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PREFACE 

This estuarine profile is one of a series of publications concerning estuarine areas of the 
United States. The purpose of this profile is to synthesize existing information on the Barataria 
Basin, Louisiana. The basin is one of the interdistributary sub-estuaries of the Mississippi deltaic 
plain. Habitats in the basin vary from swamp forest to marine open water. Scientific study of the 
basin is important for a number of reasons. The area supports a variety of habitats and is very 
productive. Studies of such an area lead to a better understanding of the ecological functioning 
of large scale ecosystems. The area is economically valuable. Important activities include 
commercial and recreational fishing, hunting, trapping, and forestry. Information is needed to 
properly manage and sustain these resources. Finally, there are a number of serious 
environmental problems in the area. These include wetland deterioration, saltwater intrusion, 
eutrophication, and toxins. Scientific information can lead to an understanding of both the causes 
and solutions of these problems. 

Ecosystem studies began in the basin in the late 1960's with studies in the saline 
marshes and water bodies of the lower basin. With a growing realization that the basin was, in a 
sense, a single ecological system, study was initiated in other parts of the basin. Studies were 
initiated in the freshwater forested wetlands in the headwaters of the basin and later in fresh and 
brackish marsh areas in the central part of the basin. Results of these studies showed that human 
activity was a dominant force shaping ecological processes. Thus, study began to address human 
impacts directly and much of the research today is directed at management. 

The authorship of the various chapters is suggestive of the integrated approach which 
has characterized study of the basin. 

Any questions or comments about or requests for this publication should be directed to: 

Information Transfer Specialist 
National Wetlands Research Center 
U.S. Fish and Wildlife Service 
NASA - Slidell Computer Complex 
1 01 0 Gause Boulevard 
Slideli, LA 70458. 
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k i l o c a l o r i e s  (kca l  ) 
Cels ius degrees ( O C )  

U.S. Customary t o  M e t r i c  

inches 25.40 
i nches 2.54 
f e e t  ( f t )  0.3048 
f a t  homs 1.829 
s t a t u t e  m i l es  ( m i )  1.609 
nau t i ca l  m i l es  (nmi) 1.852 

square f e e t  ( f t2) 0.0929 
square m i  l e s  ( m i 2 )  2.590 
acres 0.4047 

gal  lons (ga l  ) 3.785 
cubic  f e e t  ( f t3) 0.02831 
ac re - fee t  1233.0 

ounces (oz) 28350.0 
ounces (oz) 28.35 
pounds ( I b )  0.4536 
pounds ( l b )  0.00045 
shor t  tons ( ton)  0.9072 

B r i t i s h  thermal u n i t s  (Btu)  0.2520 
Fahrenheit  degrees (OF) 0.5556 (OF - 32) 

To Obta in  

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l es  
n a u t i c a l  m i l es  

square f e e t  
square m i l es  
acres 

ga l  1  ons 
cub ic  f e e t  
ac re - f ee t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

B r i t i s h  thermal u n i t s  
Fahrenhei t  degrees 

m i  11 imeters  
cent imeters  
meters 
meters 
k i  1 ometers 
k i  1  ometers 

square meters 
square k i  1  ometers 
hectares 

1 i t e r s  
cub ic  meters 
cub ic  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
me t r i c  tons  
me t r i c  tons 

k i  1  ocal  o r i e s  
Cel s i  us degrees 
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KEY TO TERMS AND SYMBOLS USED 

Salinitv classification (Cowardin et al. 19791 

Fresh - ~0 .5  ppt 
Oligohaline - 0.5 to 5 ppt 
Mesohaline - 5 to 18 ppt 
Polyhaline - 18 to 30 ppt 

Enerav diaaram svmbols (after Odum 19831 

0 Energy source from outside accompanied by causal forces. 

I Heat sink, the draining of degraded energy after use in work. 

-Q, Energy storage tank delivers energy flow to pathways. 

Energy interaction, where 2 kinds of energy are required to 
produce high-quality energy flow. 

Producer unit converts and concentrates solar energy; 
it is self-maintaining. 

- 

Consumer unit uses high-quality energy and is self- 
maintaining. 

- 



CHAPTER 1 

DESCRlPTiON OF THE BASIN 

by 

W.H. Conner and J.W. Day, Jr. 

1.1 INTRODUCTION AND 
PHYSICAL SETTING 

Coastal Louisiana was formed as a result of 
sedimentation by the Mississippi River over the 
past several thousand years (Morgan 1967). 
Frequent channel changes by the Mississippi 
River have created broad areas of near sea level 
wetlands (Kolb and Van Lopik 1958; Figure 1). In 
an active delta sedimentation exceeds erosion, 
while in an abandoned delta the reverse is true. As 
channels extend into the shallow Gulf of Mexico 
waters, f igh ridges or natural levees form adjacent 
to the streams from the deposition of coarse 
suspended sediments. Lower elevations in the 
back of the natural levees contain much finer 
sediments and support wetland vegetation (Figure 
2). Most estuarine systems of the Mississippi 
Deltaic Plain are thus located in an interdistributary 
position, that is, between the higher ridges of the 
Mississippi distributaries (Russell 1936). 

The Barataria Basin is an example of such 
an interdistributary estuarine-wetland system. It is 
located between the natural levees of the active 
Mississippi River and the abandoned Bayou 
Lafourche distributary (Figure 3). The basin is 
roughly triangular in shape, with its apex at 
Donaldsonville. It is about 11 0 km long and 50 km 
wide at its largest point where it meets the Gulf of 
Mexico. Since the river occupied its present 
channel about 700 years ago, there has been little 
sedimentation in most of the basin (Morgan 1967). 
Since that time bays, lakes and, bayous have 
enlarged by subsidence and erosion to form an 

extensive network of interconnecting waterbodies 
which allow transport of water, materials and 
migrating organisms throughout the basin (Fisk 
and McFarlan 1955; Coleman and Gagliano 1964; 
Morgan 1967,1972). 

Salient morphological features charac- 
terizing the area include natural and artificial 
levees, water bodies (such as bays, lakes, and 
bayous), coastal beaches and barrier islands, and 
swamp and marsh wetldnds. The lower portion of 
the Barataria Basin is a typical bar-built estuary. It is 
shallow with bars at the mouth and a low-tide, low 
energy coast (Adams et a!. 1976). The natural 
levees and barrier islands are the only high, well- 
drained ground in the basin, and thus have been 
the primary sites of human habitation. The 
coastline is primarily beach-dune systems with tidal 
flats and marshes in protected areas behind the 
barrier shores (Morgan 1967). Barrier islands 
protect the estuarine environment from waves and 
currents that would otherwise cause much more 
rapid erosion of wetlands. 

The basin is still an extremely dynamic 
system undergoing constant change because of 
geologic and human processes. The basin has 
been closed to river flow since the leveeing of the 
Mississippi River in the 1930-40's and the closing 
of the Bayou Lafourche-Mississippi River con- 
nection in 1902. A small amount of water enters 
the basin through the Intercoastal Canal via the 
locks in New Orleans. Precipitation provides the 
main source of freshwater for the basin. During 
periods of high water on the Mississippi River and 
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I 1. Maringouin delta lobe YrsB.P. I 

200-1 000 YIS B.P. 

Figure 1. Historical sequence of major distributary delta lobes in the Mississippi Deltaic Plain 
(Baumann and Adams 1981). 

given certain wind and sea conditions, freshwater highways for the early settlers. The floodplains of 
from the river can exert some influence on the the major streams were also ideal areas for living 
lower part of the basin. and represented prime agricultural land when 

agriculture later became important. 
1.2 HUMAN SETTLEMENT AND IMPACT 

ON THE BASIN The first European settlers to the basin 
arrived in the region in the 1700's and settled 

The first people to populate Louisiana in along the natural levees of the Mississippi River 
prehistoric times probably found that the coastal and Bayou Lafourche. Agriculture was important 
marshes provided an abundance of food. to the new arrivals and they planted indigo, 
Gathering and hunting were the primary sources of tobacco, rice, and vegetable crops. Two of the 
food for these early settlers, and Ranaia clam was most important groups of settlers to the area were 
probably one of the most dependable sources of the Germans and the Acadians. The Germans 
food, as numerous shell middens are found settled in St. Charles and St. John the Baptist 
throughout the coastal region of the state. Since Parishes, especially the area around Lac des 
there were no roads in the area, streams were ideal Allemands (Figure 4). Most of these hard-working 
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Figure 2. Generalized succession pattern in the delta area. With an active channel, there is 
maximum development of a natural levee. Behind the natural levee, swamp and marsh 
may form as the levee subsides. 

Donaldsonvllle 

1_ 
km 

Figure 3. Location map of the Barataria Basin. The location and names of the most 
commonly referred to places in the text are shown. 
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tion of the levees. By the 1940's, the entire 
Missisippi River was leveed and the Barataria 
Basin no longer received any overflaw of the rich, 
sediment-laden waters. 

The Barataria Basin is mainly composed of 
cypress-tupelo swamp in its upper headwater 
region. Lumbermen soon found that cypress was 
an excellent wood for building. Because of its 
location in the wettest parts of the state, however, 
it was difficult to harvest. This had changed by 
1890, with the invention of steam equipment to 
pull the logs out of the swamps. Cypress 
lumbering began in earnest and peaked in 1913 
with 755 million board ft being harvested in the 
state (Mattoon 1915). A large portion of the 

Figurn 4. Map the Barataria Basin show* lumber came fmm the Barataria Basin area, and 
ing the locatan of the Acadian and Geman coasts numerous cypress mills were located in the area. 

(reprinted. with permission. from Kniffen 1968. 8y 1925 all (he virgin stands of cypress were 
copyright LSU Press). logged and onty a few individual virgin cypress 

exist today in the basin. The construction of canals 
and railroad lines in the swamp severely altered the 
natural hydrology of much of the basin. 

Prehaps the greatest activity that has 
altered the entire basin is the search for, and 

farmers raised produce to sell in New Orleans, extraction of, oil and gas. The greatest 
These settlers lost their language and identity as concentration of oil and gas in the state lies in the 
they were absorbed by the French population. modern Mississippi delta and just to the west of the 
The Acadians first settled in the northern parZ of Mississippi River, especially in the Barataria Basin 
the basin and extended down the broad levees of (Figure 5). Oil pipeline canals form an intricate 
Bayou Lafourche. These people were devout network in the basin. Hydrologic patterns have 
Catholics and held strongly to their traditions. been drastically altered and recent studies (Turner 
They absorbed nearly every group with which they et a!. 1982; Johnson and Gosseiink 1982; Scaife 
came in contact and dill represent a significant et al. 1983) have shown that the large amount of 
portion of the population in the basin. land lost in the basin may be related directly and 

indirectly to the construction of these canals. 
One of the most important factors that has 

influenced settlement in the basin has been 1.3 HYDROLOGY 
flooding by the Mississippi River. Flooding has 
always occurred on the river. The Indians knew to Hydrology is an extremely important 
live on the higher sections of land and plant their integrating factor in the basin. Water is the major 
crops on the rich floodplains after the floodwaters transport tmchanism amng watehdies, 
receded. The European settlers, however, settled wetlands, and the gulf, carrying suspended silt and 
ali along the natural levees, extended their fields clays, nutrients, and organic material throughout 
back to the swamp, and built their towns fight on the basin. The rate of water mvement is a 
the rivers. There was no way the settlers could function of tide range (about 0.3 m at the mast), 
escape fbod damage. Thus began the fight to wind, precipitation, and the gradual slope of the 
control the river by building levees. At first, each land from the cypress swamps to the gulf (about 
landowner was responsible for building and 1.0 cm/km). These conditions create sluggish 
maintaining the levees along his property, but this bayous and Promote overland sheet flow through 
did not work very well, In 1927, after a particularly the wetlands. Hydrology is treated in detail in the 
destructive f h d ,  the Uniled States Corps of next chapter, and its impartawe is discussed 
Engineers took over the planning and construe- throughout this estuarine profile. 
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Figure 5. Major oil fields and pipelines within the Barataria Basin (modified from 
Adarns et al. 1976). At this scale the intricate pattern of crisscrossing small canals 
within the basin cannot be shown. 

1.4 BIOLOGICAL ZONES 

The Barataria Basin is divided into five 
environmental units: levee and developed lands, 
swamp forest, fresh marsh, brackish marsh, and 
salt marsh (Figure 6). Some authors separate 
brackish and intermediate marshes, but for the 
purposes of this profile, the two units will be 
combined. These units are treated in order of 
increasing salinity since the flow of water occurs in 
this direction and water is considered the major 
integrative element of the system. 

1.4.1 Levee and Develo~ed Land 

The highest and driest areas in the basin 
are found along the natural levee ridges of the 
Mississippi River and Bayou Lafourche. These 
levees were once covered with forests of 
hardwood trees. However, the majority of these 
forests have been cleared and are now used for 
agricultural, residential, and industrial purposes. 
Stands of American elm (Ulmus americana), 

sweetgum (Liquidam& Sryzaciflua), sugarbeny 
(Celtis laeviaata) and swamp red maple (Acer 
jubruq var. dnrmmondii) can still be found in some 
areas. 

1.4.2 Swarn~ Forest 

Vegetation in the swamp forest is 
predominantly baldcypress (Taxodium distichum) 
and water tupelo (Nvssa aauatica). There are 
about 100,000 ha of swamp in the Barataria Basin 
(Table 1) representing 16% of the basin. The ratio 
of land to water is highest here, but decreases 
moving seaward as waterbodies become a more 
dominant feature of the landscape. Soil in this unit 
is composed largely of clay (38%) which is mainly 
Mississippi River sediment. 

Waterbodies in the swamp forest are 
mainly bayous, which tend to serve as conduits of 
excess swamp forest production. During flooding 
episodes, excess water floods the entire system. 
As this water flows through the forest, it picks up 



Gulf of Mexico 

Figure 6. Habitat map of Barataria Basin. 

detritus particles, organic decomposition products, 
and inorganic nutrients which are deposited in the 
bayous to be carried to units downstream. 

1.4.3 Fresh M& 

The fresh marsh portion of the basin lies 
immediately below the swamp forest and contains 
about 155,000 ha (25% of the basin). Salinity 
averages 1.8 ppt (Chabreck 1972). Much of the 
freshwater marsh environmental unit is composed 
of 'Ylotant" or floating marsh. Flotant marsh 
consists of dense mats of vegetation supported by 
detritus several feet thick, all held together by a 
matrix of living roots. Maidencane (Panicurn 
hemitornon) is the dominant plant species, 
covering over 41 % of the total area. This species 
is seldom found in other wetland habitats, and 
even in the fresh marsh there are areas where it is a 
minor component or absent. Spikerush 
(Eleochari~ sp.) and bulltongue Wit tar ia f-3) 
are also important species in the freshwater areas. 

One of the most obvious differences 
between swamp and fresh marsh areas is the 
increased thickness of the organic soils. Detritus 
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deposited in this environment remains partially 
undecomposed, resulting in the buildup of peat. 
The organic content of the soils in the fresh marsh 
is about 67%. 

Waterbodies of importance in the fresh 
marsh include Lakes Cataouatche and Salvador 
and the surrounding bayous and canals. Primary 
production in these areas is overshadowed by the 
high concentration of organic material carried in 
from the surrounding swamps and marshes. The 
waterbodies are both highly eutrophic and 
heterotrophic. 

1.4.4 Brackish Marsb 

Between the upper freshwater end of the 
basin and the lower marine end of the basin lies 
the brackish marsh area, which covers about 
137,000 ha (22% of the basin). Both of the 
previously discussed units are characterized by 
unidirectional water flow in response to rainfall. 
The brackish marsh area is the first system that is 
strongly influenced by tides and storm surges, 
which affect water level, frequency and duration of 
flooding, and salinity. This zone represents an 
area where fine particulate organic and inorganic 
matter are trapped. Fresh water flowing from the 
upper basin encounters higher salinity water, and 
the ionic components in the salt water cause the 
fine suspended particles in the fresh water to 
flocculate out; salinity ranges from 2 to 10 ppt 
(Chabreck 1972). Even though there is a net 
movement of water downstream, the inland flow of 
tidal waters determines the kinds of vegetation that 
occur in the wetland, aids in the recirculation of 
nutrients, and allows the inland migration of larval 
forms of estuarine species. Saltmarsh cordgrass 
(S~artina oaten%f is the dominant plant in this area. 

1.4.5 %It Marsh 

More research has been done in this unit 
than in any of the others. The salt marsh is subject 
to modification by physical forces more than the 
other two types. There is one tidal cycle per day in 
the salt marsh, averaging 0.3 m in height, and 
salinity ranges from 6 to 22 ppt (Chabreck 1972). 
Storm surges and prolonged southerly winds can 
produce higher than average tides. There are 
approximately 145,000 ha of salt marsh in the 
basin, and the land to water ratio is the lowest of all 
the units in the basin. The major plant species in 
this unit is oyster grass martina -flora), which 
covers 63% of the salt marsh area. 

Interaction between wetland and 
waterbodies is more pronounced in the salt marsh 
than in any other unit. Because of the high 
proportion of water to land and the frequent 
flooding, it is difficult to distinguish between land 
and waterbody in many cases. The waterbodies 
are typically shallow and turbid with muddy 
substrate. 

1.4.6 Offshore 

The excess organic matter produced by 
the marshes of the Barataria Basin eventually finds 
its way to the Gulf of Mexico through the bayous 
and canals that drain the basin. There is 
considerable evidence to support the importance 
of "outwelling" from the Barataria Basin to the gulf 
(Day et al. 1982). One of the major factors 
influencing the offshore areas is the presence of 
the Mississippi River. Millions of cubic meters of 
freshwater and tons of sediments and nutrients are 
dumped each day into the Gulf of Mexico only 80 
km to the east of the basin. Rather than mixing 
immediately, the freshwater forms a large gyre that 
impinges on the Barataria Basin offshore area. 



