
there were many crevasses in the Mississippi
River levee below Point-a-la-Hache during 1973
which diverted large quantities of river water
into Breton Sound. The extremely large amount
of freshwater introduced into the coastal zone
during 1973, both by rainfall and river discharge,
brought about drastic changes in this area. Some
of these changes measured during the four sam
pling periods were: reduction in salinity, drastic
increase in nutrient concentration, and changes
in nutrient composition. However, after effects
on ecosystems due to introduction of large
amounts of nutrients and organic matter are not
well known.

The results of water analyses from the four
sampling trips in 1973 are discussed below. Be
cause of the unusually large amount of fresh
water introduced into Louisiana coastal areas

during 1973, nutrient concentrations and their

distributions during this year should be consid
ered extreme rather than representative of aver
age.

January 17,1973—Caminada Bay and the
Adjacent Offshore Area

Sampling locations are shown in Figures 1A
and IB and the nutrient concentrations are pre
sented in Tables 1 and 2. The distribution of nu
trients at selected stations in Caminada Bay and
the adjacent nearshore zone with distance from
the Mississippi River mouth is shown in Figures
3A and 3B. The tide was rising during the sam
pling period of January 17, ranging from 25 to
69 cm (10 to 27 inches) above msl (mean sea
level). The December 1972 and January 1973
Mississippi River discharges of 22,200 mVsec
(784,000 cfs) and 25,900 m3/sec (913,000 cfs),
respectively, were the highest for these months
in the past 33 years. December 1972 rainfall was
above average but January 1973 rainfall was
slightly less than average (Fig. 2B).

Table 1

Nutrient Distribution in Caminada Bay (January 17,1973)

Sample
Location*

NHJ-N (NO?+NO?)-N Org-P Diss.

Si02

Salinity

CI 0.011 0.050 0.860 0.006 0.028 1.67 19.0

C2 0.017 0.022 0.600 0.008 0.024 1.70 20.8

C3 0.035 0.066 0.074 0.027 0.010 2.96 14.6

C4 0.032 0.026 0.230 0.011 0.040 1.94 20.3

C5 0.021 0.014 0.420 0.015 0.033 1.71 15.9

C6 0.005 0.014 0.279 0.013 0.036 2.61 13.6

C7 0.009 0.008 0.194 0.010 0.021 2.16 20.6

C8 0.014 0.010 0.889 0.018 0.019 2.10 9.8

C9 0.028 0.059 1.155 0.017 0.022 2.19 13.9

C10 0.004 0.004 0.538 0.011 0.027 1.75 19.6

0.018 0.025 0.524 0.014 0.026 2.08 16.8

♦The C prefix denotes Caminada Bay.
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The variation between salinities in Caminada
Bay and the near offshore zone suggests that wa
ters in these two areas were not well mixed. Bay
salinities decreased southward from 20.3 %o at
Station 4 to 14.6 %0 at Station 3. Nearshore salin
ities decreased eastward from 14.0 %o at Station
1-1 to 6.5 %o at Station 4-1. Low salinity near-
shore waters were the result of dilution from ex
ceptionally large amounts of freshwater dis
charged by the Mississippi River into the Gulf.
These waters were characteristically high in
(NOI + NOi)-N but low in NHt-N. The inverse
relationship between (NOi -f NOi)-N and salin
ity is shown in Figure 3A. Low salinity in Cam
inada Bay at Station 9 as compared with Sta
tion 4 is the result of relatively freshwater marsh
drainage. Dissolved SiO* and P07--P were lowest
at the highest salinity station (Station 4) and
highest at the lowest salinity station (Station
4-1). However, the inverse relationship of S1O2
with salinity was not as consistent as the rela
tionship of salinity with (NOi + NOi)-N and
PO4VP because dissolved Si02 may have been re
moved from solution by suspended clay particles.
Nutrient enriched river waters apparently did
not reach beyond the southern part of Caminada
Bay as indicated by high salinities and low nu
trient concentrations in the center of the bay.
Water quality at Station 9 near the marsh dif
fered from that in the center of the bay and the
nearshore zone in that SiO* and PO?-P at Station

9 were much lower than in the nearshore area
but higher than in the center of the bay. Dis
solved organic-N was highest at Station 9 as com
pared to all other stations (Fig. 3B). These dif
ferences in water quality indicate that the marsh
es rather than the Mississippi River played the
dominant role in influencing nutrient concentra
tion and composition at stations near the marshes
in Caminada Bay during this time period. The
entire nearshore zone, especially east of Cami
nada Pass, was enriched with inorganic nutrients
such as (NOi + NOi), SiO*, and POT5 discharged
by the Mississippi River. In spite of high inor
ganic nutrient concentrations in near offshore
areas, these nutrients, with the exception of
NHtN, remained relatively low in Caminada Bay
(Table 1). The average value of (NOI -f NOi)-N
from 10 stations in the bay was more than 10
times lower than that of the average surface
nearshore waters (0.025 and 0.282 mg/1, re
spectively), but average organic-N was about 4
times higher in the bay than in nearshore waters
(0.524 and 0.167 mg/1, respectively). These re
sults suggest that the inorganic nutrient input
from the Mississippi River into Caminada Bay
from a westerly nearshore flow was not substan

11

tial during this time. The water areas nearest the
marshes in Caminada Bay, especially the north
ern and western areas, were influenced predom
inantly by water draining from the marshes,
canals, and bayous as evidenced by low salinity
and (NOi + NOi)-N and high dissolved organic
-N.

Stratification of salinity and nutrients in the
nearshore waters was evident (Table 2). Salinity
generally was higher in bottom waters than in sur
face waters. The smallest salinity variation be
tween top and bottom waters occurred at Station
4-1 which was influenced by the Mississippi River
more than other stations. (NOi -|- NOi)-N was
inversely proportional to salinity but was gen
erally lower in bottom waters. (NOi -f- NOi)-N
and PO^-P levels in bottom water at Station 1-1

(offshore from Caminada Pass) were higher than
those at the surface, whereas the opposite was
true at other nearshore stations. The inversion of

nutrient-enriched surface water to the bottom

near Caminada Pass could be caused by the so-
called inversed current located in the Caminada

nearshore region (U.S. Army Corps of Engineers,
New Orleans District, 1971). The occasionally
high organic-N in some of the nearshore bottom
waters may have been caused by the inclusion of
some surface sediment when the water samples
were taken.