CHAPTER 2 

PHYSICAL VARIABLES 

R. H. Baumann 

2.1 INTRODUCTION accompanies the northerly winds that occur 
predominantly in the fall and winter. Highly variable 

This chapter describes the major physical winter weather results from alternating exposure to 
processes which are operative in the Barataria cold dry continental air masses originating in the 
Basin. Emphasis is on water because it is the north or northwest and warm, humid tropical 
medium for material transport. Direct measure- systems centered in the Gulf of Mexico. Summer 
ments of water flux through the basin are few, but weather is generally more stable, with prevailing 
analyses of various water level phenomena allow south-southeast winds providing moist subtropical 
inferences regarding water movement and hence conditions. Local summertime heating causes 
material transport. This chapter is concerned with convective updrafts, vertical development of 
identifying the water level change phenomena and cumulus clouds, and frequent, localized 
discussing what regulates them and how they vary thundershowers. Occasional continental air 
temporally and spatially. Humans have greatly masses from the north or west move over the basin 
affected the movement of water through the bringing decreased temperatures and humidities 
system and factors affecting physical processes during the summer. 
also control, to varying extents, other components 
of the system. Several of these interrelationships Mean annual precipitation in coastal 
are briefly mentioned to set the stage for the final Louisiana is fairly high at about 160 cm. Long-term 
chapter of this volume. averages indicate that rainfall is fairly uniformly 

spread throughout the year, but the maximum 
2.2 CLIMATE usually occurs in July, and the minimum in October 

(Sanders 1959, Stone 1972). There are, 
Climatic conditions in the Barataria Basin however, exceptions in annual and seasonal 

are largely determined by its subtropical location totals. Annual totals have varied from 92 to 219 
and its proximity to the Gulf of Mexico (Sanders cm, while seasonal extremes have ranged from 0 
1959, 1978). Two pressure ridges dominate to 46 cm during the period 1914-78 (Sklar 1983). 
weather conditions along coastal Louisiana. One 
is the "Bermuda high" centered over the Bermuda- Using a climatic water budget developed 
Azores area of the Atlantic in the winter, and the by Thornthwaite (1948) in conjunction with 
other is the "Mexican heat low" centered over synoptic weather types, Wax et al. (1978) were 
Texas during the summer (Stone 1972). These able to determine periods of water surplus and 
ridges produce winds with an easterly component. deficit in Barataria Basin. They found a water 
Northeasterly winds are prevalent in the fall and surpius in winter and early spring when 
winter, and southeasterly winds are dominant in precipitation was high and potential evapotran- 
the spring and summer. Northwesterly winds spiration was low. Deficits occurred in summer and 
occur most often in the winter months. Warmer autumn when south winds and increased salinities 
temperatures and higher humidities are associated predominated. Effects of surplus precipitation are 
with the southeasterly winds in the spring and far more noticeable over the inland or upper end of 
summer months, and cooler, drier weather the basin (above Lake Salvador), where runoff is 

8 



concentrated in streams or bayous, than in the 
lower basin where it is spread over the vast areas of 
marsh and open water (Wax et al. 1978). Sklar 
(1983) used long-term means to calculate a water 
budget for the upper part of the basin (Figure 7) 
and found that of the total annual precipitation, 61 
crn was available for surface runoff and 
groundwater discharge. 

Hurricanes and tropical storms with their 
high winds and heavy precipitation occasionally 
impinge upon the Louisiana coast, usually 
between June and November. Such storms can 
cause severe flooding as well as drastic alterations 
of normal hydrologic regimes in the basin (Day et 
al. 1977). 

Mean annual temperature is 20.6 OC and 
varies seasonally from a mean monthly tem- 
perature of 13.0 oC in January to 27.5 OC in July. 
Occasional freezes occur in the basin during the 
coldest nights, but thawing occurs fairly rapidly 
after daybreak. 

2.3 WATER LEVEL VARIATIONS 

Tides in the Barataria Basin are generally 
diurnal and small. Mean tidal range at the coast 
(Bayou Rigaud) for 1951-70 was 32 cm, resulting 

M Precipitation 

J F k i A M J  J A S O N D  J  

MONTH 

Figure 7. Average water budget for the upper 
Barataria Basin, 191 4-78 (Sklar 1983). 

in an estimated average gross turnover of lower 
Barataria Bay of 30% per tidal cycle (Marmer 1948). 
The tidal amplitude at Bayou Rigaud is attenuated 
by 68% at Laf itte, 78% at Barataria, and 90% at des 
Allemands (Figure 8; Byrne et al. 1976). Tidal 
range at Bayou Chevreuil is normally less than the 
accuracy limits of the water-level recorder (about 
1.5 cm). 

Compared with a semidiumal tide, a diurnal 
tide implies a lower frequency in inundation, longer 
turnover time, and a smaller volume of water 
available for material transport. Diurnal tides 
respond differently from semidiurnal tides to 
changes in the relative positions of the earth, 
moon, and sun. 

In light of the expected differences in 
response, it is useful to indicate the relative 
degree of the diurnal nature of the tide. The ratio 
of the two principal semidiurnal components 
provides a simple classification of tidal type. 
According to work by Van der Stock (1897), and 
modified by Courtier (1938), a ratio of 0.25 or less 
is indicative of semidiumal tides whereas a ratio of 
3.00 or greater is characteristic of a diurnal tide. 
Values within a range of 0.25 to 3.00 provide a 
relative indication of the degree to which the tide is 
mixed. At Bayou Rigaud, the ratio is equivalent to 
10.67 (Marmer 1954) indicating a diurnal 
dominance. 

Three tidal range cycles--biweekly, 
seasonal, and 18.6 years--affeci the inundation 
regime in the Barataria Basin. Periods of 
increasing tidal range result in greater frequency 
and depth of inundation. The effects diminish 
inland, corresponding with the overall decreasing 
importance of the tide. The following description 
of the tidal range cycles is based on information 
from the coastal station at Bayou Rigaud (Figure 8). 

Although there is a slight difference in 
periodicity, equatorial and tropic tides are basically 
the diurnal analog to spring and neap tides. The 
biweekly change in diurnal tidal range is dominated 
by the changing declination of the moon with 
respect to the earth's ecliptic (approximately five 
degrees north and south), rather than the 
changing phase of the moon. During maximum 
semimonthly declination, tidal range is at its 
maximum (tropic tides). When the moon is aligned 
with the earth's equator, diurnal tidal range is at a 
minimum (equatorial tides). This latter period also 



20 

June 1971 AYOU RlGAU 

v HUMBLE OIL "A" 

Figure 8. Tidal ampliude for five stations in the Barataria Basin. The location for Humble 
Oil "A" is shown because there is some discussion of this station in the text (modified from 
Byrne et al. 1976). 

represents the time when mixed or semidiurnal ,, 
tides may be present in the basin. 

- 

a. -. The variation g 
between equatorial and tropic tides represents the - 
greatest magnitude in range of the tide in the 2 
Barataria Basin. This is apparently true for all areas 2 32 dominated by diurnal tides (Grace 1932; Marmer -I - 
1954). During 1971, peak tropic tidal range 
averaged 45 % above, and peak equatorial tidal 
range averaged 45 % below, mean tidal range at 
Bayou Rigaud. 

b, Seasonal tidal ranae cvcle. Maximum 
tidal range occurs dun'ng the summer and winter J F M A M J  J A S O N  D 

solstices, and minimum tidal range occurs during MONTH 

the spring and fall equinoxes (Figure 9). The 
maximum seasonal variation occurs from Figure 9. Mean seasonal variation in tidal range 
September to December, the difference at Bayou at Bayou Rigaud (Baumann 1980). 

10 



Rigaud being 6 cm, or f 1  OO/o of mean annual tidal 
range. The seasonal changes in tidal range modify 
the effects of the seasonal water level cycle on 
frequency of inundation (see Seasonal Inundation 
of Estuarine Wetlands). 

c. The 18.6-vear tidal ranae cvcle. The 
variation in tidal range at Bayou Rigaud due to the 
18.6-year cycle (Figure 10) is approximately 10 cm, 
or +16% deviation from the long-term mean. This 
is somewhat greater than the seasonal change in 
tidal range (+lo%) and considerably less than the 
biweekly change (+45%). Inundation frequency is 
positively related to the 18.6-year cycle (Figure 
lo), whereas there is no apparent relationship wifh 
duration (percent time). The latter is related more 
to the change in mean water level from year-to- 
year. 

The gradual change in tidal range 
throughout this period is due to the change in the 
inclination of the moon's orbit to the earth's 
equator. During maximum inclination, diurnal tides 
exhibit maximum range. Semidiurnal tides exhibit 
an opposite and lesser magnitude response 
(Marmer 1954). 

2.3.2 Nontidal Water Level Variations 

Meteorological processes are another 
important mechanism controlling water level 
variation and flux in the Barataria Basin. The small 
tidal range increases the relative importance of 
such meteorological variables as wind stress and 
atmospheric pressure. Physical parameters that 
characterize the weather and, in the longer term, 
climate influence short- and long-term hydrologic 
responses. Significant increases in wind stress, 
lasting less than an hour and occurring 
approximately once every three days during the 
summer, minimize vertical stratification in the 
shallow lakes and bays (Hopkinson et at. 1985). At 
the other temporal extreme, a gradual change or 
long-term fluctuation in global climate has resulted 
in an eustatic rise in sea level. 

2.3.3 Short-Term lrn~act of Weather Eventq 
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Water level variations within one to several 
H Inundation days are governed by the combined effects of the 
0-0 Inundation Frequency change in the diurnal tide and climatic factors such - man Tidal Range as wind and precipitation. Wind stress is clearly the 

dominant factor in water level response to 
changing weather conditions at Bayou Rigaud, 
with precipitation (expressed as surplus) having 
little or no effect (Wax 1977). Water levels 
decrease significantly following a midlatitude cold 
front passage (Figure 11). The mean water level 
decrease at Bayou Rigaud, resulting from northerly 
winds, was 15 crn during one year of observation, 
and decreases of over 40 cm are not unusual (Wax 
1977). The magnitude of the response of the 
water level to frontal passages and the frequency 
of this event during winter (5.7lmo) create an 

Z 
important mechanism for material transport in this 

1 low tidal energy environment. As a cold front 
I I I I I 1 

1950 1955 1960 1965 1970 1975 1980 
approaches the area, southerly winds increase in 
speed, resulting in water set-up in the estuary 

YEARS (Figure 11). The relatively strong winds resuspend 
shallow bay bottom sediments, resulting in a 

Figure 10. Variation in yearly range of tide at seasonal peak in turbidity levels (Cruz-Orozco 
Bayou Rigaud and its effects on inundation of the 1971) and net deposition of sediment as winds 
saline marsh (Baumann 1980). abruptly shift from the north, creating decreased 
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accompanying rains. Wax (1 997) attributes Bayou 
Chevreuil's disparate (in comparison to nine 
Louisiana coastal stations) response to the altered 
hydrology of the upper basin. Numerous 
agricultural drainage and oil access canals facilitate 
rapid upland runoff into Bayou Chevreuil. Spoil 
embankments paralleling the canals retard 
overland sheet flow and alter the storage and 
release of flood waters. In essence, water level 
change at Bayou Chevreuil during periods of 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 surplus rain is characterized by an abrupt rise 
(aided by canals) followed by a slow fall (release 

shift to southerly winds from semi-impoundments), a pattern similar to that 

shift to northerly winds 
of upland streams (Wax 1977). 

In summary, wind stress results in a short- 
term water level response of a few hours 
throughout the basin. Water level responses to 
precipitation are very minor at the coast but 
increase substantially in the upper basin. 

2.3.4 Sf"jaonal Water Level Variatioq 

A bimodal distribution of seasonal water 
l o  l2 l4 l6 22 24 26 28 level is fairly consistent throughout the basin 
FEBRUARY (Figure 12); Marmer (1954) has shown this to be 

true throughout the northern Gulf of Mexico. 
Figure 11. Water level and water surplus (excess Annually at all stations there is considerable 
precipitation) in the lower Barataria Basin during variation in the magnitude of water level and in the 
February 1971. Tidal pulses have been filtered months in which the maximas and minimas occur, 
out of the water level data (modified from Wax et al. but the bimodal distribution occurs with a high 
1978). degree of regularity from year to year. Within the 

basin, there is a conspicuous increase in the 
spring maximum in an inland direction (Figure 12). 

water levels (Figure 11) and strong ebb flows, This trend probably reflects increasing upland 
which aid in the transport of particles from the runoff influence as opposed to marine dominance 
marshes to the open bays and gulf (Happ et al. at the Coast (Wax 1977). No ~t~eamflow data are 
1977). Water levels usually increase during all available for the area, but a long-term water budget 
other weather events because of the dominance for the upper Barataria Basin indicates that there is 
of southedy winds, although the response to normally considerable surplus Water generated for 
tropical disturbances is variable (Wax 1977). streamflow during this period (Figure 7). 
Steady-state conditions of water level are generally 
achieved within 24 hrs regardless of the duration Seasonal water level variation along the 
of the weather event, with the noteworthy northern gulf Coast is climatic in origin (Marmer 
exception of gulf tropical disturbances. 1954). Seasonal water level changes at high 

latitudes are primarily a result of barometric 
In the upper basin, the responses of water pressure changes, while at low latitudes, seasonal 

level to wind stress are similar to those at Bayou water level variations are largely changes in volume 
Rigaud. in cases where rainfall is in response to seasonal heating and cooling of the 
generated, water level response upstream in water (Lisitzin and Pattullo 1961). (3x3~  (1962) 
Bayou Chevreuil, unlike Bayou Rigaud, is initially noted that the dominant feature of Water level 
independent of wind stress. Despite northerly changes along the r~ofihem coast of the Gulf of 
winds, water levels typically rise at Bayou Chevreui[ Mexico is the semiannual rise and fall of sea kvei. 
after the passage of a cold front because of &%isonal warming and cooling results in a 
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winds (Chew 1962), and an onshore transport of 
water results in a relaxation of an offshore gyre 
called the Mexican Current (Sturges and Blaha 
1976). Winter and summer correspond with 
maximum westerly winds (southwest in summer, 
northwest in winter), which strengthen the 
Mexican Current, causing an offshore transport of 
water (Sturges and Blaha 1976). 

Other factors that may contribute to the 
seasonal variability of water levels include 
barometric pressure and river and groundwater 
discharge and recharge. At New Orleans, the 30- 
year mean monthly range of barometric pressure is 
6 mb. High barometric pressure during winter and 
low barometric pressure during fall inversely 
correspond with the seasonal water level cycle at 

Lafltte Bayou Rigaud as shown in Figure 12. Several 
investigations have shown that water level 
decreases nearly 1 cm for each 1 mb increase in 
barometric pressure (e.g., Lisitzin and Pattullo 
1961). Thus, the expected mean seasonal range 
in water level as a response to barometric pressure 
is approximately 6 cm, or 25% of the total mean 
seasonal water level change at Bayou Rigaud. 

\ 
Bayou Rlguad 

~ 1 1 1 1 1 1 I E 1 1 1  
J F M A  M J  J A S O N D  

MONTH 

Figure 12. Mean seasonal water level for 
selected stations in the Barataria Basin (Baumann 
1980). 

maximum expansion and contraction of nearshore 
waters in September-October and January- 
February, respectively (Chew 1962; Whittaker 
1971 ; Sturges and Blaha 1976). The secondary 
maximum in spring and secondary minimum in 
midsummer have been attributed to seasonal 
shifts in the wind regime over the Gulf of Mexico, 
resulting in alternating onshore and offshore 
transport of water (Chew 1962). The substantial 
difference from low wind stress in summer to 
higher values in fall accentuates the corre- 
sponding rise in water level, and the reversal in 
direction of high wind stress from fall to winter 
accentuates the corresponding decrease in water 
level (Sturges and Blaha 1976). Spring and fall 
correspond with maximum east and southeast 

The proximity of the lower Barataria Basin 
to the rnouth of the Mississippi River would 
seemingly have an effect on local water levels. 
Meade and Emery (1971) have shown that river 
discharge has a significant effect on year-to-year 
water level variability in the Gulf of Mexico. The 
seasonal relationship, however, does not appear 
to be strong. The spring rise in water level is 
somewhat out of phase with Mississippi River 
discharge, but this could be attributed to a lag 
factor. The more inland stations within the basin 
indicate that local streamflow and runoff has a 
greater effect on water levels within the basin than 
does Mississippi River flow. 

The effects of groundwater discharge on 
estuarine and coastal water levels are unknown, 
but they are assumed to be minor. Groundwater 
discharge is probably fairly constant with no major 
fluctuations that could contribute to water level 
change. 

2.3.5 Seasonal Inundation of Estuarine Wetlands 

The duration of seasonal inundation of 
wetlands in both the upper and lower ends of the 
Barataria Basin (Figure 13) is largely a function of 
the seasonal water level cycle (Figure 12). A 



The relatively constant numbers of 
flooding events in the marsh over the year 
(average of 20lmonth) result from the additive, but 
out of phase, effects of tidal and weather-related 
factors. The seasonal change in tidal range (Figure 
9) is out of phase with the seasonal water-level - Percent time, saline marsh - Percent time, swamp forest cycle (Figure 12). When water level is at a - Frequency, saline marsh maximum in September, for example, tidal range is 
at a minimum, resulting in deep flooding of 
marshes for long periods of time. Thus, the 
seasonal low in frequency of flooding in 
September (approximately 15 events, Figure 13) is 
the result of high ambient water levels above the 
marsh surface. 