March 29,1973—Caminada and Barataria Bays
and the Adjacent Near Offshore Area

Nutrient levels in Caminada and Barataria

Bays along with adjacent nearshore stations are
shown in Tables 3 through 5. The pattern of nu
trient changes at selected stations in Caminada
Bay and its nearshore area with distance from
the Mississippi River mouth are shown in Fig
ures 4A and 4B. The tide was rising during the
sampling period of March 29, 1973 ranging from
53 to 69 cm (21 to 27 inches) above msl. The mean
Mississippi River discharge during February
1973 was 24,200 m3/sec (853,000 cfs) whereas,
the February mean since 1940 is 16,500 m3/sec
(582,000 cfs). The March 1973 mean Mississippi
River discharge was 22,400 mVsec (794,000 cfs)
and the mean for this month since 1940 is 19,300
m'/sec (684,000 cfs). Coastal rainfall during
February 1973 was 8.6 cm (3.4 inches), which is
slightly less than average; however, the 25.6 cm
(10.1 inches) which fell in March of 1973 was
the highest March rainfall of record (Fig. 2A
and2B).

Wind velocity was high during this sampling



period. Distribution patterns of salinity and in
organic nutrients in Caminada Bay and its near
offshore waters were similar to those in January,
although concentrations differed due to vertical
mixing by winds. Salinities at stations near the
upper marshes in Caminada Bay were lower
(12.0 %o) than during January (13.9 %0) which

may be attributed to dilution effects by the ex
tremely high rainfall in March. Salinities in near-
shore surface waters were uniform (about 16 to
16.8 %o) but were much higher in March than
during January. The higher nearshore surface
salinities in March relative to those in January
are probably due to an increase in vertical mix-

Table 3

Nutrient Distribution in Caminada Bay (March 29,1973).

Sample
Location*

NHi-N (NOI+NOI)
-N

CI 0.071

C2 0.096

C3 0.071

C4 0.122

C5 0.113

C6 0.113

C7 0.140

C8 0.088

C9 0.051

CIO 0.108

Average 0.098

"The C prefix denotes Caminada Bay.

0.038

0.111

0.197

0.089

0.111

0.222

0.116

0.140

0.053

0.051

0.113

Org-N PO^-P

(mg/1)

0.675

0.618

0.280

0.358

0.459

0.238

0.214

0.405

0.585

0.385

0.422

0.003

0.014

0.035

0.022

0.007

0.015

0.019

0.004

0.004

0.005

0.013

Org-P

0.004

0.021

0.038

0.064

0.037

0.034

0.041

0.061

0.039

0.064

0.040

Table 4

Nutrient Distribution in Barataria Bay (March 29,1973).

Sample
Location*

NH3-N (NOI+NOI)
-N

Bl 0.066

B2 0.O38

B3 0.043

B4 0.050

B5 0.057
B6 0.057

B7 0.063

B8 0.047

B9 0.038

BIO 0.057

Bll 0.072

B12 0.052

B13 0.054
B14 0.043

B15 0.011

B16 0.084

B17 0.102
B18 0.122
B19 0.092
B20 0.068
B21 0.084
B22 0.121

Average 0.065

*The B prefix denotes Barataria Bay.

0.261

0.285

0.208

0.247

0.220

0.250

0.231

0.180

0.190

0.240

0.284

0.336

0.329

0.198

0.148

0.201

0.218

0.305

0.384

0.375

0.297

0.300

0.259

Org-N

— (mg/1)

0.308

0.325

0.373

0.824

0.317

0.036

0.297

0.208

0.282

0.224

0.106

0.166

0.281

0.374

0.349

0.344

0.326

0.639

0.780

0.605

0.333

0.438

0.338

12

P07-P

0.005

0.030

0.026

0.034

0.028

0.028

0.029

0.027

0.024

0.031

0.027

0.037

0.036

0.015

0.005

0.026

0.026

0.027

0.020

0.019

0.022

0.023

0.025

Org-P

0.049

0.005

0.048

0.024

0.010

0.021

0.000

0.013

0.036

0.016

0.042

0.029

0.031

0.049

0.052

0.033

0.048

0.036

0.044

0.038

0.004

0.029

0.030

Diss.

Si02

1.65

1.40

1.98

1.88

1.66

2.09

1.76

1.60

1.46

1.37

1.69

Diss.

SiOs

1.70

2.37

2.37

2.00

1.71

2.34

2.22

2.28

2.32

2.70

2.31

2.84

2.57

1.99

1.90

1.80

1.94

1.09

2.32

2.13

2.30

2.08

2.15

Salinity

(%o)

16.4

20.0

18.2

22.4

14.4

12.4

21.3

11.9

12.0

17.6

16.7

Salinity

<*)

23.5

15.3

16.1

15.0

16.3

15.5

15.2

16.3

16.0

15.2

15.0

12.2

12.2

15.3

12.3

6.4

5.6

4.1

8.0

8.0

17.1

14.8

13.4



Nearshore

Sample
Location

Table 5

Nutrient distribution in the Nearshore Zone of Caminada and Barataria Bays
(March 29,1973).

NHt-N (N07+N07)
-N

Org-N

(mg/1)

PO?-P Org-P Diss.

SiOa

Salinity

Caminada

1t S 0.112 0.483 0.750 0.042 0.001 1.34 16.1
B 0.096 0.189 0.595 0.039 0.020 1,36 26.2

-„ S 0.075 0.448 0.592 0.027 0.004 2.23 18.7
B 0.080 0.166 0.529 0.015 0.006 1.31 31.4

„ S 0.046 0.353 0.641 0.034 0.0 1.31 22.1
B 0.044 0.153 0.507 0.018 0.010 1.34 30.9

. S 0.046 0.097 0.613 0.020 0.001 0.99 30.9

B 0.051 0.080 0.319 0.016 0.007 1.21 32.0

Barataria

„- S 0.061 0.520 0.880 0.038 0.005 1.36 16.8
B O.059 0.465 0.741 0.034 0.001 2.43 17.0

22 S 0.066 0.477 0.578 0.041 0.014 2.43 17.4
B 0.050 0.454 0.438 0.032 0.008 2.33 19.7

2_o S 0.037 0.276 0.619 O.023 0.012 1.16 22,7
B 0.030 0.196 0.657 0.018 0.009 1.71 28.3

2_. S 0.017 0.153 0.401 0.015 0.038 0.76 30.2
B 0.036 0.069 0.346 0.018 0.001 0.89 31.2

Quatre

4- S 0.040 0.463 0.683 0.055 0.004 2.53 16.0
B 0.059 0.412 0.582 0.050 0.001 2.43 18.9

40 S 0.037 0.527 0.356 0.040 0.001 2.33 15.8
B 0.032 0.252 0.465 0.028 0.0 1.69 22.7

,„ S 0.026 0.317 1.168 0.044 0.002 2.39 14.7
B 0.025 0.552 0.387 0.019 0.012 1.21 27.2

4. S 0.021 0.130 0.527 0.012 0.023 0.68 28.3
B 0.009 0.066 0.453 0.016 0.001 1.11 29.0

Averages

1 S 0.071 0.346 0.649 0.031 0.002 1.47 22.0
B 0.068 0.147 0.488 0.022 0.011 1.31 30.2

2 S 0.045 0.857 0.620 0.030 0.016 1.43 21.8
B 0.044 0.296 0.546 0.026 0.005 1.85 24.1

4 S 0.025 0.360 0.684 0.038 0.008 1.99 18.8
B 0.032 0.321 0^472 0.029 0.O04 1.61 24.5

5 = surface water

B = bottom water

ing in March and the reduction in Mississippi nounced in shallow waters associated with highly
River discharge between these months (discharge organic bottom sediments. Caminada Pass (Sta
in January was 25,900 m3/sec [913,000 cfs] ver- tion 3) is constantly subjected to scouring by
sus 23,300 mVsec [794,000 cfs] in March). The strong currents, thus sediments at this station
reduced river effect during March was also re- are sandy and low in organic matter, and there-
fleeted in the slightly lower (NOi + NOl)-N fore, low NHJ values occur both in the water
values during this month as compared to January column and sediments.
(Tables 2 and 5). The higher concentration of The distribution pattern of PO?-P throughout
NHt-N during March at nearly all stations as Caminada Bayand its near offshore area in March
compared to January is probably due to stronger was also similar to that in January, i.e., low
wave action in March which introduced into the values in the bay increasing offshore towards the
water column NH? rich interstitial water of bot- river mouth (Fig. 4B).
torn sediments. This mixing effect would be pro- Dissolved SiO* was significantly lower in March

13
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Figure 4. Distribution of chemical components at selected stations in. Caminada Bay and its nearshore zone, March 29, 1973. (A)
Salinity and inorganic-N, (B) organic-N, dissolved SiOz, and PO?-P.
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than in January at all stations, except Station 4
in Caminada Bay. The inverse relationship be
tween salinity and dissolved SiO* is well known
(Bein et al., 1958). However, the pronounced
fluctuation in SiO* at a relatively constant salin
ity level in the near offshore area could be indi
cative of removal of SiO* from solution by large
amounts of suspended colloidal particles carried
by the Mississippi River during periods of high
discharge.

The nearshore bottom water at Stations 2-1

and 4-1 showed similar composition in salinity,
(NOF + NOi)-N, and NEtf-N as that in surface
waters, indicating that the water column in these
areas was well mixed (Table 5). However, Sta
tion 1-1 near Caminada Pass was the exception;
chemical stratification in this region was pro
nounced. Salinity was 16.1 %o at the surface and
26.2 %o at the bottom. The bottom water also con
tained a low (NO? + NOi)-N value of 0.2 mg/1.
The quality of bottom water rather than surface
water at Station 1-1 exhibited some similarity to
that of the surface water in Caminada Pass (Sta
tion 3), which had a salinity level of 23.0 %0 and
0.08 mg/1 (NOr-j-NOl)-N. This indicates a degree
of water exchange between the nearshore bottom
waters and Caminada Pass.

Dissolved organic-N and POi°-P in bottom wa
ters showed a similar distribution pattern to that
of surface waters, but concentrations of these
components were lower at the bottom than at the
surface. Distribution of dissolved SiO* in the wa
ter column during March was reversed from the
January conditions which showed lower dissolved
SiO* in the bottom water than in the surface wa
ter (Tables 2 and 5). Some of the dissolved Si02
at the surface in March may have been removed
from solution by suspended particles as a result
of wind action. The effects of wind agitation
would be reduced considerably at the bottom of
the water column, thus accounting for higher
dissolved SiO* at the bottom relative to concen
trations at the surface.

Nutrient distribution in Caminada and Bara
taria bays is given in Tables 3 and 4. Comparison
of the average values of 10 stations in Caminada
Bay with 22 stations in Barataria Bay revealed
that salinity in Barataria Bay was lower (13.5 %0)
than that in Caminada Bay (16.7 %0). Much of
the freshwater in Barataria Bay was drainage
from the canals, bayous, and marshes in the north
ern reaches of this bay as indicated by the much
lower salinity levels at Stations B18 through B22
as compared to those in the southern section near
the passes (Table 4). The average concentration
of (N03" + NOi") -N in Barataria Bay was more
than twice as high as in Caminada Bay (0.259

15

and 0.113 mg/1, respectively), but NHf-N was
slightly lower with an average of 0.065 mg/1 in
Barataria Bay as compared to 0.098 mg/1 in Ca
minada Bay. Not all (NOi -f NO*)-N in Bara
taria Bay can be attributed to Mississippi River
discharge. Some undoubtedly came from drainage
waters of the surrounding marshes and bayous
as stations in the upper estuary contained more
(NOi -f NO?)-N than stations near the passes
(Fig. 1 and Table 4). The fact that stations in
Barataria Bay near Barataria Pass and those near
Quatre Bayou Pass (Table 4) all showed higher
(NOi"+ N07)-N concentrations (from 0.21 to 0.28
mg/1) than those near Caminada Pass (0.12 to
0.20 mg/1 at Station C7 and C3, respectively,
Table 3) accompanied by lower salinity in Bara
taria Bay than in Caminada Bay supports the
present opinion that more Mississippi River wa
ter enters Barataria Bay than Caminada Bay.
Perhaps the number of openings to the Gulf in
each of these bays, as well as the configuration,
width, and angles of the passes with respect to the
flow direction of nearshore waters all contributed

to the degree of exchange between nearshore and
bay waters. Also, Barataria Bay is closer to the
discharge points of the Mississippi River than is
Caminada Bay (Fig. 1).

Similar to (NOr + NO*) -N, average levels of
POTVP and dissolved SiO* were also higher in
Barataria Bay than in Caminada Bay. High Bara
taria Bay levels can be attributed to drainage wa
ter from the north and nearness to the Mississippi
River mouth (Tables 3 and 4). The average dis
solved organic-N and organic-P were slightly
higher in Caminada Bay than in Barataria Bay,
indicating more input from decomposition prod
ucts of the marsh to Caminada Bay. The slightly
higher average NHf-N (0.098 mg/1) in Cami
nada Bay than in Barataria Bay (0.065 mg/1)
also supports this explanation.

May 22,1973—Caminada and Barataria Bays,
and the Near Offshore Area From Caminada

Pass to Southwest Pass

Nutrient levels at selected stations in Camina
da Bay and the near offshore zone from this bay
to the Mississippi River mouth are shown in
Figures 5A and 5B. Data from all stations are
listed in tabular form in Tables 6 through 9. The
tide was rising during the first part of this sam
pling period from 38 to 51 cm (15 to 20 inches)
above msl, and latter samples.were taken on a
falling tide from 51 to 43 cm (20 to 17 inches)
above msl. The discharge of the Mississippi River
during 1973 was highest during May—38,000



Caminada Caminada

Bay Pass
Nearshore zone

Distance from bay to river mouth (miles)

Mouth

Figure 5A. Distribution of inorganic-N and salinity at selected stations in Caminada Bay, its nearshore zone and west of the
Mississippi River mouth, May 22, 1973.
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Nearshore zone

Distance from bay to river moulh (miles)
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Figure 5B. Distribution of dissolved Si02, organic-N and PO^-P at selected stations in Caminada Bay,
its nearshore zone and west of the Mississippi River mouth, May 22, 1973.
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Table 8—(continued)