On the other hand, frequency of flooding 
in the saline marsh during December (a mean of 
23.4 events) is somewhat higher than the mean 
monthly rate (21.9 events), although water levels 
are below average (Figure 12). Two factors help to 
explain the increase in flooding frequency from 
September to December, despite a 21-cm fall in 

A A O mean monthly water level at Bayou Rigaud. First, 
MONTH tidal range is at a semiannual maximum during 

December and represents a 6 cm (19 %) increase 
Figure 13. Comparison of the seasonal from the September minimum (Figure 9). 
inundation regimes of the saline marsh and swamp Secondly, a seasonal change in the sequence of 
forest, 5-year mean (Baumann 1980). weather events helps to maintain both frequency 

and depth of inundation. During December and 
throughout the winter, winds are directionally more 
variable than during the other seasons, because of 

comparison of flooding duration (percent time) in the higher frequency and greater intensity of 
the saline marsh with that in the swamp forest midlatitude cold front passages (Wax et al. 1978). 
indicates that the duration of flooding increases as With the passage of a cold front, winds are 
a function of distance inland from the coast (Figure northerly, resulting in water levels that fall below 
13). Annually, the saline marsh is inundated some the marsh surface (Figure 11). As the next frontal 
50% of the time, whereas the swamp forest is passage approaches from the northwest, winds 
inundated in excess of 80% of the time. shift at the coast to southerly components. The 

continued approach of the front increases the 
The frequency of flooding is less variable strength of southerly winds that elevate water 

seasonally than the duration of flooding, and levels above the marsh surface (Figure 11). When 
frequency of flooding decreases inland (Figure the front arrives, the cycle is initiated once again. 
13). At the upper end of the Barataria Basin, in the Thus, the combination of maximum tidal range and 
swamp forest, there is no definitive seasonal the passage of cold fronts results in salt marsh 
pattern of frequency of inundation. The swamp flooding during December that is frequent but of 
forest is typically flooded for weeks at a time. On a short duration. 
mean annual basis, the swamp forest is flooded 
only ten times, but cumulatively these flood events Frequency of inundation in the saline 
represent 323 dayslyr. This long-term flooding marsh reaches a secondary minimum from January 
can present problems for the trees (see Chapter through March following the secondary maximum 
4). In the saline marsh, the frequency of in December (Figure 13) because of the continued 
inundation is a function af the seasonal changes in fall in mean monthly water level (Figure 12) partly 
water level due to tidal range and the sequences due to steric effects and a decrease in tidal range 
and aspects of weather events. (Figure 9). The abrupt rise in water level in April 
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caused by shifting winds results in more frequent 
flooding despite the concurrent secondary 
minimum in tidal range. The seasonal cycle is 
completed with a high flooding frequency 
maintained through the summer because of 
increasing tidal range. Climate has less influence 
on frequency of inundation in summer than in 
winter. Winds are generally less intense and are 
directionally less variable during summer than in 
winter. Tropical weather types dominate in 
summer; creating a dominance of southerly winds. 
A synoptic analysis of southeast Louisiana for 
1971 (Muller 1977) indicated that tropical weather 
events occurred 98% of the time in June, 88% in 
July, and 67% in August. Because the wind 
regime is less variable both in terms of direction 
and velocity in summer than in winter, steady-state 
conditions are approached more frequently in 
summer and total water flux is correspondingly 
less. 

In summary, water level variation in the 
Barataria Basin is governed by the combined 
effects of tides and weather events. Because tidal 
range is small, climatic events assume great 
importance. Wind regimes are directionally more 
variable and generally of greater intensity during 
winter. Thus, during winter, steady-state 
conditions are achieved less frequently and total 
water flux is greater. 

decrease in salinity at Grand Terre is of greater 
magnitude and occurs later than that of the inland 
stations. Perret et at. (1971) attribute this to Grand 
Terre's proximity to the Mississippi River Delta, in 

Grand Terre 

St. Marys Point 

-e Bayou Barataria at Lafitte 

J F M A  M J J  A S 0  N D  

MONTH 

Figure 14. Long-term averaged monthly means 
of salinity, 1961 -74 (Byrne et al. 1976). 

2.3.6 Seasonal Salinity 
5 

The long-term mean salinity regime at the 
coast (Grand Terre) is characterized by a spring low 
followed by a rise peaking during early winter " 
(Figure 14). Progressing inland, the seasonal g 
salinity pattern becomes bimodal, with higher - 
salinities occurring during spring and fall (Figures E 
14 and 15). These seasonal patterns and their 3 
spatial variability can be largely attributed to three 2 
factors: seasonal precipitation and evapotran- 
spiration regime, Mississippi River discharge, and 
the seasonal water level cycle. 1 

Rainfall is uniformly distributed throughout 
the year, on a monthly mean basis, with the 
noteworthy exception of a somewhat drier fall J F M A M J J A S O N D  
(Figure 7). Based only on precipitation and MONTH 
evapotranspiration, higher salinities should occur 
in summer and fall. Figure 15. Mean weekly salinity at Lafiie, 1961- 

74. Data are the same as in Figure 14, but the 
Mississippi River discharge may modify the salinity scale has been enlarged (modified from 

timing of seasonal salinity patterns. The spring Byrne et al. 1976). 
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which maximum discharge occurs, on the average, 
one to two months later than local runoff. 

Another apparently important but never 
substantiated factor in the seasonal salinity regime 
of the Barataria basin is the role of the seasonal 
water-level cycle (Figure 12). At Lafitte the two 
patterns closely resemble one another (Figures 
12, 14, 15). There the abrupt decrease in salinity 
from early November to December is enhanced by 
a change in the wind regime, in addition to 
increased precipitation and decreased evapo- 
transpiration. The increase in northerly wind 
components from fall to winter results in a seasonal 
net flow of water from estuary to gulf and a 
corresponding movement of fresh water from the 
upper to the lower basin. The abrupt rise in salinity 
at Lafitte in mid spring corresponds with a seasonal 
rise in water level (with waters flowing in from the 
gulf), as well as an increase in evapotranspiration 
rates. Despite high evapotranspiration rates during 
summer and low surplus rainfall, salinity falls to a 
secondary summer minimum at Lafitte. As in the 
winter, the secondary seasonal low salinity level 
corresponds with secondary seasonal low water 
level. Fresh water stored in the upper basin during 
winter and spring moves down the basin in 
response to the net outflow from the estuary. 

2.3.7 bna-Term Wa-vel Variation 
Figure 16. Variation in yearly mean water level at 
selected stations. Dashed lines indicate that an 
annual mean could not be determined for those 

The one known long-term trend of water periods (Baumann 1980). 
level is the apparent rise in sea level (Figure 16). 
The trends depicted in Figure 16 reflect the 
combined effects of subsidence and eustatic sea Aberrations in the trend of sea level rise level rise. Global eustatic sea level rise has been (Figure 16) have not received much attention and 
estimated to account for cmlyr (Bloom are typically to climatic variability. One 
1977: Gornitz et a[. 19821, a value in close notewo~hy exception is the work of Meade and agreement with tide gauge data from the relatively 
stable west Fbrida coast (Hicks 1981). Emery (1 971), who showed that 21% of the year- 

to-year variation in water levels over the past 

Subsidence is much more important. several decades in the gulf is caused by river 

There was a significant, and as of yet unexplained, runoff. 
increase in the subsidence rate from 0.27 cWyr 
during 1948-59 to 1.29 cmfyr for 1959-71 at 2.4 SEDIMENTATION 

Bayou Rigaud (Swanson and Thurlow 1973). The 
total apparent sea level rise for 1959-79 was 1.23 Unless there are compensating factors, 
cwyr at Bayou Rigaud (Baumann ,980). sea level rise could result in the die-off of 
Differentiation between eustatic sea level rise and emergent macrophytes. Known 
subsidence is functionally unimportant as they rates on Barataria marshes are provided in Table 2. 
both have the same effect--the water appears to Streamside marshes are, in general, keeping Pace 
rise with respect to the land. with apparent sea level rise but streamside 
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sedimentation 

RD 1963-80 

RD 1963-80 

RD 1963-77 DeLaune et al. 1978 

hisual marker -- white clay 

marshes only represent a maximum of 25% of the processes. Before the completion of the artificial 
wetland area in brackish and saline marshes and levee system following the 1927 flood, riverine 
typically less than 5% in fresh marshes. The inland sediments were deposited in the Barataria Basin 
marshes that represent the bulk of the marsh area by overbank flow and crevasse formation. Thus, 
are not keeping pace, which is a contributing factor sedimentation primarily occurred during the spring 
in the loss of 40,000 halyr of coastal wetlands in floods of the Mississippi River. During the present 
Louisiana (Gagliano 1981). The problems of deterioration phase of the basin, sedimentation of 
sediment deficiency and wetland loss are the the salt marsh occurs primarily during winter storm 
result of complex interactions between natural and hurricane conditions (Baumann 1980). These 
processes and man's modification of those latter processes are not sufficient to maintain the 
processes. elevation of the marsh with respect to the sea. The 

wetland loss problem is intensified by other human 
Historically, the bulk of mineral sediments activities, e.g., canals (Craig et al. 1979), and if the 

transported to and deposited on the marsh surface trend continues, the present salt marsh will be 
occurred during flood episodes of the Mississippi converted to openwater within the next several 
River with peak flows typically occurring between decades. 
March and April. A 5-year study examining the 
seasonality of sedimentation in the lower Barataria Canals and the spoil banks that frequently 
Basin (Baumann et al. 1984) concluded that accompany them contribute to land loss directly by 
sediment input from the Mississippi River is no their creation, and indirectly by their alteration of 
longer a viable process. Vertical accretion of the natural flow. Spoil banks retard the exchange of 
marsh is now largely a storm-related phenomena water, sediments, nutrients, and other materials 
with sediments from other eroding marshes and between the marsh and open water areas. Canals 
bay bottoms being deposited. accelerate both the intrusion of salt water and 

runoff of fresh water. Northern Barataria Bay has 
2.5 HUMAN PERTURBATIONS experienced a significant annual increase in salinity 

of 0.108 ppt from 1961-74 (Van Sickle et al. 1976). 
The change in the sedimentation regime Ultimately, the entire basin is expected to become 

of the salt marsh of the Barataria basin is a dramatic an open-water brackish bay or sound unless 
example of human intervention in natural Mississippi River flow is reintroduced to the area. 
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CHAPTER 3 

CHEMISTRY AND NUTRIENT DYNAMICS 

C. J. Madden and R. D. DeLaune 

3.1 INTRODUCTION system. Fertilizer and dead organic material which 
accumulate in the uplands during the summer 

Nutrient dynamics in Barataria Basin are months are flushed through the basin during the 
controlled by the amount of allochthonous fall in freshwater pulses. Biological processes 
materials entering the basin, hydrology, and allow nutrient exchange among atmosphere, 
biological and chemical processes acting within the biosphere, and sediments and also make nutrients 
basin. The hydrologic flow from the upper basin to available for hydrologic transport. A number of 
the Gulf of Mexico carries nutrients entering from biological processes important to nutrient 
the heavily populated uplands surrounding the dynamics have been studied in the basin and will 
upper basin to the upper, middle, and lower be discussed. These include nitrogen fixation, 
basins. The nutrients undergo a series of nitrification, denitrification, ammonification, photo- 
transformations as they move through the basin. synthesis, respiration, and mineralization. 

Upper Barataria Basin is composed of Salinity fluctuations are important in 
fresh swamp forest, marsh, and lake. Around the determining the chemical properties of the water 
upland perimeter, increasing urban, agricultural, as well as the distribution of biota in the wetlands. 
and industrial pollution has introduced nutrient-rich By monitoring the conservative property of salinity, 
runoff to the basin. The middle basin grades into investigators have traced long-term changes in 
brackish marsh surrounding a complex of lakes hydrologic inputs and flows through the basin. 
which act as receiving basins for upland and upper The seasonal salinity regime of Barataria Basin is a 
basin runoff. In lower Barataria Basin, two large complex one controlled by precipitation, winds, 
saline bays, Barataria Bay, and Caminada Bay, and the proportion of Mississippi River and gulf 
which open into the Gulf of Mexico, are bordered water imported through the bay mouths. Strong 
by tidal salt marshes. The distinct upper, middle, northwest frontal passages drive water from the 
and lower basin habitats of Barataria Basin are upper basin to the gulf, freshening the entire basin 
distinguished by their salinity and nutrient regimes during winter. At this time of year, the gulf water 
and by the amount of production they sustain. level is at its lowest, assisting the southward flow. 

In summer, predominantly southeasterly winds and 
Historically, regular inundation of the basin a high gulf water level push salt water into Barataria 

by floodwaters topping the natural levees Basin from the gulf. High evapotranspira- 
introduced riverine water and nutrients to the tion:precipitation (EJ:P) ratios coupled with the 
swamp and marsh. As cultural development gulf backpressure generally cause freshwater flow 
occurred along the river and basin, artificial levees downbasin to cease in July and August, raising 
were constructed, eliminating all riverine input to basin salinity. Precipitation in autumn exceeds 
the basin, Today, the sale hydrologic input is evapotranspiration and freshwater again feeds the 
precipitation, which averages 160 cmlyr (Sklar lower basin. 
1983). Nevertheless, the hydrologic transport of 
sediments and nutrients remains the major The upper basin swamp forest never 
mechanism of nutrient supply in the Barataria experiences salinity. Middle basin salinities range 
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between 0 and 5 ppt depending on precipitation 
and the amount of gulf water driven inland by 
southeasterly winds. The lower basin-bay area 
experiences salinities of 18-30 ppt throughout the 
year. Studies have shown salinity in the middle 
basin to be increasing by almost 0.1 1 pptlyr (Van 
Sickle et al. 1976). At the turn of the century, the 
middle basin was fresh. Encroachment by saline 
water has increased middle basin salinity to 5 ppt. 
Toward the gulf, salinity in upper Barataria Bay has 
increased to 11 ppt where 75 years ago it was only 
6 ppt. Predictive models indicate that overall 
salinity will increase about 30% by the year 2000 
(Van Sickle et al. 1976). 

Increases in salinity are directly and 
indirectly related to human activity. The con- 
struction of artificial levees has stopped the inflow 
of fresh river water to the basin. The dredging of 
linear canals has given saline gulf water direct 
access far upbasin (Craig and Day 1977). Marsh 
subsidence has converted much of the marsh area 
to open water, allowing saltwater intrusion. Natural 
subsidence is a consequence of sediment con- 
solidation and eustatic sea level rise. The 
indiscriminate dredging of canals and construction 
of artificial levees that block the influx of important 
marsh-building sediments from the river has 
unnaturally increased land loss rates to more than 
100 km2lyr (Gagliano et al. 1981). 

the Catchment for all upper basin drainage. It is fed 
by upland runoff through Bayou Chevreuil and 
Grand Bayou. Fresh marsh borders the lake to the 
south and east. 

The natural chemistry of the upper basin 
has been disturbed by urban and agricultural 
activity on the surrounding natural levees. The 
development of population centers has intro- 
duced high levels of nutrients and sediments into 
upland runoff. Impervious urban land areas and 
highly channelled drainage networks in farm fields 
have increased upland runoff volumes and 
changed the natural hydrology of the upper basin. 
These impacts are compounded by canalization of 
the swamp and marsh by oil and gas interests. In 
short, the burgeoning development of the area is 
increasing nutrient input and reducing the capacity 
of the wetlands to process these inputs. The result 
is eutrophication of the basin's waters, a disturbed 
swamp system chemistry, and reduced swamp 
productivity (Day et al. 1982). 

Annual loadings of 1.2 million kg nitrogen 
(N) and 130,000 kg phosphorus (P) are estimated 
to enter the upper basin from all upland sources 
(Kemp 1978). Runoff from agricultural land adds 
more N and P per area than any other land use, 
comprising an estimated 75% of all N and 95% of P 
entering the basin. Seventy-one percent of the 
u~land Barataria watershed is now devoted to 
a$riculture (Hopkinson 1978) and cropland ero- 

Salinity increases are also affecting the sion accounts for over 80% of the 63 million kg or 
production of marsh macrophytes within the basin. 63,000 metric tons of sediment lost annually from 
Recent studies (Pezeshki et al. in press) show that the watershed. Based on predictions of land use, 
salinity increases currently occurring in brackish N loads are expected to increase by 28% and P 
marshes are altering normal physiological functions loads by 16% before 1995 (Hopkinson and Day 
of Spartina Q&DS, the dominant species in the 1980b). 
Barataria brackish marshes. Reduction in primary 
production of marsh macrophytes will affect As a means of quantitatively assessing the 
estuarine carbon cycling and organic carbon pools water quality of Barataria Basin, Seaton and Day 
which are important to vertical marsh accretion. (1979) modified a statistical technique developed 
Organic carbon accumulation is important in by Brezonik and Shannon (1971) which yields an 
maintaining marsh elevations in rapidly subsiding index of the degree of eutrophication in a water 
environments such as the Barataria Basin. body. The Trophic State Index (TSI) ranks bodies 

of water based on a multivariate statistical 
3.2 UPPER BASIN NUTRIENT PROFILE formulation including total N, total P, secchi depth, 

AND TROPHIC STATE and chlorophyJl Ja data (Table 3). By ranking all 
water bodies in Barataria Basin from most negative 

The upper Barataria Basin is dominated by TSI (oligotrophic) to most positive (hypereutrophic) 
swamp forests of baldcypress and water tupelo it was shown that all waterways in the upper basin 
and, in better drained areas, by bottomland clustered together in the eutrophic to 
hardwoods. Lac des Allemands, the major water hypereutrophic range. Poor water quality char- 
body in this section, is always fresh and serves as acterized by high nutrient levels, high alga\ 
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Table 3. Average yearly nutrient and chlorophylla concentrations and secchi depths at several sites 
in Barataria Basin, GlWW = Gulf lntracoastal Waterway. Nutrient data are in mgll; chlorophyll data in 
mg/m3 and secchi in ~ m . ~  

I AredLocation NH4+ NOs- InorgN ~ 0 ~ ~ 3  TON TP Secchi CHLB I 
Upperlswamp 
UpperlSt. James Canal 

Middle/Lake Salvador 
MiddlelLake ~alvadorb 
MiddlelLake Cataouatche 
MiddlelLake cataouatcheb 

LowerIGIWW 0.10 0.48 0.58 0.95 0.89 11 7 
LowerILiile Lake 0.15 0.12 0.27 0.71 0.07 65 5 
LowerILittle ~ a k e b  0.10 0.21 0.31 0.06 54 10 
LowerIAirplane LakeC 0.06 0.04 

a Data from Seaton and Day (1979) unless otherwise noted. 
b From Hopkinson and Day (1 979) 
C From Ho and Lane (1973) 

low water clarity persisted reduce the runoff nutrient loads, resulting in the 
er basin. Downbasin, waters high loading to Lac des Allemands (Butler 1975). 

By constraining canal flow, spoil banks 
restrict the natural lateral transport of water 
necessary for the removal of wastes, the 
replenishment of marsh sediments, and the import 
of new nutrients to the swamp forest. Obstruction 

agricultural drainage of overbank flooding by levees can result in 
ion and the blocking of swamp 
ion. As the density of canals 

is a concomitant reduction in 
basin water storage capacity. 

45) developed a means of 
act of canals on wetlands. The 

st. Drainage Density Index (DDI) reflects the degree of 
canal development in a wetland and is defined as 
the total length of the drainage network per square 
unit of drainage basin. A total of 37.2 linear mi of 
canals criss-cross the upper Barataria Basin 
representing a DDf of 40.0 milmi 2 in uplands (Gael 
and Hopkinson 1979). When upland DDI is 



Table 4. Trophic state index (TSI) classification of Barataria Basin, Louisiana. LB = lower basin, MB = 
middle basin, UB = upper basin, 0 = oligotrophic, M = mesotrophic, E = eutrophic, and H = hypereutrophic 
(modified from Witzig and Day 1983a, b). 