Sample NHt-N (NO2+NO3) Org-N PO?-P Org-P Diss. Salinity

Location -N

(mg/1)

SiO* (%o)

Barataria

2-1S .0.044 0.000 0.337 0.O06 0.027 1.42 22.7

2-1B .0.042 0.013 0.753 0.009 0.028 1.18 24.5

2-2S .0.008 0.020 0.213 0.003 0.028 1.37 20.0

2-2B .0.121 0.015 0.117 0.007 0.033 1.19 24.7

2-3S ..0.025 0.069 0.469 0.008 0.014 1.09 17.2

2-3B .0.031 0.038 — 0.005 0.019 1.02 25.3

2-4S .0.012 0.036 0.113 0.006 0.016 1.48 17.0

2-4B .0.202 0.003 0.145 0.036 0.028 1.75 33.4

Quatre Bayou
4-1S .0.029 0.050 0.147 0.013 0.027 1.38 17.9

4-1B .0.036 0.075 0.112 0.016 0.035 1.32 19.4

4-2S .0.055 0.031 0.053 0.011 0.036 1.90 17.6

4-2B .0.033 0.064 0.257 0.009 0.027 1.50 18.4

4-3S .0.019 0.189 0.316 0.013 0.034 1.63 14.4

4-3B .0.339 0.005 0.149 0.040 0.019 2.15 30.9

4-4S .0.086 0.140 0.233 0.015 0.022 1.47 15.1

4-4B .0.255 0.007 0.173

Average

0.032 0.013 1.28 31.6

•'.::::::::::::
...0.025 0.023 0.356 0.004 0.018 1.48 18.3

...0.067 0.011 0.354 0.012 0.021 1.40 29.2

»5 ::::::::::::
...0.022 0.031 0.283 0.005 0.021 1.34 19.2

...0.099 0.017 0.338 0.014 0.027 1.29 27.0

« r.:::::::::::
...0.047 0.102 0.187 0.013 0.030 1.60 16.2

...0.165 0.037 0.173 0.024 0.024 1.56 24.6

S = surface water

B = bottom water

Nearshore

Sample
Location

Ml

M2

M3

M4

M5

M6

M7

M8

M9

M10

Table 9

Nutrient Distribution in Nearshore Zone

East of Quatre Bayou Pass and West of Southwest Pass of
the Mississippi River

(May 22,1973).

NHJ-N

S 0.091

B 0.201

S 0.046

B 0.162

S 0.045

B 0.060

S 0.042

B 0.117

S 0.061

B 0.060

S 0.O33

B 0.016

S 0.007

S 0.004

B 0.009

B 0.005

S 0.023

B 0.072

S 0.029

B 0.049

(NOi+NOl)
-N

Org-N PO^-P Org-P

(mg/1)

1 to 2 miles from shoreline (about 14ut 14 ft. in depth)
0.04S 0.036

0.047 0.038

0.057 0.031

0.043 0.019

0.060 0.035

0.019 0.029

0.085 0.020

0.031 0.031

0.060 0.036

0.030 0.051

40 ft. in depth)
0.007 0.050

0.012 0.032

0.004 0.017

0.007 0.022

0.011 0.036

0.011 0.007

0.008 0.017

0.023 0.010

0.029 0.019

0.016 0.004

0.888

0.223

1.386

0.283

1.606

0.152

1.815

0.117

1.773

0.098

1.043

0.933

0.748

0.539

3.976

0.553

1.865

0.867

1.056

0.507

7 miles from shoreline (about 40 ft
0.093

0.039

0.119

0.158

0.063

0.104

0.108

0.081

0.392

0.122

0.790

0.325

0.629

0.610

0.291

0.558

0.868

0.492

0.612

0.473

19

Diss.

Si02

2.70

1.66

3.32

1.56

3.42

0.95

3.47

1.51

3.32

1.26

1.50

0.86

0.55

0.90

2.04

0.56

0.73

0.84

2.73

1.75

Salinity
(%o)

6.0

27.5

2.5

22.6

0.8

23.6

0.3

26.3

0.9

26.7

14.9

33.3

19.2

19.3

27.5

25.8

18.4

29.4

7.7

28.1



Table 9—(continued)

Nearshore NHt-N (NO?-f-NO?) Org-N POl°-P Org-P Diss. Salinity
Sample -N Si02 (%o)
Location (mg/1)

Average

1-2 iles S 0057 L493 1'738 °'061 0M2 3*24 2'1
m B 0.120 0.174 0.680 0.034 0.034 1.39 25.3

7 ., S 0.019 0.174 0.702 0.011 0.028 1.51 17.5
B 0.030 0.081 (K428 <M)13 0.015 0.98 27.2

S = surface waters

B = bottom waters

m3/sec (1,372,000 cfs)—which was also the high- ponents were noticeably higher in the pass (Sta-
est May discharge recorded during the past 33 tion 3), 0.03 mg/1 of NHt-N, and 0.13 mg/1 of
years. The discharge of 37,000 m3/sec (1,305,000 (NO? + NOi)-N. The center of the bay (Station
cfs) during April 1973 was the highest for that 4) ranged between these levels (Fig. 5A). Deple-
month since 1945. The volumes of water dis- tion of inorganic-N in the bay was observed pre-
charged during April and May of 1973 were viously by Barrett et al. (1971) and Ho (1971)
15,900 and 18,800 mVsec (546,000 and 664,000 and could logically be attributed to more rapid
cfs), respectively, above the long-term averages phytoplankton uptake and a lower rate of replen-
for these months. Coastal rainfall during April ishment. However, the reduction of (NOi -f-
1973 was 26.4 cm (10.4 inches) which was 16 N02)-N accompanied by the absence of a sub-
cm (6.3 inches) above the long-term average stantial increase in organic-N (Fig. 5B) in the
for this month. May 1973 coastal rainfall was nearshore waters between Caminada Pass and
9.4 cm (3.7 inches) which was approximately Grand Bayou Pass cannot be explained solely by
2.5 cm (1 inch) less than the long-term May phytoplankton assimilation. The reduction of
average. (NO? -f NO?)-N may have been caused by a dis-

During this sampling period, salinity distribu- placement of (NOi + NO?)-N enriched Missis-
tion varied from 6%o in the nearshore zone of sippi water by low nutrient, high salinity sea-
Grand Bayou Pass (Fig. 1A) to less than 1 %0 at water during this period due to a shift in current
the mouth of the Mississippi River. Nearshore direction. Other evidence to support this reason-
waters west of Grand Bayou Pass to Caminada ing was that surface salinity in this zone tended
Pass showed a high salinity level of 20 to 23 %0. to decrease and (NOs + NO?)-N increase seaward
Salinity in Caminada Bay varied from 23 %0 at within the 11 km (7 mile) transect investigated
Caminada Pass (Station 3) to a low of 11 %0 near (Table 8). This evidence further demonstrated
the marsh (Station 9) (Fig. 5A). As expected, the seaward diversion of Mississippi water by
distribution of (NOT -f- NO?)-N was inversely currents during this sampling period,
proportional to salinity where influence by the Concentrations of (NOs + NO?)-N, organic-N,
Mississippi River prevailed. High concentrations PO?-P, and dissolved SiO* all increased sharply
of (NO? -f- NO?)-N were found in the nearshore in nearshore waters which were directly influ-
waters east of Grand Bayou Pass to the mouth of enced by Mississippi River discharge (i.e., in the
the Mississippi, ranging from 0.9 to 1.8 mg/1. region between Grand Bayou Pass and Southwest
These values agree with data obtained at the river Pass) relative to the area west of Grand Bayou
mouth in February 1972 by Ho (1972). Near- Pass. Organic-N varied from 0.75 to a high of
shore waters west of Grand Bayou Pass contained 4.0 mg/1, POT-P ranged from 0.04 to 0.085 mg/1,
little (NO? -J- NO?)-N, ranging from a trace to and dissolved Si02 ranged from 2.7 to 3.5 mg/1
0.05 mg/1 (Fig. 5A). NHJ-N content was invari- east of Grand Bayou Pass, whereas west of this
ably low in all nearshore surface waters, ranging pass these components ranged from 0.15 to 0.43
from 0.03 to 0.09 mg/1. The slightly higher mg/1, 0.006 to 0.013 mg/1, and 1.40 to 1.6 mg/1,
NHt-N concentration adjacent to Grand Bayou respectively (Fig. 5B).
Pass may be the result of local drainage water Selected stations inside Caminada Bay showed
and/or upwelling of bottom waters in this area. variations in organic-N, PO^-P, and dissolved
Levels of NHt-N and (NO? -+- NO?)-N in Camina- SiO*, depending on the water source. Organic-N
da Bay were not similar to offshore values. Both was highest near the marsh (0.7 mg/1, Station 9)
components were in a depleted state of less than but was low in the center of the bay as well as in
0.02 mg/1 near the marsh (Station 9); these com- the pass (0.2 to 0.25 mg/1). Dissolved SiO* was
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lowest (1.2 mg/1) in the pass where salinity was
highest; stations near the marsh (Station 9) and
the center of the bay (Station 4) contained simi
lar amounts of dissolved SiO* (1.7 mg/1). Slightly
higher PO^-P in the pass (0.021 mg/1, Station 3)
coincided with an increase in (NO? -j- NO?) -N at
this station, indicating that both components may
have been derived from waste disposal in the vi
cinity. POiVP in the center of the bay and near
the marsh was low, ranging from 0.007 to 0.014
mg/1 (Fig.5B).

Nutrients in Caminada and Barataria Bays
varied widely, depending on the proximity to the
sources of input (Tables 6 and 7). For example,
(NO? -f- NO?)-N varied from 0.006 to 0.129 mg/1
with a 10-station average of 0.053 mg/1 in Camin
ada Bay, and from a trace to 0.066 mg/1 with a
11-station average of 0.027 mg/1 in Barataria
Bay. The higher (NO? -f NO?)-N values were
probably associated with local waste disposal and
drainage since stations away from these areas in
variably contained low (NO? + NO?)-N values
(e.g., Stations 1, 9, and 10 in Caminada Bay; Sta
tions 1, 7, 10, 20 and 22 in Barataria Bay, Tables
6 and 7). The level of NHt-N was slightly lower
in Caminada Bay, ranging from a trace to 0.05
mg/1 with an average of 0.022 mg/1. Barataria
Bay showed slightly higher NHt-N values, rang
ing from a trace to 0.104 mg/1 with an average
of 0.032 mg/1. Caminada Bay contained signifi
cantly lower organic-N than did Barataria Bay.
Values for organic-N varied from 0.082 to 1.18
mg/1 with an average of 0.48 mg/1 in Caminada
Bay and from 0.59 to 1.04 mg/1 with an average
of 0.84 mg/1 in Barataria Bay. Water in areas
near the upper marshes contained higher dis
solved organic-N than areas to the south which
were farther away from freshwater drainage.
The high organic-N concentrations may be indic
ative of high productivity of plankton as a re
sult of availability of nutrients, export of dis
solved organics from the marshes, and/or waste
disposal and low flushing rates in these areas.
The present data are not sufficient to explain the
quantitative aspect of the contribution by each
of these mechanisms. Nevertheless, since avail
able nutrients control and limit production of or
ganic matter in an aquatic system and Barataria
Bay water was demonstrated to contain more nu
trients than Caminada Bay, higher organic-N in
the former bay may be partially attributed to the
direct consequence of nutrient enrichment. Or-
ganic-P, PO^-P, and dissolved SiO* were similar
in both bays, with averages of about 0.032, 0.01,
and 1.40 mg/1, respectively (Tables 6 and 7).

The diversion of nutrient enriched Mississippi
River water seaward east of Grand Bayou Pass

21

suggests that river water, as a nutrient supply
source to Caminada and Barataria Bays, may sub
side during this time. Concentrations of (NO? +
NO?)-N at stations near Quatre Bayou Pass and
Barataria Pass (Bl, B3, B7 and B10, Table 7)
and their nearshore zone (Table 8) were lower
than in areas distant from these regions. There
fore, it is concluded that the Mississippi River as
a nutrient source to the bays was insignificant
during this time, and nutrients in the bays were
largely derived from drainage waters from the
marshes and surrounding waterways along with
sediment organic matter underlying the water
column.

September 30,1973—Caminada and Barataria
Bays and the Near Offshore Area From
Caminada Pass to Southwest Pass

Nutrient levels at selected stations in Caminada

and Barataria Bays and the near offshore zone
from Caminada Pass to the mouth of the Missis

sippi River are shown in Figures 6A and 6B.
Data from this sampling trip are shown in Tables
10 through 13. The tide stage during the first part
of this sampling trip was low slack at a height
of 32 cm (12.5 inches) above msl. The latter part
of the samples were taken during a rising tide
from 32 to 43 cm (12.5 to 17 inches) above msl.
The discharge of the Mississippi River during
August and September of 1973 was 8,640 and
6,280 mVsec (305,000 and 222,000 cfs), respec
tively, which was the lowest volume of water dis
charged during the year and corresponded ap
proximately to the long-term averages for these
months. August coastal rainfall was 12.5 cm
(4.9 inches) which is 3 cm (1.2 inches) below
the long-term August average. September 1973
rainfall was 36.3 cm (14.3 inches) which was the
highest rainfall occurring during any one month
for the period between 1956 and 1973. The long-
term average rainfall for September is 16 cm (6.3
inches) (Figs. 2A and 2B).