TSI Trophic 
Station Location score group 

Caminada Pass LB -4.8 M-0 
Bayou Rigolettes LB -4.3 M 
Barataria Bay LB -3.8 M 
Lake Salvador MB -3.3 M 
Bayou Perot LB -2.8 M 
Little Lake LB -2.7 M 
Bayou Barataria LB -1.8 M 
Barataria Wateway LB -1.6 M 
Natural swamp stream UB -1.4 M 
John-the-Fool Bayou LB -0.6 M 
L i le  Lake oil and gas field LB -0.4 M 
Bayou Chevreuil 1 UB 6.0 E 
Lake Cataouatche UB 0.7 E 
Bayou des Allemands MB 2.6 E 
Burtchell Canal MB 2.7 E 
Bayou Citarnon UB 3.7 E-H 
Lac des Allemands UB 3.8 E-H 
Bayou Chevreuil2 UB 4.0 E-H 
St. James Canal UB 6.4 H 

recalculated to include all split and quarter ditches 
in sugarcane fields, the index rises to 800 mi of 
canallmi*. 

A strong correlation has been noted 
between drainage canal density and the condition 
of receiving water bodies. In the Gael and 
Hopkinson study, Barataria Basin was divided into 
24 subcatchment areas, including water quality 
stations that had been previously sampled by 
Seaton and Day (1979). Within subcatchments, a 
direct relationship between DDI and the 
deterioration of water quality was found indicating 
that eutrophication in the upper basin is a function 
of the density of drainage canals. In regions of low 
canal density, the upper basin is generally 
oligotrophic to mesotrophic (Craig and Day 1977; 
Seaton and Day 1979). In regions of extensive 
channelization and agricultural development, the 
upper basin has become eutrophic to 
hypereutrophic. Large percentages of agricultural 
land included in two of the subcatchments with a 

large number of canals contributed to the high total 
N loads of 2.0-2.2 mg/l. Catchments consisting of 
underdeveloped natural swamp exhibited good 
water quality and had lower total N values 
averaging 0.67 to 1.1 rng~l. 

Most of the canal development has 
occurred in the last two decades. The nutrient- 
concentrating effect of canals can be illustrated by 
recalculating loading rates to the swamp as they 
would have been without the presence of canals 
and levees. If the 1.2 million kg of N entering the 
basin from upland sources were allowed to move 
as sheetflow over the entire upper basin, the 
annual N load would total about 1.27 g/m2, a 
twenty-fold reduction from current levels of 30.1 
g/m2 to Lac des Allemands. Likewise, the 
132,283 kg of P entering from uplands, distributed 
over the basin floor, would add 0.14 g / d  annually, 
instead of the 4.3 g / d  loaded to Lac des 
Allemands by canal-directed flow (Hopkinson and 
Day 1980a, b). 



Figure 17. Drainage network of the upper Barataria Basin. Stippled areas are 
intensively drained natural levees (modified and used with parmission, from 
Gael and Hopkinson 1979, copyright LSU Division of Continuing Education). 
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Nitrogen-limited freshwater marshes in the 
upper basin can improve water quality by removing 
nutrients from inflowing waters. In one uptake 
study (DeLaune et al. 1986), eight percent of the 
labelled N applied to the freshwater marshes 
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Figure 49. Monthly material export (in metric tons) from the upper 
Barataria Basin to the lower basin as measured in Bayou des Alle - 
mands (A), Bayou Chevreuil (B), and Bayou Boeuf (C) (Butler 1975). 

The P loading rates for Lake Cataouatche leaving the majority of the lake unirnpacted. 
and Lake Salvador are similar (1.6 and 0.97 3. Bayou des Allemands began carrying large 
g/m21yr), but surprisingly Salvador displays none of nutrient surpluses into Lake Salvador only 
the eutrophy plaguing Lake Cataouatche. Several recently and the sediments in Lake Salvador 
factors in addition to the 40% lower P loading rate still possess a great capacity to store nutrients. 
account for the high water quality in Lake Salvador: In contrast, Lake Cataouatche has drained an 

urban center for over three hundred years. 
1. Lake Salvador, with more than four times the Continuous inputs during that period have 

volume of Cataouatche, effectively dilutes the exhausted the sediment buffer. 
nutrient load. 4. Whereas Lake Cataouatche's reduced 

2. Circulation panerns in Lake Salvador tend to sediments release phosphorus to the overlying 
hold nutrient inputs along the western shore, water column, Lake Salvador is oxygenated 
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throughout the water column and into the 
sediments trapping phosphorus in the form of 
ferric-phosphates and adsorbed phosphates 
below the oxidized zone (Craig and Day 1977). 

Like Lake Salvador, Lake Cataouatche 
retains 95% of its P input, but in Lake Cataouatche 
sediment sink processes are not sufficient to 
prevent continuous algal blooms. The dissolved 
nitrate level (0.58 mg/l) in Cataouatche is three 
times Lake Salvador's and particulate organic 
nitrate (PON) is six times that of Lake Salvador. 
The mean chlorophyll a value in Cataouatche of 55 
mglm3 is five times the concentration in Lake 
Salvador. The average basin-wide chlorophyll a 
concentration is 11 mg/m3, 

Bayou Pemt and Bayou Rigolettes are 
parallel, elongated lakes draining Lakes Salvador 
and Cataouatche, respectively. Although the 
water bodies they drain are of very different quality, 
these bayous are similarly high in water quality and 
low in nutrient and chlorophyll concentrations. 
This is of interest considering the very eutrophic 
character of the Lake Cataouatche source water for 
Bayou Rigolettes. The 95% P retention capacity of 
Cataouatche effectively reduces the nutrient 
levels in its outflow, so at this paint in the basin, 
nutrients are reduced to near-natural levels 
through biological and chemical processes and 
from this point on, the basin system shifts from a 
hetsrotrophic to an autotrophic state, 

Nutrient levels in Bayou Chevreuil in the 
upper basin exhibit rapid increases in inorganic 
nutrients during the days following storms (Figure 
20; Kemp 1978). This suggests that accumulated 
nutrients are mobilized quickly by storms and 
cancsntrated in the bayous. These precipitation 
events play an important part in the chemistry of 
the middle basin; seasonal variations in the 
nutrient regime are linked to precipitation patterns. 
In summer, gulf backpressure and high 
evapotranspiration relative to precipitation 
combine to stall hydrologic flow, also shutting 
down the expart of nutrients from the upper to the 
middle basin (Butler 1975). in autumn, when 
precipitation increases, accumulated nutrients are 
flushed into the estuary. High concentrations of 
total P and dissohied organic N are pulsed through 
the system fram the flushing of Ieachates and 
detritus. 

WEIGHTED $DAY PRECIPITATION 
AVERAGE (cm) 

Figum 20. Relationship of precipitation to N:P 
ratios in Bayou Chevreuil (A) and swamp flood- 
water (B) (reprinted, with permission, from Kemp 
and Day 1984, copyright University Presses of 
Florida). 

Hopkinson et al. (1978) described yet 
another mechanism of nutrient enrichment 
important in the middle basin. High rates of 
benthic bacterial respiration have been measured 
in lake sediments, largely driven by the large 
organic input from upstream. Bacteria decompose 
organic material and release N and P in their 
mineral ammonium and phosphate forms to the 
environment. Theoretically, this source of 
liberated "remineralized" P could add another 27 
glmqyr inorganic P to the water column annually. 

3.4 LOWER BASIN 
NUTRIENT DY NAMlCS 

Most of the water reaching the lower basin 
at Barataria and Caminada Bays is imported from 



Little Lake and is of good quality with bw 
chlorophyll a of about 9 mgld,  total P of 0.18 
m@, nitrate of 0.39 mgll, and ammonium of 0.12 
mgA. The artificialiy dredged Barataria Watertnray 
serves as a conduit, discharging enriched upper 
basin water directly into Barataria Bay. However, in 
the down-basin direction, freshwater runoff 
becomes less influential to basin chemistry. The 
Gulf of Mexico, laden with Mississippi River water, 
becomes increasingly important toward the lower 
basin and the proportion of Mississippi and Gulf of 
Mexico water mixing and entering the mouth of the 
Barataria estuary is controlled by wind, current, 
tide, sea level, discharge, and precipitation. While 
the river plume can flow directly into the basin for 
sustained intervals during spring flood, during 
periods of low flow, the river does not impact the 
lower estuary at all. The seasonal importance of 
the Mississippi River to lower basin nutrient 
chemistry is evident in the high correlation 
between river discharge and nutrient levels in the 
lower Barataria estuary. 

In 1973, the Mississippi River flood 
peaked at its greatest discharge in several years. 
Ho and Barrett (1977) took this opportunity to 
make detailed measurements of nutrients along 

the Mississippi River plume westward past the 
Barataria estuary throughout the year. Their 
objective was to determine the influence of the 
river on nearshore gulf and estuarine waters under 
various discharge conditions. 

Salinity transects in January 1973 from the 
upper estuary in Caminada Bay to the gulf crossed 
a number of of distinct water masses. The upper 
region of Caminada Bay draining freshwater 
marshes was characterized by low salinities. At 
Caminada Pass, salinities increased in a gulf water 
mass trapped by the river plume, but again 
dropped farther offshore where stations lay in the 
turbid river plums itself (Figure 21). Silicate, 
phosphate, ammonium, and nitrate levels had a 
strong negative canelation with salinity, rising 
sharply in the riverine water mass, indicating the 
importance of the river as a source of inorganic 
nutrients to the lower basin during high-flow 
periods. In contrast, marsh-drained upper estuary 
waters were an order of magnitude higher in 
organic N than gulf or riverine levels. 

When river flow is adequate and currents 
are favorable for directing the plume into the bay, 
the increased input of nutrients stimulate 
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Figure 21. Nutrient profile for Caminada Bay and nearshore Gulf of Mexico during spring fbod, 1973 
(reprinted, with permission, from Ho and Banett 1975). 

27 



productivity in lower Barataria Basin. During the 
months of spring flood, Barataria and Caminada 
Bays often experience an inverted spatial nutrient 
pattern opposite that of the upper and middle 
basin pattem of decreasing concentrations 
downbay. Instead of decreasing at these times, 
downstream concentrations of inorganic nutrients 
in the lower basin increase toward the gulf 
because of the effect of the river. During these 
periods of high river flow, organic N levels also 
increase toward the gu l  due to increased 
incorporation into organic matter by phytoplankton 
production. During periods of low river flow, 
concentrations of inorganic nutrients and 
chlorophyll 3 are low and further decrease into the 
gu If. 

The marshes in the lower saline portion of 
the Barataria estuary are highly productive. Annual 
marsh net production of 1,176 g organic matter/$ 
measured by Kirby and Gosselink (1976) is 
equivalent to 590 g ~ l & ~ r .  The salt marshes play 
an active role in the nutrient cycling of the basin. In 
general, salt marshes are perceived to be a major 
source of carbon to estuaries and the nearshore 
zone, and many investigators (Day et al. 1973; 
Happ et al. 1977; Craig et al. 1979), in estimating 
high rates of export of C from Barataria Basin, have 
linked the productivity of the vast Louisiana fishery 
to the high primary productivity of Louisiana salt 
marshes. Carbon, in its particulate organic form 
(POC) and its dissolved form (DOC) is produced in 
salt marshes as a result of the breakdown of dead 
organic material and leaching. Day et al. (1973) 
created a budget to estimate the total community 
productivity and carbon flow through the estuary. 
Total marsh aboveground net primary roduction 2' was estimated to equal 759 g C/m annually. 
Consumption of the vascular plant and algal 
production by primary consumers was calculated to 
approximate 50% of the NPP, leaving 382 g 
~/m%yr available as detritus for sedimentation in 
the lower basin, as food, or for export from the 
estuary. Combined with phytoplankton and 
benthic algal production, the input of marsh 
detritus to the waters of the lower basin was 
calculated to be 750 g Clm2/yr for water surface 
fi.e. not including marsh) of which 432 g C/m;l/yr 
was consumed in the water. The fate of the 
remaining 318 g ~/rt-?/~r input to the estuary is the 
subject of some debate, specifically concerning 
whether the carbon is exported or sedimented 
within the basin. Converted to mass per unit of the 
entire estuary surface in the lower Barataria Basin 

(iwluding marsh surface), the surplus available Es 
178 g c/rnqyr. 

Day et al. (1973) expected that the entire 
amount of the surplus was exported from 'the 
estuary to the nearshore zone and very little was 
sedimented, Although no flux measurements 
were available on which to base this estimate, they 
find support in the fact that there is no net gain of 
sediment level in the basin and not more than 0.81 
cm of sediment can accumulate each year based 
on the rate of subsidence. Mineral sediments from 
resuspension in the basin and Mississippi River 
inputs contribute to sedimentation, and the 
organic content of the basin sediment is only 
about 13% Day et al. (1 973) calculated that 1,053 
g/mqyr organic matter or 527 g ~ / r n 2 / ~ r  would 
account for this input, most of which would be 
available from root and belowground production. 
Although there are no root production 
measurements for these marshes, their argument 
that most of the organic material withheld from 
export would come from biomass already 
emplaced in the ground is reasonable. One may 
expect that belowground production is greater 
than aboveground production. Furthermore, 
since much of the bwer basin is not keeping up 
with subsidence, somewhat less than the 527 g 
C/mqyr is required to account for annual p a t  
accumulation. 

Happ st al. (1977) measured concen- 
trations and fluxes of DOC, TOC, and chlorophyll a 
in the lower basin as a means of determining the 
fate of C and found evidence for the export of 
carbon from the Barataria estuary. A gradient of 
TOC from a high of 8.5 mg/l in waters of fringing 
marshes to 5.9 mgfl in the lower bay to 2.8 mgll in 
the nearshore gulf indicated that marshes are a 
source of carbon and that there is movement into 
the gulf. Based on calculations of mixing rates in 
the estuary by Kjerfve (1972) and a flushing time 
of 23 days (Austin 1955), Happ et al. concluded 
that outwelling exports 140-190 g ~ / m 2 / ~ r  from the 
estuary, which is near the value calculated by Day 
et al. (1 973). 

DeLaune et a!. (1978), Hatton (1981), and 
DeLaune and Smith (1984) measured vertical 
accretion rates in Barataria Basin marshes using 
137~s profiles and determined that streamside and 
inland salt marshes are accreting at the rate of 1.35 
cmt'yr and 0.75 cm/yr, respectively, from the 
accumulation of organic detritus and tidally 



imported clays and silts. The organic content 
measured in these soils is about 20°/0, 
representing an accumulation of about 240-390 g 
of organic ~/m2/rr of marsh surface in the form of 
peat (Smith et ai. 1983), indicating that 50%-75% 
of annual marsh production must remain on the 
marsh. Another large percentage is lost as C02 
and CH4 gas, leaving much less net carbon to be 
exported than other studies would indicate (Feijtel 
1985). Smith et al. (1983) calculated that an 
equivalent of approximately 400 g ~ / n ? / ~ r  is 
evolved from the marsh surface as C02 and CH4. 
While some C02 is recycled back into the marsh 
through uptake by photosynthesis, most of it is 
lost to the atmosphere and combined with the 
carbon accumulated as peat; very little of the 
production remains to be exported. However, the 
contribution of belowground production by salt 
marsh vegetation has yet to be determined, and 
this fraction may supply much of the accumulated 
peat, as suggested by Day et al. (1973). The 
amount of belowground macro-organic matter 
(MOM) is several times the organic material in 
aboveground production. Buresh et al. (1980) 
measured a ratio of MOM fractions to aboveground 
matter of 5.7 in Barataria salt marshes; however, 
little is known of turnover rates of belowground 
production. 

Faijtel et at. (1983) synthesized existing 
carbon flux data and estimated carbon flow along a 
salinity gradient in Barataria Basin. Using a mass 
balance approach, they found an estuarine carbon 
surplus of 130-230 g/m;l/yr which originated 
primarily in the tidal salt marsh. Carbon export from 
marshes to adjacent water bodies decreased with 
distance upbasin from the Gulf of Mexico. 

In contrast to upper basin marshes, which 
receive almost no mineral sediment, the influx of 
Mississippi River water through the lower basin 
mouth provides mineral sediments for salt 
marshes, augmenting the nutrient supply and 
enhancing sedimentation. The sediments making 
up the wetland soils of the basin are largely 
unweathered recent Mississippi River alluvium. 
For this reason the marshes usually contain 
adequate supplies of most of the major plant 
nutrients such as phosphorus, potassium, calcium, 
and magnesium as well as essential micronutrients. 
Barataria Basin salt marshes have been shown to 
serve as great nutrient sinks (DeLaune et al. 
1981), accumulating N and P at rates of 21 g/m2 
and 1.79 g/m2 annually. The bulk of active plant 

roots are found above 30 cm depth' and as the 
marsh accretes, the N and P below this depth 
become unavailable as a source of nutrients to the 
plants and are lost from the system. 

Enrichment experiments (Patrick and 
DeLaune 1976; Buresh et al. 1980; DeLaune et a!. 
1983) have shown N to be limiting to the growth of 
the spar ti^ salt marshes. Despite the large 
reservoir of organic N in marsh soils, the short term 
supply of N to plants is governed by the rate of 
mineralization of organic N to the ammonium form. 
in these marshes this occurs at a rate of 25 g 
~ / r n q ~ r  and represents 60% of total inputs 
(DeLaune et al. 1979). Increases of up to 25%- 
30% in plant biomass and height have been 
stimulated by the application of supplemental 
ammonuim N to marsh sites. While supplemental P 
was rapidly taken up by marsh plants, there was no 
increase in growth response, although luxury 
consumption increased tissue P concentrations by 
20%. 

Organic enriched mineral sediments 
provide the greatest source of N to the lower basin 
marshes, but a significant part of the N input is 
contributed by the fixation of atmospheric N by 
heterotrophic bacteria associated with the marsh 
plants (Casselman et al. 1981). Partitioning 
experiments by Casselman et at. (1981) indicate 
that negligible fixation occurs in open water or on 
the plants themselves (only up to 0.2 g ~ / d / ~ r )  
while marsh soil adjacent to lant roots is the site of 
intense fixation: 4.5 g N1 4 /yr in inland marshes 
and 15.4 g ~ / r n 2 / ~ r  in streamside marsh. In the 
case of streamside marsh this represents almost 
40% of the total N budget of the plants. 