Salinity and nutrient levels in the entire near-
shore zone changed drastically as compared to
values obtained previously (Figs. 6A and 6B).
Salinity was high throughout the entire near-
shore zone studied, ranging from 23.6 to 30.0 %0.
Salinity at selected stations inside Caminada Bay,
however, remained lower than that in the near-
shore zone, with values of 16.5 %0 at the center of
the bay and 13.2 %0 at Station 9 near the marsh.

Contrary to previous observations, concentra
tions of (NO? + NO?)-N in the nearshore waters
east of Quatre Bayou Pass and west of Southwest
Pass were depleted to an exceedingly low level of
0.001 to 0.003 mg/1, whereas nearshore waters
west of Quatre Bayou and east of Caminada Pass
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Table 13

Nutrient Distribution in Barataria Bay
(September 20,1973).

Sample NHt-N (NOl+NOs) Org-N PO?-P Org-P Diss. Salinity
Location* -N SiOj (%o)

(mg/1)
Bl 0.081 0.030 0.582 0.019 0.010 1.78 19.3
B3 0.069 0.030 0.474 0.018 0.033 1.43 25.4
B7 0.064 0.017 0.210 0.027 0.020 1.44 25.5
BIO 0.073 0.011 0.521 0.020 0.027 1.50 26.2
B12 0.065 0.021 0.420 0.026 0.028 — 26.6
B14 0.064 0.022 0.764 0.029 0.037 1.86 13.9
B15 0.069 0.006 0.645 0.013 0.034 2.30 11.1
B16 0.075 0.021 0.782 0.019 0.045 2.54 7.9
B18 0.082 0.040 0.346 0.036 0.004 2.69 4.6
B20 0.064 0.009 0.730 0.025 0.035 2.44 5.2
B22 0.075 0.030 0.83.4 0.012 0.065 2.94 10.8
Average 0.071 0.022 0.574 0.022 0.031 1.96 16.1

*The prefix B denotes Barataria Bay.

showed higher (NOi + NOi)-N values of 0.001 to nearshore waters east of Grand Bayou Pass and
0.09 mg/1. NHJ-N constituted the dominant frac- west of Southwest Pass. Waters in the nearshore
tion of the total inorganic-N composition through- zone west of Grand Bayou Pass showed a much
out the entire study area. For example, NHtN higher concentration of these components. Dis-
varied from 0.05 to 0.09 mg/1 in the nearshore solved SiCh varied from 0.85 to 1.45 mg/1,
waters east of Quatre Bayou Pass, and from 0.001 organic-N from 0.42 to 1.07 mg/1, and P05°-P
to 0.08 mg/1 west of the pass. The ratio between from 0.008 to 0.021 mg/1. Concentrations of these
(NOi + NOi) -N and NHf-N was especially strik- components in Caminada Bay were relatively high,
ing in Caminada Bay. (NOs + NOr)-N was de- Dissolved Si02 changed from 2.1 to 3.1 mg/1, or-
pleted to only a trace, whereas NHtN remained ganic-N from 0.87 to 1.15 mg/1, and PO^-P
relatively high, ranging from 0.07 to 0.09 mg/1 from 0.01 to 0.03 mg/1. The simultaneous enrich-
(Fig. 6A). The depletion of (NO? + N(K)-N ac- ment of organic-N, NHt-N, PO^-P, and perhaps
companied by relatively high levels of NHt-N is SiO* in Caminada Bay and its nearshore zone sug-
indicative of utilization of the former by phyto- gests that these components were derived from
plankton resulting in organic-N synthesis fol- decomposition of biological remains, thus provid-
lowed by subsequent decomposition of the organic ing the ecosystem with an important mechanism
remains to NHt-N at the end of the phytoplankton for regeneration of nutrients. Some of these corn-
growth period and subsequent decomposition. It ponents are exported offshore, therefore account-
should also be noted that the supply of (NO; -f ing for the substantially high levels of nutrients
NOi)-N by the Mississippi River to the entire adjacent these bays relative to levels found near
nearshore zone and associated estuaries became the river mouth (Fig. 6B).
essentially nil during this time. High coastal rain- Nutrient distribution in Caminada and Bara-
fall in September 1973 apparently did not con- taria Bays is shown in Tables 10 and 13, respec-
tribute significant amounts of (NOi + NOi)-N tively. Salinity near the passes was invariably
to the nearshore waters. higher than in the upper marshes in both bays.

Levels of organic-N, dissolved SiO*, and PO?-P Barataria Bay showed a salinity range of 4.7 to
provided additional evidence regarding the rela- 26.6 % with an average of 16.1 %. Salinity in
tive importance of the marshes surrounding the Caminada Bay varied from 13.3 to 25.0 % with
bays and the Mississippi River as nutrient supply an average of 18.1 %o. This trend was consistent
sources. Concentrations of these components in with that observed during May, indicating that
the nearshore waters east of Grand Bayou Pass Barataria Bay had continued to receive more
all decreased to low levels characteristic of pre- fresh drainage waters than did Caminada Bay in
dominant seawater influence during this sampling September 1973. Associated with drainage waters
period. For example, dissolved Si02 varied from into Barataria Bay was a higher level of (NOs +
0.65 to 0.86 mg/1, organic-N from 0.04 to 0.2 NOi)-N as compared to Caminada Bay. For ex-
mg/1, and POT'-P from 0.008 to 0.027 mg/1 in the ample, (NOi -f NOi)-N varied from 0.009 to 0.04
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mg/1 with an average of 0.022 mg/1 in Barataria
Bay, whereas Caminada Bay contained only a
trace to 0.037 mg/1 with an average of 0.006
mg/1. Contrary to the May trip, the average con
centration of organic-N in September was higher
in Caminada Bay (0.83 mg/1) than in Barataria
Bay (0.57 mg/1). It is conceivable that more dis
solved organic-N in Barataria Bay could have been
exported to the nearshore zone via Barataria Pass

than through Caminada Pass, as indicated by
correspondingly higher organic-N in the near-
shore zone of Barataria Pass (1.07 mg/1) and
lower organic-N offshore from Caminada Bay
(0.6 mg/1) (Fig. 6B). The average content of
dissolved SiO* was also higher in Caminada Bay
than in Barataria Bay (2.75 and 1.96 mg/1, re
spectively). NHtN, P04°-P, and organic-P were
about the same in both bays (Tables 10 and 13).

Contribution of Nutrients By the
Mississippi River and Marshes

The average monthly maximum, minimum and
mean discharge of the Mississippi River from
January through July 1973 was 31,000 m'/sec,
22,900 mVsec, and 26,900 m3/sec (1,093,000 cfs,
809,000 cfs, and 950,000 cfs), respectively. The
mean value of 26,900 m3/sec (950,000 cfs) was
used to estimate the quantities of selected nutri
ents discharged by the Mississippi River based on
the following assumptions:

1. Surface water at Station M4 (Table 9, Fig.
1A) represented river water and concentra
tions of the components of the Mississippi
River would not change significantly at vari
ous discharge stages from January through
July of 1973. The basis for this assumption
is the proximity of Station M4 to the river
mouth, the similarity in concentrations of
(NOT + NOi)-N in February of 1972 at
Southwest Pass and May 1973 at Station M4
(1.8 mg/1), and the higher levels of PO^-P
and dissolved SiO* and low salinity at this
station as compared with other stations in
May 1973.