T ia l  fluxes provide the important link 
between lower basin marshes and the open waters 
of the lower Barataria Basin, Caminada Bay, and 
Barataria Bay. Denitrification rates are low in the 
marsh (approximately 3-4 g ~/m;l/~r; DeLaune et a!. 
1983) and thus by far the major N bss from the 
marshes (and consequently the important inputs 
to open waters) is due to tidal export of detritus. It 
is estimated that approximately 40% of the net 
abovegrw nd N production (10-12 g 
NIrn2lyr) is lost in this fashion. Because P is not 
transformed into a gaseous phase in its nutrient 
cycle, all P export from the salt marsh (1.0 g 
~ / m 2 / ~ r  or about 36% of production) is via tidal 
export as well. Marsh vegetation is thus pumping 
N, P, and G from sediment and atmospheric 
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reservoirs into the lower estuary in the form of 
leachates and detritus. However, nutrient inputs 
from the accretion of mineral sediments, nitrogen 
fixation, rainfall, and the import of organic material 
from the upper Barataria Basin far exceed the 
export and loss of nutrients in the lower basin, 
making the Barataria salt marsh a net importer of N 
and P. 

3.5 SUMMARY 

The Barataria Basin is a dynamic chemical 
link between land and sea in coastal Louisiana, In 
recent years, its hydrology and chemistry have 
been altered by the natural abandonment of the 
river channel and by human activity, and what once 
was a flow-through estuary dominated by riverine 
processes is now a swamp-lake system whose 
chemistry is largely controlled by precipitation and 
tides. Levees have isolated the basin. Canal 
dredging and increased pollution are creating a 
steep biological and chemical gradient along the 
basin characterized by eutrophy and heterotrophy 
in the upper end and autotrophy in the saline end. 
Upper basin photosynthesis:respiration ratios 
(P:R) of 0.71-0.76 (Day et al, 1977) contrast 
sharply with lower basin P:R ratios of approximately 
1 (Allen 1975). 

The upper basin may be experiencing 
problems because natural controls of nutrient 
fluxes and primary production have been 

compromised. Productivity and nutrient leveis in 
the upper basin are tied to the seasonali pattern of 
precipitation, upland nutrient runoff, and fertilizer 
application (Stow et al. 1985). Productivity in the 
middle basin follows a more erratic, aseasonal 
pattern, and is dependent on water clarity and 
depth (Day et al. 1982). Winds, river discharge, 
and tides control nutrient flux and primary 
productivity in the lower basin. 

Sealing of the basin borders with levees 
has robbed the upper basin of its sediment 
source, essential to maintaining the wetland 
against continuous loss to subsidence. In the 
lower basin, organic accumulation is supple- 
mented by Mississippi River sediment, deposited 
by tidal inundation. The salt marshes experience 
an average of 160 major inundations per year, 
while fresh marshes experience only 20. With a 
lack of new mineral sediment input, marshes 
throughout the basin are deteriorating rapidly. 

New nutrient inputs each year total only 
one-fifth to one-half the nutrients regenerated 
within the basin. The effect of these new inputs is 
to stimulate higher productivity and alos higher 
recycling rates as more organic material is supplied 
to benthic remineralizers. High nutrient loads have 
created an immensely productive heterotrophic 
upper basin, but the natural buffering capacity in 
the middle basin has thus far protected 
downstream waters from eutrophy. 



CHAPTER 4 

VEGETATION: COMPOSlTlON AND PRODUCTION 

by 

W. H. Conner, J. W. Day, Jr., J. G. Gosselink, 

C. S. Hopkinson, Jr., and W. C. Stowe 

4.1 INTRODUCTION 

The distribution and composition of 
wetland plant communities within the Barataria 
Basin has been described by a number of 
researchers (Penfound and Hathaway 1938; 
O'Neil 1949; Chabreck 1970, 1972; Chabreck and 
Linscombe 1978; and Wicker 1980). Primary 
productivity has been measured in the swamps 
(Conner and Day 1976; Conner et al. 1981), in the 
marshes (Kirby and Gosselink 1976; Hopkinson et 
al. 1978, 1980; Sasser and Gosselink 1984), in the 
bayous and other water bodies (Allen 1975; Butler 
1975; Day et al. 1977; McNamara 1978; 
Hopkinson and Day 1979), and in the Gulf of 
Mexico (Sklar 1976). In this chapter the major 
wetland habitats of the Barataria Basin are 
described, and t,he factors influencing species 
distribution and productivity are discussed. 

4.2 AQUATIC PRIMARY PRODUCTION 

There is a distinct difference between the 
lower saline part of the basin and the upper fresh 
water zone in terms of aquatic productivity and 
community metabolism. Waterbodies in the upper 
basin have high levels of primary productivity, a 
pronounced summer pulse, and strongly 
heterotrophic characteristics. The lower basin 
aquatic community is less productive and lacks a 
consistent seasonal trend, and respiration 
generally balances aquatic primary production. 
Waterbodies in the upper basin have high nutrient 
levels leading to high primary productivity. In the 
lower basin, where light sometimes reaches the 
bottom, there can be significant benthic primary 
production. Nutrient levels, water clarity, and water 

depth are the parameters which most affect 
production. Production studies have been 
conducted by Day et al. (1973,1977), Butter 
(1 975), Allen (1 973, Sklar (1 976), McNamara 
(1 978), and Hopkinson and Day (1979). 

4.2.1. Lac des Allemand$ 

The uppermost lake in the basin, Lac des 
Allemands, is continuously fresh. It is surrounded 
by swamp and fresh marsh and receives drainage 
from a number of bayous and canals which receive 
runoff from wetlands and uplands, principally 
agricultural fields. Gross production in the water 
column of Lac des Allemands is very high (3,286 g 
0~/rn2/~r), because of nutrient-enriched runoff 
(Day et al. 1977). There is no seasonal pattern of 
primary production in the bayous. In Day et al.'s 
study, Lac des Allemands was productive all year, 
but production was considerably higher from April 
through September because of dense blue-green 
algal blooms. The bayous have a shallower water 
column, less production (762 g 02/m2/~) due to 
shading by overhanging trees and floating 
vegetation, and high turbidity caused by 
agricultural runoff. There is no measurable 
phytoplankton production in water overlying the 
swamp surface (McNamara 1978). 

Both the lake and the bayous are 
heterotrophic (Figure 22). This reflects the high 
proportion of wetlands and uplands in the upper 
basin and the export of organic matter to the 
watertmdies. The highly eutrophic nature of Lac 
des Allernands can also be demonstrated by the 
phytoplankton communtiy. Mean annual phyto- 
plankton density was 52,800 algal unitslml with a 
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Figure 22. Aquatic productivity of Lac des Allemands and Bayou Chevreuil. NDP 
is net daytime productivity and NR is nighttime respiration (reprinted, with permission, 
from Day et al. 1977, copyright Academic Press). 

range of 18,900 to 93,900 algal unitstml (Day et al. 
1977). Seventy percent of the phytoplankton 
community was composed of blue-green algae. 
Filamentous Anabaena sp., A. affinis, A. & 
aauae, Anabaeno~si~ elenkinii, and 
S- dominated during the late summer while 
the colonial Chrococcus ~ n i n i m ~ ,  G. D a t J ,  
Gloeoca~s~ punctat?, and Merismoo& 
fennissima dominated during the spring. 
Unicellular and small colonial forms of the green 
algae were abundant year-round but reached their 
maximum in the late summer. The dominant 
organisms in this peak were Pediastrum 
biradiatum, Scenedesmus -, and 
Staurastum -. The diatoms, the other 
major component of the Lac des Allemands 
phytoplankton community, exhibited a winter 
maximum with a large number of small pennate 
forms. Generally the pennate to centric ratio was 
4:l. The most common diatom taxa were Nitzschia 
sp.,LQa!m,Utrvblonella,&dissir>ata,Cvclotella 
kutzinaia, and Gmahiniana. 

4.2.2 Central B;1SiO 

In the central part of the basin are three 
lakes that show a transition from fresh to saline 

conditions. Lake Cataouatche is a slightly brackish 
lake (0-2 ppt) with a maximum depth of about 2 m. 
It is bordered by fresh and intermediate marshes, 
predominantly bulltongue falcata) and 
cattail (&q&a spp.). It receives urban runoff 
directly from the New Orleans metropolitan area. 
Lake Salvador is also slightly brackish (0-5 ppt) with 
a maximum depth of 3 m. It is bordered by cypress 
swamp and bulltongue marsh. It does not directly 
receive upland runoff, but receives drainage 
waters from the upper basin via Bayou des 
Allemands and from Lake Cataouatche as well as 
from surrounding wetlands. Little Lake is a tidally- 
influenced brackish water lake (2-10 ppt) with a 
maximum depth of less than 2 m. The surrounding 
marsh is primarily S~artina patens. Liile Lake 
receives runoff from surrounding wetlands as well 
as from the upper basin. In the past, Little Lake 
was the only waterbody connecting the upper and 
lower basins. However, the oonstruction of the 
Barataria Bay Waterway (Figure 3) has caused a 
shift in the water flow in the basin. Much water 
which would normally flow through Little Lake now 
bypasses it and flows through the Barataria 
Waterway (Hopkinson and Day 1979). Thus it is 
less affected by upper basin and upland runoff 
now than in the past. 



Productivity patterns in the three lakes 
reflect the degree to which upland runoff affects 
the lakes (Figure 23). Gross production was 
highest in Lake Cataouatche (2,222 g 0~1m*/~), a 
result of high nutrient loading from upland runoff 
(Hopkinson and Day 1979). Mean annual chloro- 
phyll in the lake was about 50 mg/m3. Gross 
production in the other two lakes was significantly 

SEASONAL GROSS PRODUCTION 
.... + .... Lake Cataouatche 

14 . . - Lake Salvador 
12 I. ; - Little Lake ' % 

. - . . 

organisms in Lake Salvador were Chlamvdomonas 
SP., C hroococl;l~i dis~ersus, .Cvclotella 
menahiniana, Didoneus j?IIi~tica, Gvmnodinium 
fuscurn, Qchromon;l~ sp., Peridinium ~inctum, 
Merismo~edia Ienuissina, Trachelomon~ &pj&, 
and coccoid blue-greens. Dominant within Little 
Lake were Chrococcus disoersus, Chlamv- 
domonas sp., Coscinodiscu~ sp., Cm~tomonas 
lower; however, Little Lake was higher than Lake 
Salvador (1 307 g O2 as compared to 1058). Mean 
annual chlorophyll in Lake Salvador and Little Lake 
was 12 and 10 mglm3, respectively. Nutrient 
levels in the two lakes were about the same. The 
higher production in Little Lake seems to be 
caused by the production by benthic algae. The 
shallow depth and clear water allow light to 
penetrate to the bottom at times. 

10 ANNUAL MEAN 
' E  8 The Lake Cataouatche phytoplankton 
O* 6 community reflects eutrophic conditions but at 
0) 

4 lower levels than Lac des Allemands. Mean annual 

2 
phytoplankton density for Lake Cataouatche was 
25,100 algal unitslml with a range of 16,560 to 

0 
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31,200 algal unitslml, which is much lower than Lac 
des Allemands. The dominant blue-areens were 
the colonial and single coccoid forms. The coccoid 

CT~ON forms (which were never satisfactorily identified) 
were common in all samples. Numbers of colonies 
peaked in early November and May. The most 
prominent colonial forms were Merismo~edia 
punctata, Microcvstis aeruainosa, Gom~hoswheria 
sp., and Gloeocapsa sp. Unicellular and small 
colonial greens were second in prominence with a 
fall maximum. The most common taxa were 
Scenedesmus suadricaua, S. gyadricauda , S. 
alternatq, S. gcuminatus, Chlarnvdomona~ sp., and 
Chlorella ~~. The diatoms, while conspic- 
uous, were less significant producers than in Lac 

NIGHTTIME RESPIRATION des Allemands. The dominant diatom taxa 
Cvclotella stria&, Diploneus alliptica, Nitzschia sp., 

ANNUAL MEAN 
N. linearis, and Surirella robust4 were most com- 
mon during the winter. 

Phytoplankton densities in Little Lake and 
Lake Salvador are lower than Lake Cataouatche 
with mean annual population densities of 6,500 
and 9,200 algal unitslml respectively. Density 

DJ F M A M J J A S O N D J F  
MONTHS 

ranged from 1,500 to 12,300 algal unitslml for 
Little Lake and from 5,400 to 13,300 algal unitslml 

Figure 23. Community gross production, net for Lake Salvador. In both lakes, diatoms, green 
daytime photosynthesis, and nighttime respiration algae, and flagellates were more important than 
in three Barataria lakes (reprinted, with permission, blue-green algae. Blue-green algae dominated 
from Hopkinson and ~ a y  1979, copyright Plenum the winter months, while diatoms were dominant 
Press) during the spring and fall seasons. The dominant 
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sp., Cvlindrotheca fusiformig, Cyclotell~ sp., 
S3vmnodinium sp., Dchromona sp., and 
Peridinium Dentaaonum. 

Hopkinson and Day (1979) found that in 
Little Lake monthly change in secchi depths (i.e., 
water clarity) was strongly correlated to the 
magnitude of production. When water trans- 
parency increased (February and April, for 
instance), significantly higher production took 
place (Figure 23). Lake Salvador, by comparison, 
has similar water transparency but is deeper and 
light never reaches the bottom. All three lakes 
were heterotrophic, ranging from -350 g ~ ~ / m * / ~  
for Cataouatche to -117 for Little Lake (Table 5). 
We believe that in the absence of direct upland 
runoff, waterbodies would have two patterns of 
productivity. Shallow lakes throughout the basin 
would have seasonal patterns like Little Lake and 
Airplane Lake. Deeper lakes would be similar to 
Lake Salvador. 

Seasonal patterns in the three lakes also 
reflect the impact of nutrient loading, water clarity, 
and depth. The upper basin is characterized by 
clear seasonal patterns while the lower basin is 
oscillatory. Lake Cataouatche with high nutrients 
and turbidity is similar to Lac des Allemands. There 
is high productivity from May through September. 
Lake Salvador also shows a distinct seasonal 
pattern, but summer production levels are 
considerably less than in Lake Cataouatche. 
There is no consistent seasonal pattern in Little 
Lake. Here water clarity seems to the major factor 

determining production patterns. Lake 
Cataouatche probably was similar to Little Lake 
before the introduction of upland runoff, both in 
terms of total production and seasonal patterns. 

Aquatic production in the saline waters of 
the lower Barataria Basin (Day et al. 1973, Table 5) 
was somewhat higher than in the nonenriched 
waters of Little Lake. With the exception of 
periodic summer blooms, there was not a striking 
productivity difference between summer and 
winter (Figure 23). Allen (1975) measured aquatic 
productivity at four sites in saline and brackish 
waters in the Terrebonne Basin (west of the 
Barataria Basin). These waters received very little 
upland runoff. Both the levels of production and 
the seasonal patterns were similar to those found 
in Little Lake and the lower Barataria Basin. The 
results of these two studies are plotted with those 
of Nixon and Oviatt (1973) to emphasize the 
differences between the subtropical coast of 
Louisiana and a north temperate area in New 
England (Figure 24). Productivity levels are 
generally similar from April through September, but 
production is much lower in New England during 
the rest of the year. 

In a study of Airplane Lake, Day et al. 
(1973) separated water column and benthic 
production. Production by benthic diatoms and 
algae was about 20% higher than by 
phytoplankton. Thus the results from both Little 
Lake and Airplane Lake indicated that bottom 
production is significant. In both of these areas, 
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Hopkinson and Day 1979 
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Figure 24. Seasonal gross production curves for 
Airplane Lake (Barataria Basin), Terrebonne Basin, 
and New England salt marshes (Allen 1975). 

the shallowness of the water was critical in allowing 
light penetration to the bottom. This happened 
often enough so that there was significant 
production. In Airplane Lake the dominant benthic 
forms were diatoms (Day et al. 1973). 

Airplane Lake phytoplankters are domi- 
nated by diatoms and dinoflagellates. These 
phytoplankters have a mean annual density of 
16,500 algal units/ml with a range of 7,740 to 
28,100 algal unitslml. Dominance is very seasonal; 
the diatoms predominate during the winter while 
the dinoflagellates reach their maximum during the 
summer. The dominant phytoplankters are 
Cvlindrotheca fusiformis, Actinootvchus undu- 
W, Astronella Bponica, Biddul~hia m, 
Shaetoceros breve, Coscinodiscus sp., G. 
centralis, C radiatus, Ceratium hircus, 
~vmnodiniumbrevis. Goniaula~ sp., Prorocentrum 
micans, P. maximum, and P. comDressum. 

These results also indicate that the factors 
controlling productivity change from the upper to 
the lower basin. In the upper basin, nutrient 
loading from upland runoff clearly controls both 
seasonal pattern and the magnitude of production. 
In the lower basin a combination of water clarity and 
depth is important. 

4.2.3 Nearshore Gulf 

The nearshore area off of Barataria Bay is 
strongly influenced by the discharge of the 
Mississippi River. This fresh water, being less 
dense than the salty gulf waters, floats on the 
surface and moves in variable directions 
depending on winds, tidal currents, and oceanic 
currents. Sometimes the plume forms a giant gyre 
that sweeps in a clockwise direction and directly 
impinges on the Barataria area. Surface salinities at 
the coast then drop to low brackish levels. 

Light levels, salinity, nutrient concen- 
trations, and productivity are directly related to the 
influx of Mississippi River water (Skiar 1976). 
Maximum surface productivity occurred in April 
during maximum river discharge, whereas the 
minimum occurred in September when river 
discharge was low (Figure 25). Surface measure- 
ments of annual net productivity were generally 
higher in turbid coastal waters (brown water) off 
Barataria Bay than in relatively clear gulf waters 
(green water) further offshore. Total annual pro- 
duction of 266 g ~ / m 2  was estimated for the 
nearshore area off of Barataria Bay. Happ et al. 
(1977) measured a mean chlorophyll 3 concen- 
tration of 7.6 mg/m3 in these offshore waters. The 
impact of estuarine outwelling on the nearshore 
phytoplankton is unknown. However, Sklar and 
Turner (1981) found that during the winter months 
when northerly winds decrease the water levels in 
the marsh, there was evidence that the Baratartia 
Bay exported nutrients, and this increased the 
primary production of the coastal waters (Figure 
25, January). 

4.3 WETLANDS OF THE 
BARATARIA BASIN 

Two major aspects of wetland composition 
from swamp to saline zones are decreasing 
diversity and increasing consistency of community 
composition (Table 6).  The total number of 
species identified for each wetland type is: 
swamp, over 200; fresh marsh, 154; brackish 
marsh, 23; and saline marsh, 25 (Conner et: al. 
1986). Stands consistently dominated by S~artina 
alternifbra are common in both the salt and 
brackish marsh zones. In the fresh marsh, 
Panicurn hemitomon covers over 41% of the total 
area; however, there are large expanses where it is 
a minor component or absent. In the swamp forest 





Table 6. Plant species composition of marshes in the Barataria Basin (after Chabreck 1972). I 

Panicum hemitomon 
Maidencane 41.4 

Saaittaria falcata 
Bulltongue 17.4 

Alternanthera ~hiloxeroide~ 
Alligator weed 3.4 

Tvwhasp. 
Cattail 2.6 

Echinochlawalteri 
Walter's millet 2.2 

Bchhornia ~ rass ipe~  
Water hyacinth 2.0 

Polvaonum sp. 
Smartweed 1.6 

Decodon verticillatu~ 
Water willow 1.2 

Viana 
Deer pea 1.2 

Zizaniopsis miliacem 
Giant cutgrass 1.4 

Bacooa monnieri 
Waterhyssop 1.8 12.0 

l&Exusoderatus 
C yperus 3.2 2.7 

Eleocharis sp. 
Splkerush 12.3 1.8 

P l u c h e a ~ m p h o r ~  
Camphotweed 8.4 

lDomoeasaaittata 
Morning glory 0.7 

SoartinarJatens 
Saltmeadow cordgrass 

Distichlis s~icata 
Saltgrass 

Eleochari~ parvulq 
Dwarf spikerus h 2.8 

Scirpus olnevj 
Olney's three-comer grass 1.7 

S~artina alterniflora 
Salt marsh cordgrass 

Jyncusl~ernerianu~ 
Black rush 

Batis maritima 
Saltwort 
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characteristic of poorly drained and frequently effects. The total annual inundation time does not 
flooded areas while bottomland hardwoods are vary much across different marsh habitats, but the 
found on slightly higher, better drained areas. frequency of inundation (a measure of marsh 
Brown (1972) stated that a 15-cm difference in flushing) is lowest in freshwater areas (Figure 26). 
wetland elevation is more significant in changing As a result, much of the production of the 
plant communities in Louisiana than 30 cm in emergent plants accumulates in place. This often 
mountains. In the Barataria Basin, swamp lands gives rise to floatant or floating marsh. Fioatant 
make up 16% of the total area (Table 1). marsh consists of a dense mat of vegetation 

supported by detritus several feet thick, which is 
held together by a matrix of living roots and 

Of the habitats in the basin, plant diversity extends outward from the true shoreline. In 
is greatest in the swamp forest. Over 200 species theory, as the bottom and floating layer accumulate 
of plants have been noted in this area (Conner et more material, they merge, forming a new 
al. 1975). Baldcypress and water tupelo are the shoreline. However, in the Lake Boeuf area this is 
dominant trees in the Barataria swamp. Drummond not happening (Sasser and Gosselink 1984). 
red maple (Acer ntbrum var. drummondii), ash 
(Fraxinug sp.), and a number of woody shrubs One of the most obvious differences 
such as Virginia willow (h virainica) and between swamp forest wetlands and fresh marsh 
buttonbush (Cephalanthu~ pccidentalig) are also wetlands is the increase in organic matter content 
relatively dominant. In the slightly drier areas, of the soils in the fresh marsh. Much of the detritus 
species like cottonwood (Ponulus heteronhvlla), deposited on the surface of the fresh marsh is not 
black willow ( , hackberry (CeItis exported. This added to root production results in 
laeviaata), locust (Gleditsia sp.), oak (Quercus a buildup of peat. The organic content of fresh 
spp.), and hickories (Gayasp.) are found. marsh soils is approximately 65%, double that of 

swamp soils. 
Cypress lumbering thrived in Louisiana 

between 1880 and 1925. Unfortunately there are Maidencane (Panicurn J~emitomM), or 
no accurate records to verify how much was cut 'paille fine" as the French-speaking natives call it, 

arsh is characterized by 
groups of associated 
arsh type. The plant 
this habitat is the 

hich typically includes 
crassioes), duckweed 
ce (Pistia st-@, 

marsh zone begins around Lac 
nd extends south to the Gulf Brackish and salt marshes are dominated 



- 
E z 
U) 
W 
I 
I- 

s a l i n e  

brackish K 
W 

f r e s h  al a - swamp 3 

* 
0 
Z 
W 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

WATER INCREMENTS (ft ABOVE MSL) WATER INCREMENTS (ft ABOVE MSL) 

Figure 26. Percent of the year one can expect the water level to be above a specified height (A) 
and the number of times during the year one can expect the water to exceed a specified height (B) 
(Byrne et al. 1976). 

4.3.3 Brackish Mash 

A broad band of brackish marsh exists in 
the Barataria Basin. This marsh zone is the most 
extensive and productive of all wetland types. It 
also seems to be the most vulnerable to loss since 
the brackish marsh is disappearing at a rate higher 
than any other (Craig et al. 1979). This zone 
represents the first vegetative unit in the salinity 
gradient to be strongly influenced by tidal action. 
Salinity averages between 2 to 10 ppt, but can vary 
from fresh conditions to almost ocean levels. 
Salinity is strongly influenced by runoff of rain 
water from the upper basin and by movement of 
gulf waters up the basin during high tides or storm 
surges. Storm surges periodically raise water 
levels and increase salinity. Sustained winds, 
however, are probably the most important factor in 
marsh flooding; northerly winds tend to depress 
water levels, while easterly and south- 
southeasterly winds tend to increase water levels 
by forcing water up into the estuary against the 
slight surface slope. During periods of heavy 
rainfall these marshes are flushed with freshwater. 

The most common plant in the brackish 
marsh is saltmeadow cordgrass (Spartina w. 

Other major macrophytes are Distichliq s~icata, 
Juncus roe me ria nu^, and spp. Although 
freshwater and brackish water bayous are similar in 
many aspects, the latter differ because of the 
alternating current patterns. Because of the 
salinity, floating aquatic plants like Lemna minor 
and Eichhornia crassines are not prominent. 

4.3.4 Salt Marsh 

Salt marshes have been extensively 
studied and are the best understood marsh type in 
the Barataria Basin. Salt marshes are for the most 
part higher energy habitats than other marsh 
zones. Though water levels on the marsh are 
generally shallow, tidal inundation is frequent 
(Figure 26). Salinities vary seasonally and 
sometimes daily, depending on climatic factors. 
Salinities are highest during summer when surplus 
rainfall is low and gulf water levels are high. 
Conversely, during spring floods water from the 
Mississippi River and from the northern part of the 
basin causes the salinity to drop. 

aart ina ~Itemiflora is the dominant 
species of the salt marsh. The saltvvorts, 



maritima and Blicornia virainw, occur to a 
significant extent only in the saline marsh. An 
interesting feature of aartina altemiflora stands is 
the occurrence of distinct height forms along a 
gradient from streamside to inland. Along the tidal 
creeks, Spartina plants are approximately 1 m tall 
while further inland they are 4 0  cm tall (DeLaune 
et at. 1979). 

Even though emergent plants produce 
the bulk of the energy fixed in salt marshes, 
epiphytic and benthic algae are also abundant. 
While epiphytic production is dwarfed by that of 
the marsh macrophytes, they are highly significant 
for the quality of their productivity (Mason and 
Bryant 1 975). 

In the lower Barataria Bay Spartina 
alferniflora, the dominant emergent plant, serves 
as a host substrate for four genera of macroscopic 
algal epiphytes; Polvsiphoniq sp. and Bostrychia 
sp. dominate during the summer while Ectocamus 
sp. and sp. dominate during the 
winter (Figure 27A). These epiphytes on S, 
alterniflora are restricted to a horizontal band no 
wider than 70 cm from the shoreline and usually 
less than 10 cm wide (Stowe 1972). The 
microscopic algal community is dominated by 
diatoms with occasional species of the blue-green 
genus airulina being found. The diatoms occur 
in densities of about 105/cm2 culm surface area 
and decrease in density with distance from the 
shoreline and with elevation on the culm (Stowe 
1982; Figure 27B). The dominant diatom taxon is 
Dsnticula subtilis which exhibits an inverse relation 
with height, increasing in relative abundance with 
elevation (Stowe 1980). Stowe (1982) gave a 
detailed analysis of the diatom community 
associated with&aIternifIora. 
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Figure 27. The seasonal biomass cycles of the 
major macroscapic algae in the salt marsh (A) and 
density and occurrence of microscopic epiphytes 
(B). "Inland" in the lower graph represents all the 
marsh area over 70 cm from the lake edge (Stowe 
1972). 

storms. In a controlled system like the crayfish 
farm, however, water levels are kept at about 40 cm 
through the winter and spring. During the summer 
the area is normally dry. 

Stem productivities and litterfall have been 
4.4 WETLAND PRODUCTIVITY measured in the three areas for 3 years (Table 7). 
4.4.1 S-1 Even though the stem growth of individual 

baldcypress and water tupelo in the permanently 
Functionally, the swamp forest is similar to flooded area (Figure 29) is greater than in the other 

the marshes. Seasonal flooding provides optimum areas (presumably the result of r€duced 
conditions for growth (Conner and Day 1976; competition and greater sunlight), the fewer 
Conner et at. 1981). Flooding, however, varies number of trees in that area results in lower areal 
from area to area within the swamp. This is productivity (Conner et af. 1981). Average 
illustrated for three sites in the Barataria Basin aboveground net production values of 1344, 906, 
(Figure 28). Water levels fluctuate depending and 1915 g dry wm2/yr have been measured in 
mainly upon rainfall, which causes the water level the seasonally flooded, permanently flooded, and 
to rise during and after rainfall and fall between crayfish farm, respectively. 
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k' J F M A M J J A S O N D  

(B) PERMANENTLY FLOODED 

W J F M A M J J A S O N D  

(C) SEASONALLY FLOOD@ 

J F M A M J J A S O N D  

Figure 28. Water level fluctuations in three 
swamp areas (reprinted, with permission, from 
Conner et al. 1981, copyright American Journal of 
Botany). Water depth in this case refers to depth 
above the forest floor. 

- - Permanently flooded - - 
209.9 212.8 256.2 

202.5 153.6 

176.6 176.4 

328.7 271.8 257.1 
925.9 903.3 

- - Crayfish farm - - 
387.8 523.6 628.4 

332.4 390.4 380.1 



At first glance, these results indicate that 4.4.2 
the productivity of the permanently flooded area is 
nearly as high as for the seasonally flooded I We estimated the average productivity of 
swamp. However, the mahetable forest species in each marsh type using measured and estimated 
the flooded area are declining because of a lack of productivity values for species which occur there 
recruitment. Only 943 treeslha are found in the (Table 8). For the brackish and saline marshes, we 
permanently flooded area as compared to 1,303 were able to account for a large percentage of the 
treeslha in the seasonally flooded swamp and production with production values measured in 
1,564 treeslha in the crayfish farm. A significant Louisiana; therefore the average values should be 
portion of the productivity of the permanently fairly accurate. For the fresh marsh,however, a 
flooded area is due to small shrubs like high percentage of the over-all average is based 
buttonbush, snowbell, and maple which are on estimates. Thus, these values must be con- 
becoming dominant as the tupelo, baldcypress, sidered tentative. We will consider reasons for this 
and ash die or are blown over. pattern in the next section. 
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Brackish marshes have the highest overall 
aboveground net primary productivity of all marsh 
types in the Barataria Basin, followed by saline and 
fresh marshes (Table 8). This results from high 
production values reported for S, oateos. the 
dominant species in this marsh type. For those 
species whose productivity has been measured in 
the Barataria Basin, S, ggitaks is apparently the 
most productive, followed by $ roe me ria nu^, D, 
e, S,alterniflora, and Lfalcata (Table 8). 

The productivity of two freshwater marsh 
species has been studied in coastal Louisiana. 
Hopkinson et al. (1978) measured the productivity 
of falcata at 1,501 g dry ~ t / m ~ / ~ r  (Table 
8). -mites australis was slightly more 
productive at 2,318 g dry wt/m2/~r. Production of 
these two species was seasonal, with the highest 
rates in summer and lowest rates in winter. Peak 
live biomass ocurred in June for S. falcata and in 
late summer for Phraamites (Figure 30). Minimum 
values of winter live biomass were very low for both 
species. Dead biomass exhibited the opposite 
pattern for both species. This type of seasonal 
production is common in the fresh marshes 
because of the abundance of annual species. 
Though fresh marshes have not been studied as 
much as salt marshes, Whigham et al. (1978) 
showed in a summary of productivity data from 
fresh marshes along the Atlantic coast that they 
can be as productive as salt marshes. 

The production of Spartina 0-s and 
Distichlis s~icata reaches a maximum in the 
brackish marshes (Payonk 1975; Hopkinson et al. 
1978; Cramer et al. 1981). Net primary production 
was 3,237 g dry wt/dlyr for Q. s~icata and 6,043 
for S. m. Both species had considerable live 
standing biomass throughout the year. There was 
a seasonal trend for both live and dead biomass for 
I2, m, but there was no clear trend for S. 
patens 30). 

Production of salt marsh grasses is 
generally high. Net aboveground production of S. 
alternifiora was measured by Kirby and Gosselink 
(1976) and Hopkinson et al. (1978). The 
measurements for streamside productivity were 
close; 2,645 and 2,658 g dry wt/m2/yr, 
respectively. Both researchers reported clear 
seasonal patterns for both live and dead biomass 
(Figures 30 and 31). Peak live biomass occurred in 
late summer while dead biomass reached a peak in 
mid winter and a minimum in late summer. Loss of 

dead grass is due to decomposition and physical 
flushing of the marshes by tides. Loss rates are 
low in winter due to low water levels and low 
temperatures which inhibit decomposition. Loss 
rates are highest in the spring because of higher 
temperatures, more frequent flooding, and a high 
biomass of dead Y Production 50 m inland 
was 1,323 g dry wt/m yr (Kirby and Gosselink 
1976), one-half of streamside productivity. 

Hopkinson et al. (1 978) also measured the 
production of roemerianus and S. 
cvnosuroide~ as 3,416 and 1,355 g dry wt/m21yr, 
respectively. There was a clear seasonal pattern 
for live biomass for S. $vnosuroide% but not so for 
dead biomass (Figure 30) or for dead or live 
standing crop for Junc-us. A significant difference 
in biomass between Barataria Bay and other areas 
of the U.S. is the low proportion of live to dead 
vegetation. On an average annual basis, there is 
always more dead material than living, with live to 
dead ratios in the Barataria area ranging from 0.21 
to 0.91. Using end-of-season biomass maxima, a 
live to dead ratio of 0.7 to 1.0 was obtained. This is 
much less than 5.3 from Georgia (Srnalley 1958) or 
2.1 for Maryland (Keefe and Boynton 1973). 
Turner and Gosselink (1975) reported ratios in 
Texas averaging 1.5, slightly higher than in the 
Barataria Bay. These low ratios may be a reflection 
of high turnover rate of live vegetation and low tidal 
energy of the Louisiana coast (Hopkinson et 
al.1978). 

4.5 FACTORS AFFECTING 
MARSH PRODUCTIVITY 

Studies in Louisiana and elsewhere 
suggest that nutrients and hydrology are important 
in determining production ievels, These two 
factors are highly interrelated and do not act 
separately. Patrick and DeLaune (1976) reported 
that additions of nitrogen, but not phosphorus, 
stimulated short SDadina growth in Barataria 
marshes. The standing crop of tall S~artina was 
not affected by the application of fertilizer. 

This finding is consistent with other 
environmental studies from the Atlantic coast 
(Sullivan and Daiber 1974; Valiefa and Teal 1974; 
Broome et al. 1975; Gallagher 1975; Mendelssohn 
1979). Although this seems to indicate that the 
short form is nitrogen limited, other factors may be 
involved. Mendelssohn (1978,1979) suggests 
that intense soil anaerobiosis resulting from poor 
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(reprinted, with permission, from Hopkinson et al. 1978, copyright Ecological Society of America). 
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Flgum 31, Live and dead standing crop of streamside and inland alterniflom(reprinted, with 
wrmission, from Kirby and Gosselink 1976, copyright Ecological Society of America). 

soil drainage may inhibit nitrogen uptake directly by areas receive less sediment and are primarily 
decreasing the amount of oxygen available for anaerobic. 
active uptake or indirectly by generating 
substances which are potentially toxic to active Several studies have shown that alteration 
nutrient uptake. This inhibition is overcome with of normal hydrological conditions can affect 
the application of nitrogen fertilizer because the structure and productivity of wetlands. 
concentration gradient of available nitrogen into Mendelssohn et al. (1981) reparted that 
the root is increased. The lack of an increase in hydrological modifications of salt marshes that 
standing crop of the tail form after fertilization may cause increased waterlogging may affect plant 
be due to greater input of nutrient enriched productivly. As an example, the Leeville oil field 
suspended sediments (DeLaune et al. 1979), and lies on the western boundary of the Barataria Basin 
to the fa@ that these areas am primarily aerobic in SPabina. &rnZbra marsh. There is a dense 
(Mendelssohn et al. 1981) whereas the inland network of canals dug for access to drilling sites. 
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Spoil disposal levees line many of the canals. 
Allen (1975) reported that estimated standing live 
Soartin4 biomass was 50% lower in marshes 
surrounded by spoil banks than in a comparable 
control site. In the same area, the density of 
natural tidal channels was inversely related to the 
density of artificial canals (Craig et al. 1979). On a 
broader level, the erosion rate of wetlands was 
correlated with the density of canals (Craig et al. 
1979). Erosion is part of the deltaic cycle, bpt the 
present rate is 3-4 times higher than would bccur 
naturally (Craig et al. 1979). 

was negative during most of the year. Only during 
periods of thinning S m  and low temperatures 
was the inland community a positive net producer. 
Both communities have very high respiration rates 
(Figure 3%). Integration of the area under the 
curves for gross production and respiration show 
the shoreline community to contribute a net of 16 
g ~ / m % ~ r  to the water column while the inland 
community required an additional input equivalent 
to 63 g ~lm2/yr for maintenance to .account for 
measured levels of respiration. 