2. Surface concentrations of nutrients at Sta
tion M4 in September 1973 represented the
ambient nearshore concentration relatively
free of Mississippi River influence (Station

M4, Table 12). Discharge in September 1973
was 6,200 m3/sec (220,000 cfs), whereas
38,800 m3/sec (1,370,000 cfs) was dis
charged during May 1973.

3. The net nutrient input of the Mississippi
River into the Gulf of Mexico is the differ
ence between the values at Station M4 in
May, Table 9 and the corresponding values
at this station in September, Table 12.

The estimated amount of nutrients discharged
by the Mississippi River during the period of Jan
uary through July, 1973 is shown in Table 14.
The magnitude of inorganic and organic com
ponents introduced by this river during the first
7 months in 1973 was enormous—a combined
weight of (NOi + NOl)-N, PO^-P, dissolved
Si02, and organic-N totaling 3.06 billion kg (6.75
billion pounds). Dissolved organic-C was not an
alyzed from the water samples, but was calcu
lated from a C/N ratio of 12. Thus, the calcu
lated total dissolved organic-C discharged be
tween January and July by the Mississippi River
was 9.85 billion kg (21.7 billion pounds). Table
14 also presents an estimate of selected nutrients
contributed to the Gulf by the Atchafalaya River.
The volume of water discharged by the Atchafa
laya River was approximately 50% of that dis-

Table 14

Estimated amount of selected nutrients discharged into Louisiana's
coastal area between January and July 1973 by the Mississippi and Atcha
falaya rivers.

Nutrients (in billions of pounds)

Diss.

(NOj+N07)-N PO^-P SiOz Org-N Org-C

Mississippi
2.90 1.81 21.70

Atchafalaya
0.98 0.04 1.45 0.91 10.85
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charged by the Mississippi River during 1973.
Assuming that the concentrations of chemical
components in the Atchafalaya River were the
same as those in the waters of the Mississippi,
then the amount of nutrients emptied into the
coastal area at the Atchafalaya River mouth
would be half that of the Mississippi River.

To estimate the impact on dissolved oxygen by
organic matter emptied into the Gulf, it was as
sumed that river water contained 9 mg/1 dis
solved O2 and that complete oxidation of 1 mole
of organic-C requires 1 mole of dissolved O2 in
water to form 1 mole of CO2. Therefore, the molar
ratio of dissolved organic-C/dissolved O2 in river
water would be 5.9. Ambient seawater would
have an organic-C/dissolved O2 ratio of 0.71
which is 8 times lower than that of river wa
ter. Organic matter may also be added to the
nearshore Gulf waters by photosynthesis of phy
toplankton which proliferates as a result of the
abundant nutrients transported by the river, thus
requiring more dissolved O2 for its decomposi
tion. The typical sequence of events which results
from the introduction of excessive amounts of
allochthonous organic matter and available nutri
ents into an aquatic system is an increase in oxy
gen demand due to photosynthetic production of
organic matter by a phytoplankton bloom and sub
sequent depletion of dissolved O2 due to decom
position of organic matter. This phenomenon has
been observed in many aquatic systems such as
the Great Lakes (Bartsch, 1972) and Lake Mara-
caibo, Venezuela (Battelle, 1974) and is well sum
marized by Warren (1971). The nutrient levels
measured in our nearshore waters influenced by
the Mississippi River were much higher than
those found in the Great Lakes.

Low dissolved oxygen levels in the coastal wa
ters of Louisiana have been reported numerous
times since the early 1900's (Hedgpeth, 1957).
The most recent report was in 1973 when a re
search team from Nicholls State University
found low dissolved oxygen levels during late
spring and early summer from Southwest Pass
at the mouth of the Mississippi River to Ship
Shoal, south of Morgan City (Nicholls State Uni
versity, News Release, 1973). Low dissolved oxy
gen levels in these waters during 1973 may have
affected benthic organisms, but catch data indi
cate that shrimp production was not impaired by
oxygen depletion. The 1973 offshore brown
shrimp catch was higher than the 1959 to 1973
average, and the offshore brown shrimp catch
from Southwest Pass to Bayou Lafourche during
1973 was almost twice the average catch for this
area.
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The magnitude of average seasonal changes of
(NOi + N02)-N, NHt-N, and salinity in the near-
shore waters between Caminada and Barataria
passes is illustrated in Figures 7A and 7B. The
high levels of (NO? + NOi)-N in both surface
and bottom waters as a result of river discharge
prior to May 1973 is evident in these nearshore
waters. NHt-N was not a major component in the
river water; therefore, it did not show a pro
nounced increase as a result of increased river
discharge. The slight increase in NHt-N after
January, especially in the bottom water, was
probably the result of wave action which agitated
the bottom sediments which contain NHt-N in
the interstitial water. Other components of river
origin such as PO^-P and dissolved Si02 would
follow the same seasonal trend as that shown by
(N03-f-N02)-N.

That (NO? + NOl)-N, PO^-P, and dissolved
Si02 in the nearshore zone between Caminada
Pass and the mouth of the Mississippi River from
January to March were of Mississippi River or
igin was indicated by the inverse relationships of
these components with salinity (Figures 8A to
IOC). The lower the salinity, the higher the (NO?
-f NOO-N, PO^-P, and dissolved SiO*.

The inverse relationships between salinity and
(NOi + NOi)-N, POi°-P, and dissolved Si02 char
acteristic of Mississippi River waters did not ap
ply to waters in the bays (Figures 12A to 12C for
Barataria Bay; Figures 13A to 13C for Caminada
Bay). The present evidence suggests that the Mis
sissippi River influence on Barataria Bay was
confined primarily to the southern region of this
bay as these waters were characterized by only a
slight variation in salinity (15 to 17 %0) as well
as narrow ranges of (NO3 + NOi)-N, PO^-P, and
dissolved SiOs (Figs. 12A to 12C). This water
mass can be distinguished from that in the north
ern region of the bay by lower salinity and a
wider range in salinity and nutrient concentra
tions in the upper bay due to various sources of
drainage water. For example, the Mississippi
River-influenced southern region showed a salin
ity range of 14 to 17 %0, whereas in the northern
region, salinity varied from 4 to 12 %; (NOi +
NOi)-N varied from 0.18 to 0.30 mg/1 in the
southern region and from 0.15 to 0.38 mg/1 in the
northern part of the bay. P03VP and dissolved
Si02 (Figs. 12A to 12C) also had wider ranges in
the upper bay as compared to the lower bay.