The pattern of highest marsh productivity 
in the mid-Barataria Basin (Table 8) may be caused 
by a combination of hydrologic factors and nutrient 
levels. The upper basin is characterized by higher 
nutrient levels and the lower basin by much more 
frequent flushing of marshes by tidal action. We 
have shown that both of these factors are related 
to marsh productivity. It may be that the optimum 
conditions for marsh growth occur where there are w 
enriched waters and enough tidal action so that 
marshes are flooded regularly (Schelske and 
Odum 1961). 

4.6 SALT MARSH 
EPIPHYTIC ALGAE 

Epiphytic algae have been studied only in 
the salt marshes (Stowe 1972, 1980, 1982). In l o  
general, the productivity is low compared to that of ,f 

the vascular plants. Production dynamics are a 
reflection of several interacting factors: shading by 
the S~at'tina canopy, the seasonal dominant 

2 ' lo 

macroscopic algal form, water level, salinity, 
frequency of flooding, and temperature. Stowe 
(1972) studied the structure and productivity of 
microalgal communities on the shore of Airplane 
Lake and 1.5 m into the marsh. The shoreline 
community receives direct sunlight all year and 
maintains a higher level of production. 

In terms of their relative productivities, the 2 
shoreline and inland microalgal communities are 
very distinct (Figure 32A,B). The shoreline MONTH 
community exhibited maximum rates of production 
during the periods of Bostrvchiq and Polvsi~honia Figure 32. Metabolic rates of the epiphytic 
dominance. The inland community was always community associated with %B&s~ alterniflpr;a 
very low. Net productivity of the inland community (Stowe 1972). 



CHAPTER 5 
ZOOPLANKTON 

by 
W. H. Conner and J. W. Day, Jr. 

5.1 INTRODUCTION Along the Louisiana coast there have 
been few detailed studies of zooplankton. Two 

As primary consumers, zooplankton are studies investigated zooplankton populations in 
important organisms in estuarine food webs. They the Barataria Basin. Gillespis (1971, 1978) 
provide one of the links between primary inventoried the zooplankton of Barataria and 
producers, predominately marsh grass and Carninada Bays as part of a study of the nearshore 
phytoplankton, and higher trophic levels. Many and inshore saline waters along the entire 
commercially important fish depend on zoo- Louisiana coast. Bauchard and Turner (1976) 
plankton, bath as adults and postlarvae, as their characterized zooplankton along a salinity gradient 

food source. The bay anchovy (BLlC;hP3a, from fresh to salt water in and adjacent to the 
the most abundant fish in brackish water of Barataria Basin (sampling locations for these 

the BarataAa Basin (Wagner 1973; Chambers studies are given in Figure 33). Other studies in 
198[1), depends largely upan zooplankton Louisiana have been conducted by Darnel1 (1961), 
throughout its Ils (Damell 1961). Stern and Stern (1969), and Stone et al. (1980) in 

@ EoUchard and Turner (1 976) 



Lake Pontchartrain, C U ~ O ~  du Rest (1963) in 5.2 SPECIES COMPOSITION 
Chandeleur and Breton Sounds, and DeNoux AND DlSTRlBUTlON 
(1976) in the Calcasieu Estuary. It is the purpose 
of this chapter to describe species composition 
and distribution, seasonal variations, and food Studies within the Barataria Basin indicate 
habits of zooplankton within the Barataria Basin that the zooplankton community is dominated by 
and to compare patterns found here to those in copepods, especially the genus Acartia (see Table 
other estuarine areas. 9 for a complete listing of the zooplankton species 

Table 9. List of zooplankton found in the Barataria Bay estuarine 
complex with the habitat in which they have been collected. NS = 
nearshore waters, SM = saltmarsh, BM = brackish marsh, FM = fresh 
marsh, and SW = swamp (Sources: Gillespie 1971,1978 and Bouchard 
and Turner 1976). 

Species Habitat 1 
Protozoa 

Noctiluca~intillans. 
Hydrozoa 
Ctenophora 
Rotifera 
Nematoda 
Pelecypoda, larvae 
Gastropoda 
Mollusca 

Pelecypoda - larvae 
Gastropoda 
LaevaDex SP. 

Annelida 
Polychaeta - larvae 
Oligochaeta 
Hirundinea 

Cladocera 
&!YQ!xi SPP. 
Bosminq lonairostri~ 
CeriodaphnG kustr is 

laticaudata 
Lreticulata 
Lriauadi 
Pseudochvdoru~ alobosus 
l2!Xh.u- 
Dadava macroDs 
DaDhnia ambiaua 
Llaevis 
D. pawula - 
mhanosoma brachvuruq 
D. luchtenberaianum - 
m s m i n a  U b o c i ~  
Fuwalonap~cidentali~ 





Table 9. Continued. 

Species Habitat 

C v c I o ~  nearcticu~ 
panamensis 

Lrubellus 
Lthomasi 

vernalis 
Ectocvclo~~  halera at us 
L- 
Eucvc lo~~  sp. 
m s  foster1 

albidus 
M. akc 
Mesocvclo~sedax 
hi, inversus 
L J , s  
Oithona sp. 
Oncaeamediterranea 
0. coniferq 
Orthocvmmodestus 
earacvclogs- 
Saphirella sp. 
S;apghirinafliaromacul& 
Tro~ocvclo~s prasinus 

Harpacticoida 
Altheutha sp. 
Emasilus sp. 
Futergina gcut i f ro~ 
Macrosetellq sp. 

Caligoida 
Caliaus SP. 

Arguloida 
Aroulus SP- 

Ostracoda 
larvae 

Amphipoda 
Atvlus sp. 
Gammarus mucronatus 
5:era~uz sp. 
HvDeria sp. 
CaDrella SP. 

lsopoda 
Aeaathoaoculata 
S~haeroma guadridentaturq 
Edotea montosa 
Svnidotea sp. 

Cumacea 
Oxvurwl is smith 

M ysidacea 
Mvsidoosi~ almvra 

Stomatopoda larvae 



Table 9. Concluded. 

Species Habitat 
Decapoda 

Penaeida larvae NS,SM,BM,FM 
m a m e t i c a n s  carolinm NS 
Lucifer faxoni NS,SM 
Leand~&nuicorni~ NS,SM 
Brachvura, zoeae NS,SM,BM,FM,SW 

and megalops 
C-2- NS,SM 
Procambarus clarkii FM,SW 
P a l a e m  sp. NS,SM 

Arachnida BM,FM,SW 
lnsecta larvae SM 
Coleoptera larvae BM,FM,SW 
Diptera larvae SM,BM,FM 
Ephemeroptera nymphs FM,SW 
Hemiptera FM 
Odonata nymphs FM,SW 
Ophiurae 

0 ~ h i o ~ l u t e n ~  lawae NS 
Chaetognatha 

2iiUuahisPida NS,SM 
Urochordata (tunicates) NS,SM 

(3ikooleura SP- NS,SM 
Jloliolida sp. NS 

Fish eggs and larvae NS,SM,BM,FM,SW 

reported from the basin). Bouchard and Turner 
(1976) found A. tonsa made up about 51% of the 
annual average zooplankton count from oligo- 
haline to polyhaline waters. Gillespie reported that 
A. fonsa accounted for from 48% to 67% of - 
average annual zooplankton counts. Gillespie 
(1971) found A tonsa in all salinity (0.3 - 30 ppt) 
and temperature (5 to 35 OC) ranges encountered 
in her study. This species has been reported as 
dominating zooplankton populations in different 
areas along the northern gulf coast from Texas to 
Florida (Davis 1950; Simmons 1957; 
Woodmansee 1958; Cuzon du Rest 1963; 
Hopkins 1966; Gillespie 1971, 1978; Bouchard 
and Turner 1976). Other important copepod 
species found in the Barataria Basin were 
C e n f r o ~ a ~  h a w ,  CvcI- sp., Diaotornus 
sp., EfaxhQs Dhaleratus, Eucvcloas SP.9 
O'ihona sp., ~ d o d i a Q t o m u ~  ~oron-, 
Temora sp., and Taranus sp. 

Gillespie (1971) reported that cteno- 
phores were often the most conspicuous zoo- 
plankers in high salinity waters of the Barataria 
Basin. Ctenophores were taken throughout most 
of the year, especially during the summer (Gillespie 
1971, 1978). The most common species were 
Reroe- and MnemiQgSiS m c c r a .  

Meroplankton were often abundant in 
zooplankton tows. Fish larvae and fish eggs were 
found throughout the Barataria basin. Fish larvae 
consisted primarily of Brevoortia Qatronus, Anchoa 
rnitchilli, Menid'i m, and w-. 

5.2.1 Freshwater 

Both brackish and freshwater species 
were captured in the freshwater stations. 
Population concentrations were not high, but the 



diversity (68 taxa) was much greater than in more 
saline areas. 

Rotifers, copepods, and cladocerans were 
the dominant organisms in freshwater samples. 
When the rotifers reach peak productivity, which 
occurs once or twice a year, they may constitute 
almost the entire zooplankton community. During 
this period, the individual rotifers often measure 
less than 0.1 mm and volumetrically compose a 
smaller portion of the sample than the actual 
numbers suggest. Cladocerans were the most 
diverse group of zooplankters with 17 species 
identified. Cladocerans, like cyclopoid copepods, 
were present yearround, but never in large 
numbers. All cladocerans except Diaohanosoma 
and Moina spp. were strictly freshwater species. 
The calanoid copepods were represented by the 
freshwater species, Diaotomus dorsalis, Q. 
~ iahard ,  Q. m, and QSphrantieu 
labronectum; the brackish water species, 
m m o r a  aftinis; and the euryhaline species, 

Severai oligohaline cyclopoid 
copepods species were found in fresh water: 
_C;vclops vernalis, I;. p;lnametlSiS, EucvcloDs SP., 
and Tramcvcl~g~ sp. Eight species of cyclopoid 
copepods were found in the freshwater samples; 
only one brackish water species, J-ta1icvclo~ 
foster!, was noted. 

Copepod nauplii occurred in small 
numbers throughout most of the year. Cirriped 

nauplii (barnacle) and brachyuran (true crabs) 
zoeae occurred in small numbers in the latter part 
of the year and were not found at all during the rest 
of the year. 

The back swamp was rich in both numbers 
and diversity of zooplankton. Cyclopoid copepods 
dominated the community, making up about 50% 
of the total population each month. E u c v c i ~  
;agilis,-Drasinus, andCvcioDsvernalis 
were the most abundant cyclopoids. Rotifers were 
not overly abundant, except in November when 
they composed about 40% of the zooplankton 
assemblage. The cladoceran species composition 
changed throughout the year as various species of 
the 25 identified species of cladocera replaced 
each other. Moina micrura was the dominant 
cladoceran in August. Daohnia sp. were the most 
dominant species in September. Dianhanosona 
branc became dominant in October. 
C e r i o z  sp. predominated in November and 
March, and were replaced by Simocenhala 
g x ~ i n o s ~  in December and January. mvdorm 
~ohaericu~ predominated in February. 

The zooplankton population in the 
oligohaline zone was low in both numbers and 
diversity (Table 10). Only 21 taxa were identified. 

I Table 10. Zooplankton concentrations and species diversity counts within Barataria Bay. I 

Zone 

Bouchard and Turner Gillespie 
(1 976) / 1978) 

Avg.~o . /m~ #sp. Avg. ~o.lm3 No. sp. 

I Coastal waters I (offshorelnearshore) 

Inshore saltwaters 19,158 28 5,246 31 

Brackish waters 1,417 2 1 

Freshwaters 12,682 68 

Backswamp 29,078 59 
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Meroplankton were also common g 
members of the Barataria zooplankton. Annelid g 
worms, predominantly polychaete larvae, were 
occasionally taken in plankton samples at different 3 
periods throughout the year The most common f~ 
polychaete larvae belonged to Nereis Syccineg 2 
Small bivalve larvae were collected occasionally. 5 
Fish eggs and larval fish occurred throughout the 
year. In Gillespie's (1971) survey, the greatest f numbers of fish eggs along the Louisiana coast A M J  J A S  O N D J  F M  
were encountered in the coastal waters of the MONTH 
Barataria Basin. 

Figure 35. Monthly zooplankton for Barataria 
Bay with Acadia separated out for comparison 
(Gillespie 1971). 

5.3 TEMPORAL VARIABILITY 

Each habitat of the Barataria basin is 
characterized by a distinct seasonal zooplankton 
population pattern. Bouchard and Turner (1976) 
found only a winter peak of total zooplanton at their 
backswamp sampling location. Their freshwater 
and brackish locations were characterized by a fall 
population peak. Saltwater locations exhibited 
seasonally variable population peaks, with 
nearshore and offshore locations exhibiting peaks 
in the spring, fall, and winter. The data of Gillespie 
(1971) illustrates seasonal patterns for the higher 
salinity areas of the Barataria Basin (Figure 35). 
Total numbers fluctuate monthly, but minimum 
numbers occur during the winter months. The 
year to year variation is considerable (Figure 34). 

The seasonal abundance of the major 
zooplankters for the different habitat types 
throughout Barataria Basin is presented in Figure 
36. A. Bnsa, the most numerous zooplankter, 
exhibited spring and fall reproductive peaks. 
Cyclopoid copepods and cladocera were most 
abundant in the fall. Late summer-early fall peaks 
were characteristic of brachyuran zoeae. Nauplii 
and rotifera showed no seasonality. Nauplii were 
abundant year-round, while rotifera were only 
present occasionally. 

5.4 FACTORS AFFECTING 
ZOOPLANKTON DENSITIES 

5.4.1 Bioloaical Fac to~  

Bouchard and Turner (1976) found three 
important factors in the regulation of zooplankton 
densities: (1) predation by nekton and 
ctenophores, (2) duration of the larval stages of 
meroplankton, such as crab zoeae, shrimp, and 
fish larvae, and (3) changes in the aquatic 
environment brought by the populations 
themselves. Changes in zooplankton density can 
be directly correlated with the breeding cycles of 
the holopianktonic copepods. Gonzalez (1 957) 
found that the distribution of & tonsa was, in all 
probability, affected by competition with other 
species. Distributional data on & in the 
Barataria Basin indicates it thrives in areas of low 
salinities, even though it is remarkably adaptable to 
a wide range of salinities from 0.3 to 30 ppt. The 
lower salinities found in the basin probably limit 
competition from other copepods (Conover 1956; 
Cuzon du Rest 1963). Ctenophores can be the 
most important group of predators affecting 
zooplankton populations because of their extreme 
local abundance and voracious feeding habits. 
Bouchard and Turner (1976) and Gillespie (1978) 
found that the presence of ctenophores is usually 
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Figure 36. Seasonal abundance of zooplankton in different habitat types throughout the basin 
(Bouchard and Turner 1976). 

accompanied by a decrease in the & zooplankton species she encountered are 
population. apparently triggered by temperature. Gillespie 

(1971) found that salinity appeared to be the chief 
5.4.2 Phvsical F a c t o ~  controlling factor in the number of species 

present, while temperature, competition, and 
Darnell (1962) noted that since the predation control the number of individuals 

Barataria estuary is shallow, it is subject to great present. 
fluctuations in factors of the physical environment. 
The success of each zooplankter is dependent Bouchard and Turner (1976) found that 
upon favorable conditions of salinity, turbidity, the distribution of zooplankton species is 
temperature, and other factors, reflected in such influenced largely by salinity, while the numbers of 
weather related phenomena as rainfall patterns, individuals are determined by other physical and 
wind regimes, storms, hurricanes, floods and cold biological parameters. Tidal flushing and constant 
waves. Population peaks of different species inflow of freshwater carrying organic detritus and 
usually follow in a succession determined by (1) inorganic nutrients act on the numbers and 
external environmental conditions, and (2) species composition of estuarine zooplankton. 
changes that the populations themselves bring River discharge, water depth, and tidal changes 
about in their environment. When nutrient levels are examples of other physical factors affecting 
are low, rates of reproduction and densities of zooplankton populations. Turbidity and dissolved 
organisms decline. At the same time, conditions oxygen are the major chemical factors affecting 
become favorable for other species, and new zooplanktonpopulations. 
populations appear (Ruttner 1968). 

5.5 FOOD HABITS 
Gillespie (1 978) found spring zooplankton 

peaks along the Louisiana coast were related to Zooplankton population levels follow 
temperature. Lowest annual water temperatures peaks of food production. In most estuaries the 
coincided with lowest zooplankton counts. She zooplankters feed on phytoplankton (Peters 
further found that direct relationships between 1968; DeNoux 1976) or ingest detritus or both 
standing crops and salinity variations are not (Darnel1 1967). Most zooplankters are considered 
evident. Reproductive cycles of most of the to be herbivorous filter feeders and will consume 
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any small suspended particulate material. Detritus marshes due to tidal flushing and the constant 
is the most abundant suspended particulate inflow of freshwater carrying organic detritus and 
material in the waters of the Barataria Bay and thus inorganic nutrients. There is a year-round suppfy 
is probably a major food source (Day et al. 1973). of detritus in the waters of the Barataria Basin that 
In Louisiana waters the zooplankton peak could supply food to zooplankton populations 
coincides with a high rate of detrital loss from the (Day et al. 1973). 



CHAPTER 6 

BENTHOS 

W.B. Sikora and F. H. Sklar 

6.1 BENTHIC SWAMP COMMUNITIES and the lack of osmotic stress from tidal inputs of 
salt. The types of macrobenthos which compose 

6.1.1 Introduction the freshwater swamps of Barataria, their habitat 
preferences, their temporal variability, and their 

Although more than one half of all the possible trophic relationships will be discussed in 
freshwater wetlands in the continental United thissection. 
States are located in Louisiana, almost all benthic 
studies have been in northern or saltwater 6.1.2 Jlistribution and Abundancg 
wetlands (Crow and MacDonald 1978). It has only 
been within the last decade that synoptic surveys In a two year survey of three swamp sites 
of Louisiana's swamp forests have revealed an of the upper Barataria Basin, Sklar (1983) identified 
abundant and highly complex invertebrate 66 taxa of aquatic invertebrates (Table 11). Most of 
community (Bryan et al. 1976; Beck 1977; Ziser these animals were not routinely present; only a 
1978; Sklar 1983). In the upper Barataria Basin, few dominated at any one time. There were 17 
high population densities appear to be partially the taxa of aquatic i vertebrates that averaged over 3 result of high primary production, moderate 100 individualdm , including two taxa of worms, 
flushing rates with a distinct hydrologic seasonality, one amphipod, and a dipteran which averaged, for 
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Rhynchobdellida 
Nephelo~sis obscura 

Asellus obtusus 

Hvalellaazteca 

Enallaama spp. 