(NO? 4- NOr)-N, PO^-P, and dissolved SiO* of
river origin which entered Caminada Bay from
nearshore waters were restricted to Caminada
Pass (Figs. 13A to 13C). The low saline water of
relatively low concentrations of (NOi + NOt)-N,
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NEARSHORE ZONE, JAN. 17,1973
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Figure 8. Relationship between salinity and (NO, + NO#-N (A), PO^-P (B), and dissolved SiOs (C),
in nearshore waters south of Barataria and Caminada Bays, (January 17, 1973).
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Figure 10. Relationship between salinity and (NO, + NO?)-N (A), PO^-P (B), and dissolved Si02 (C),
in nearshore surface waters in the vicinity of the Mississippi River mouth, (May 22,1973).
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BARATARIA BAY, MARCH 29, 1973
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CAMINADA BAY, MARCH 29, 1973

26rA

o 22
o

"•»>.

o

>s 18
+-

C

o

to 14

Caminada Pass

/
' ~~r

Drainage
water

10
0 0.05 0.10 0.15 0.20 0.25 0.30

(NOi+NO;)-N(mg/l)

25r B

20

.5 15
o

CO

Caminada

Pass

Drainage
water

J
10

0 0.005 0.010 0.015 0.020 0.025 0.030 0.035

PO"43-P (mg/1)

25r C

20

e 15

o
to

10
_j

Caminada Pass
y

Drainage
water

_l I

0.5 1.0 1.5 2.0 2.5 3.0 3.5
Diss. Si02 (mg/1)

Figure 13. Relationship between salinity and (NO? + NOr)-N (A), PO^-P (B), and dissolved SiO, (C),
in Caminada Bay, (March 29,1973).

35



POi°-P, and dissolved SiO*, but high NHtN (Fig.
11A), was characteristic of drainage water from
the marshes rather than from the Mississippi
River (Ho and Schneider, 1974). Furthermore,
the presence of high saline water (20 to 23 %)
between Caminada Pass (18 %*) and the upper
marshes (12 to 17 %) agrees with observations
made in Barataria Bay, that is, there is very little
mixing of surface nearshore waters and the wa
ters of the northern parts of Caminada and Bara
taria Bays.

Average distribution of organic-N in nearshore
waters south of Caminada and Barataria Baysex
hibited a similar pattern to that of (NO? +
NO?)-N (Figs. 14A and B). High organic-N in
nearshore waters was associated with flooding of
the Mississippi at the end of March, whereas low
values were found in the bays at this time. This
suggests that runoff waters within the Missis
sippi drainage area not only contributed to an in
crease in soluble inorganic components such as
nitrate and phosphate but also organic matter to
the river. Heavy rainfall prior to March was
probably responsible for dilution of organic-N
in the bays.

At the end of May, organic-N in nearshore wa
ters adjacent the bays decreased sharply (Figs.
14A and B), but remained high near the river
mouth (Fig. 5B). On the contrary, organic-N in
the bays increased sharply, probably because of
an increase in phytoplankton production as a re
sult of nutrient enrichment during early spring.
Organic-N production was especially pronounced
in Barataria Bay as compared to Caminada Bay.
The higher production in Barataria Bay may be

due to higher nutrient content from the larger
drainage area of this bay. The low organic-N in
nearshore waters coincided with low concentra
tions of inorganic nutrients, but high salinity
values. As stated previously, low organic-N in
nearshore waters may be the result of displace
ment of nutrient enriched Mississippi River wa
ters by low nutrient seawater due to shifts in
current patterns.

At the end of September, the average organic-
N in nearshore waters south of Caminada and
Barataria Bays increased relative to that in May,
and the extent of increase was much greater in
the nearshore water south of Barataria Bay (0.28
to 0.52 mg/1 from May to September) than in
the nearshore water south of Caminada Bay (0.35
to 0.44 mg/1), during the same time period. Con
trary to the trend exhibited by nearshore waters,
organic-N in Caminada Bay increased from
March to September, but a sharp decrease oc
curred in Barataria Bay from May to September
(Figs. 14A and B). This phenomenon may be ex
plained by the fact that more organic-N was ex
ported from Barataria Bay to its nearshore zone
during the high coastal rainfall period in Septem
ber 1973, whereas much less exportation took
place from Caminada Bay. This explanation is
supported by the estimation made in August 1947
by Marmer (1948). He stated that Barataria Pass
drained about 8 times more water to the Gulf of
Mexico than Caminada Pass during a tidal cycle.
This estimate may still hold true for the passes
at the present time. Therefore, the relative differ
ences in organic matter transported to the Gulf
from the two bays are expected.

Summary and Conclusions

Heavy flooding by the Mississippi River oc
curred throughout most of Louisiana's coastal
area between January and July 1973. Rainfall
was extremely high in this area in March, April
and September 1973. During these periods when
large amounts of freshwater were discharged into
the coastal area, salinities were diluted and large
amounts of land-derived inorganic nutrients (NOi,
dissolved SiO*, PO?) and organic-N were added
to the coastal waters. The prevalence of NO? is
characteristic of runoff waters from agricultural
lands of the upper Mississippi Valley. Barataria
and Caminada Bays contained much less (NOi -f
NOi) -N and more NHt-N relative to nearshore wa
ters which are influenced by the Mississippi Riv
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er. These and other differences in chemical com
position indicated that the influence of the Mis
sissippi River on Barataria and Caminada Bays
was limited to the lower region of these bays dur
ing the period of study. Sources of freshwater and
associated nutrients introduced into the bays were
largely runoff waters from the upper marshes via
connecting waterways, bayous and drainage ca
nals. During the latter part of May, 1973, river
water flow in the nearshore zone of Barataria Bay
was diverted eastward as a result of local changes
in current direction. This was indicated by dis
placement of nutrient-rich river water by nutri
ent depleted seawater in the nearshore area south
of Barataria Bay. However, waters west of the
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river mouth and east of Grand Bayou Pass re
mained exceedingly high in nutrients and low in
salinity. At the end of September 1973, when the
Mississippi River discharge was lowest, the en
tire nearshore waters were dominated by nutri
ent-depleted seawater. Inorganic nutrients and
organic-N in the estuaries and the adjacent near-
shore waters were much higher than at the river
mouth during September which indicates the im
portance of the marshlands as a source of inor
ganic nutrients and organic matter to the estu
aries and adjacent nearshore waters.

The estimated quantity of selected chemical
components discharged by the Mississippi River
from January through July 1973 was 28.4 billion
pounds. Such vast amounts of inorganic nutrients

and organic matter undoubtedly are the primary
factors which result in Louisiana's high fishery
production. However, the combined impact of the
continued increase in runoff waters from farm

lands, uncontrolled disposal of industrial wastes,
etc., may contribute to the slow deterioration of
flshery-related industries in Louisiana. Keduction
in dissolved oxygen may take place because of
increases in oxygen demand as a result of large
quantities of organic matter transported by the
rivers and by algal blooms in response to exces
sive amounts of available nutrients. Severe and
prolonged oxygen depletion in areas where water
circulation is slow would have adverse effects on

animal organisms in the area.
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