Mesovelia mulsantj 
Belostornil bakeri 
Meopla&j& 
Siaara grossolineata 
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l - l v d r o ~  sp. (larvae) 
Hvdro~orus sp. (adult) 
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Table 11. Concluded. 
Average 

Feeding individual weight 
Taxa type (mg AFDW) ~o./m* 

Planorbidae 
Helisoma~rivoIvo~ SC 0.08 142.5 (57) 
Promenetus sp. SC 0.08 178.5 (84) 

Anacylidae 
Ferressia rivularis SC 0.08 313.5 (75) 

Pelecypoda 
Sphaeriidae 

Sphaeriurn artumeium FI 4.26 258.8 (83) 

a Byear period, over 1,000 individuals/m2. Forty- golvrhiza, Wolffia, and Wolffiella) act as substrates 
four percent of the axa sampled averaged fewer and food sources for backswamp benthic 1 than 10 individuals/m . populations (Sklar 1983). The two backswamp 

habitats studied by Sklar (floating vegetation and 
During low runoff periods and in areas with sediment) were composed of many of the same 

little water exchange, the roots and leaves of taxonomic assemblages (Table 12). However, the 
floating macrophytes (Lemna DM, Spirodela floating vegetation population had significantly 

Table 12. Average density/rn2for each taxa. ANOV is the probability of equal values from the 
sediment and floating vegetation (Sklar 1983). 

Sediment Floatina veaetation ANOV 
Taxa Number YO Number O/O (PbF) I 

Amphipoda 
Coilembola 
Coleoptera 
Decapoda 
Diptera 
Ephemeroptera 
Gastropods 
Bivalvia 
Hemiptera 
Hydroidia 
lsopoda 
Lepidoptera 
Neuroptera 
Odonata 
Oligochaeta 
Rhynchobdellida 
Tricladida 

Total 6,110 16,903 0.001 a 

a Highly significant. 



greater densities of Amphipoda, Coleoptera, aquatic habitats (Sklar 1983). Their likely 
Diptera, Ephemeroptera, Gastropoda, Hemiptera, importance as a food source for aquatic predators 
Hydroidia, Lepidoptera, Odonata, and Tricladida. (Hansen et al. 1971; Platt 1981; Whitlatch 1981) in 
Amphipoda composed 46% of the invertebrate combination with their great abundance suggests 
assemblage in the floating vegetation but only that they have a significant influence upon the flow 
2l0lO in the sediment. Oligochaeta exhibited the of carbon and nutrients through the swamp 
opposite trend: 42.7% of the bottom population ecosystem. A recently developed computer model 
were worms as compared to 24% in the floating of benthic community dynamics (Sklar 1983) which 
population. Diptera composed almost equal pro- traces the flow of organic carbon through the 
portions of the sediment and floating vegetation various aquatic components indicates that of the 
communities. 1,269 g 0 ~ 1 m ~ / ~ r  (gross primary production plus 

leaf fall) entering the aquatic mmunity in a 9 crawfish pond, only 186.5 g OM/m Iyr is exported. 
It is unknown just how important the The rest is processed by the benthic communities 

floating macrophyte community is to the sediment and accumulated in the sediment. 
community. Interactions between these two 
important swamp habitats needs to be in- 6.1.3 33-s 
vestigated. However, according to Bryan et at. 
(1976), mats of floating vegetation act as great The seasonal distribution of macro- 
"rivers" of dispersal, depositing a variety of aquatic invertebrates from the swamp habitats in the upper 
invertebrates over the rich forest floor. The basin is bimodal (Figure 37). There is an early 
community structure of the floating habitats lend summer peak and an autumn peak. The autumn 
support to this idea because many members of the peak decreases as cold weather sets in. Winter die- 
floating macrophyte community are actually backs of floating vegetation greatly reduce benthic 
detritivores (i.e., flatworms, oligochaetes, insect population sizes. As temperatures increase in the 
larvae, and isopods), which are not generally spring, densities of all benthos (i.e., floating and 
considered water-column organisms, bottom) rapidly increase. Population densities 

decrease again in late summer in response to two 
The invertebrate communites associated factors; a hydrologic factor and a chemical factor. 

with floating mats of duckweed in Barataria Basin 
are remarkably similar to those associated with 
floating water hyacinth mats ( M o r n i a  crassioes) 
in Florida. O'Hara (1967) identified 55 species of 
invertebrates associated with water hyacinth in 
Lake Okeechobee, Florida, of which 50% are the 12 
same as the ones in upper Barataria. Although 
water hyacinth has two to three times the root mass -- 10 
and surface area of duckweed, the density of the 3 
associated macrofauna in Florida water hyacinth - 
was the same as that in Barataria duckweeds 8 

(1 6,484 individuals/m2 and 16,903 individualslm2, ;ii 
respectively). In Barataria, as in Lake Okee- 6 

chobee, the floating macrophyte communities are 
dominated by the amphipod, Hvalella azteca. The 4 

importance of this organism is not clear; however, 
in Florida, Hansen et al. (1971) tagged water 
hyacinth with P~~ and found that ]-fval& ickxa 2 

was the major consumer of the floating vegetation 
and the dominant prey for some 70% of the 0 

J F M A M J  J A S O N D J  
aquatic animals. MONTH 

The abundance of macrobenthos from the Figure 37. Seasonal density variations for the 
Lac des Ailemands swamp in the upper Barataria four most dominant taxa, all swamp sites combined 
Basin is greater then that found in a variety of other (Sklar 1983). 
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Natural swamp hydrology results in a 
seasonal drying-out period from about June to 
September (Sklar 1983). This is a time when most 
of the aquatic organisms must either leave the 
backswamp areas and migrate towards the deeper 
bayous and canals or enter an estivation stage if 
they are to survive. Gastropods and crawfish, for 
example, dig down to the water table and remain 
there until the backswamps again become 
flooded. The life cycle of many aquatic insects will 
end at this time, but not before a new generation is 
deposited as eggs in the backswamp sediments. 
This hydrologic seasonality appears to be the most 
significant factor in the regulation of macro- 
invertebrate seasonality in the backswamp areas 
(Sklar 1983). 

In backswamp areas that drain poorly as a 
result of canal dredging, anoxic conditions with the 
release of hydrogen sulfide can develop 
(McNamara 1978). Organic inputs from duckweed 
and leaf litter, high temperatures, and continuously 
flooded conditions in late summer combine to 
produce high respiration rates (McNamara 1978) 
and low oxygen levels (Kemp 1978). In response 

to these biochemical factors, impounded swamp 
macroinvertebrate densities in the sediment drop 
to zero while populations in the floating duckweed 
mats are reduced by as much as 80% (Sklar 1983). 

6.1.4 Factors Affectina Swam0 Benthos 

Hydrologic differences between the three 
swamp sites in upper Barataria Bay have already 
been discussed (Chapter 4). The impact of these 
differences on the community structure of the 
swamp benthos was investigated by Sklar (1983) 
and is summarized in Figure 38. Invertebrate 
biomass in the floating vegetation of the 
impounded area was dominated by amphipo s 9 (3.0 g AFDWI~~), donates (2.1 5 AFDW/m ), 
and oligochaetes (0.9 g AFDWlm ), while the 
floating biomass of the natural and managed areas 
were, on the average, equally distributed among 
eight to en taxa, ranging from a I w of 0.1 g a 4 AFDWIm to a high of 0.9 g AFDWI for any one 
taxa. Hydrologic management and constant water 
movement appears to have a profound effect on 
the invertebrate biomass in the sediment. The 
average invertebrate biomass in the sediments of 

PERMANENTLY FLOODED NATURAL SWAMP CRAYFISH POND 

>. 
k 
2 3 Cot* 
I 
s 
0 
O Dipt 

U 
s 5.8 

Homi 43 I 
w 28.5 
m 

Olig 

Figure 38. The proponbn and average biomass (mg A F D W I ~ ~  of the dominant benthic organisms by 
habitat in each swamp study site. Amph = Amphipoda, Dipt = Diptera, Deca = Decapoda, Hemi = 
Hemiptera, Odon = Odonata, Oiig = Oligochaeta, Rhyc = Rhynchobdellia, Ot = Others, Gast = Gastropoda, 
lsop = Isopda, Lepi = Lepidoptera, Cole = Coleoptera, Biva = Bivalvia. 
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the managed area was dominated by a crawfish greater. According to Sklar (1983), correlation 
( m m b a m  &&Q population with a higher coefficients (rz0.87 - 0.63; P<0.01) indicate that as 
standing biomass than any ther taxa from any floating substrate biomass increases, the density S other habitat (9.6 g AFDWIm ). The control site and diversity of the floating macrobenthos also 
sediments had high densities of olig chaetes, increases. However, the macrobenthic organisms 
bivalves, and isopods (3.6 g FDWla,  2.7 g living in the sediment decline. The seasonally 
AFDWI~~, and 1.3 g AFDWI 4 respectively). In flooded swamp had the greatest density and the 
contrast to the other two swamp areas, the highest diversity of bottom dwelling organisms, 
invertebrate biomass in the impoundment followed by the crawfish farm. The impounded 
sediments was composed of oligochaete, swamp sediment density averaged only 12.60h of 
amphipod and bivalve populations with avera e the total water column density and had a 3 biomass values not greater than 0.2 g AFDWIm . significantly lower total macrobenthic diversity than 
Sklar and Conner (1983) hypothesize that these the floating community. Thus, it appears that some 
low sediment biomass values in the impounded floating vegetation enhances total benthic 
swamps are a reflection of the anoxic stress these diversity but too much tends to indicate poor water 
organisms must withstand to survive. and oxygen exchange, which decreases bottom 

sediment diversity. For aquatic macroin- 
In backswamp environments, hydrology vertebrates, the impact of impounding a swamp is 

affects benthic community structure, in part, by similar to lake eutrophication from organic 
regulating the physical environment in which the or nutrient enrichment; diversity drops as density 
macroinvertebrates must live. For example, the of the species remaining increases (Wilhm and 
biomass of floating duckweed vegetation in the Dorris 1966; Hart and Fuller 1974; Mann 1982). 
impoundment was, on the average, almost four Without the flushing effects of sheet flow across 
times that of areas with greater water exchange the swamp sediments, organic matter 
(Table 13). In response, the number of accumulates, thick mats of floating rnacrophytes 
macroinvertebrates living in the floating mats of develop, water depth increases, and oxygen is 
duckweed in the impounded swamp was also depleted as temperatures rise during summer. 



The increased energy needed by organisms to 
survive in such an environment could account for 
the significantly lower invertebrate biomass 
observed in the impoundment (Table 13). 

6.1.5 Tro~hic and Ecoloaical relations hi^^ 

Despite a greater density of prey in the 
impounded swamp area than in the natural or 
managed swamp sites, there were significantly 
fewer numbers and types of predators (Sklar 
1983). Conspicuous by their absence or low 
densities were crayfish, Neuroptera larvae, giant 
water bugs (Belostoma), pigmy backswimmers 
(Neonla), predacious diptera larvae, and 
numerous Coleoptera (whirligig beetles, 
predacious diving beetles, and water scavenger 
beetles). The preylpredator ratio in the 
impounded habitats averaged 32.3, while that in 
the seasonally flooded and crawfish farm sites 
averaged 19.2 and 8.0, respectively. This 
increase in the aquatic preylpredator ratio in the 
impounded habitats, relative to the other swamp 
areas, would indicate, as it would in a terrestrial 

ecosystem, a shrinking up of available niche space 
(Hutchinson 1979) or what Wiens (1977) calls an 
"ecological crunch." In other words, the habitat is 
stressed and the top of the food-web is the most 
sensitive to the impacts. 

The interconnectiveness and complexity 
of the trophic relationships of the benthic swamp 
community was recently described by Sklar (1 983). 
A conceptual carbon flow model (Figure 39; Table 
14) of trophic interactions in a natural, unimpacted 
swamp illustrates some of the major forcing 
functions, feedbacks, and material flows at the 
community level of aggregation. In this model, 
water level and flow can create an environment that 
stimulates duckweed production and regulates, in 
part, the immigration and emigration of all predators 
(vertebrate and invertebrate). The predators are, 
of course, also regulated by their own energetics, 
which are affected by the development of oxygen 
deficits (OD) in the water column, availability of 
prey, life and reproduction strategies, and 
migration between waterways and backswamp 
areas. Predator production is complicated by the 

Figure 39. Conceptual model of backswamp steady state organic carbon flows in the 
Barataria swamp. For an explanation of the various components in the model, see Table 14 
(Sklar 1983). 



Live floating vegetation (a mixture of L&mXa spp., Snirodela spp., 
Wolffia, and Wolffiella) 

Dead floating vegetation and its associated microorganisms 
Floating primary macroinvertebrates (herbivores and detritivores) 
Microbenthic detrital community 
Macrobenthic detrital consumers 
Predators and omnivores (invertebrates) 

Forcing functions 
Litterfall (Conner et al. 1981 ; g OM/* 
Water level storage (mm) as a function of levee height (LH) 
Solar insolation at the water surface (g-ca~m2) 
Air and water temperature assumed equal (%) 
Commercial harvesting of crayfish 
Oxygen deficit index. A function of temperature and community 

respiration with time 
Surplus rainfall with an appropriate runoff rate (from water budget) 
Levee height (mm) 

Gross photosynthesis of duckweed as a function of light, 
backwater flooding, temperature, biomass, and the surface 
area available for growth (negative feedback from Q2) 

Duckweed respiration 
Accumulation of dead duckweed as floating detritus 
Hydrologic export of live duckweed to waterways and 

downstream swamps as a function of runoff 
Consumption of live duckweeds by herbivores 
Accumulation of litterfall as floating detritus; a function of total 

water surface area covered by live and dead duckweed 
Mortality of floating herbivores and detritivores; dead organisms 

become detritus in the sediments ((25). 
Respiration of microorganisms associated with floating detritus 

(Q2) as a function of substrate biomass and temperature 
Uptake of dissolved organic matter by live duckweed (Q1) 
Consumption of floating detriius and microorganisms by floating 

macroinvertebrate detritivores 
Hydrologic export of live floating detritus community to waterways 

and downstream swamps as a function of runoff 
Hydrologic export of live floating primary macroinvertebrates to 

waterways and downstream swamps as a function of runoff 
Consumption of floating primary macroinvertebrates by predators 

and omnivores 
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Table 14. Concluded. 

Flow Value Comments and description 

15 322.0 Accumulation of litterfall as benthic detritus 
16 30.2 Consumption of benthic detritus and microorganisms by 

predators and omnivores 
17 376.6 Consumption of benthic detritus and microorganisms by 

predators and omnivores 
18 16.4 Peat accumulation 
19 16.3 Hydrologic export of benthic detrital community to waterways and 

downstream swamps as a function of runoff 
20 182.5 Respiration of benthic detriial microorganisms as afunction of 

temperature 
2 1 32.1 Consumption of benthic macroinvertebrate detritivores by 

predators and omnivores 
22 188.3 Mortality of benthic macroinvertebrate detritivores; dead 

organisms become detritus in the sediments (Q5) 
23 156.2 Respiration of benthic macroinvertebrate detiltivores as a 

function of oxygen in the sediments and biomass 
24 86.6 Total food consumption by predators and omnivores 
25 3.2 Hydrologic export and predation of macroinvertebrate predators 

and omnivores as a function of water level 
26 0 Crayfish harvest by humans 
27 26.0 Mortality of macroinvertebrate predators and omnivores; dead 

organisms become detritus in the sediments (Q5) 
28 54.2 Respiration of macroinvertebrate predators and omnivores as a 

function of oxygen in the water column and biomass 
29 3.2 Insect emergence 
30 11.8 Consumption of floating detritus and microorganisms by 

predators and omnivores 
32 267 Backswamp drainage through breaks in levees and spoil banks 

(in mm) 
33 250 Overland runoff as a function of levee height (mm) 

fact that few organisms in the backswamp habitats consuming detritus and its associated fauna and 
are truly carnivorous throughout their lives (i.e., flora, and (5) ecosystem exports dependent upon 
they aren't always predators). Thus, the model has the interaction between swamp levee height (LH) 
an algorithm which allows predators to switch from and water level. Table 14 describes the state 
one food source to another as a function of the variables, forcing functions, and steady-state flows 
age of the predators and the available food used to conceptualize the benthic dynamics in the 
supplies. backswamps of Barataria Basin. 

This benthic swamp model illustrates other 
important ecologic characteristics including: (1) a 
negative feedback on floating macrophyte pro- 
duction as total floating biomass increases, (2) 
inputs of leaf litter (LL) into floating communities as 
floating biomass increases, (3) a significant detrital 
processing community composed of micro- and 
meiofauna (of which little is known), (4) macro- 
invertebrate communities primarily sustained by 

The biology of the swamp floor can 
change as a function of hydrology, predator-prey 
interactions, and water chemistry (i.e., oxygen 
supply). The advantage of this model is its ability to 
simultaneously incorporate all three of these types 
of processes while simplifying the complex aquatic 
food web that exists in backswamp habitats. The 
end product is the ability to predict large scale 
alterations in population densities of floating 



vegetation, detritus, and invertebrates (including represents about 86% to 100% of the annual 
commercially important animals, such as crayfish) nitrogen and phosphorus loading to the bay; and 
as a function of management options or at least 92% of this primary deposition of C, N, and 
environmental contaminants. For example, the P appears to return to overlying waters, mostly as 
spraying of herbicides to maintain open waterways remineralized inorganic nutrients (Kelly and Nixon 
could be added to the model in order to 1984). This key role of coupling the water column 
investigate the herbicide's long-term effects on and sediments by the benthos is now realized by 
the herbivores which feed on (and control) the estuarine and wetland scientists and is very likely 
floating vegetation, as well as its potential to stress to be a fundamental process in all estuarine 
higher trophic consumers and alter the export of systems. 
organic materials to downstream sites. A similar 
model developed by Sklar (1983) indicated that by Benthic infauna, by virtue of their low 
lowering the levee height for an impounded mobility and sedentary habits, serve as excellent 
swamp from 500 cm to 50 cm, there would be a biological indicators of environmental conditions. 
43% increase in the export rate of organic matter, a This aspect of the benthic community becomes 
significant decrease in the stress caused by anoxic even more significant when we consider the 
conditions, and a threefold increase in the quanity central role the benthos play in estuarine 
of benthic invertebrates. ecosystem processes. Despite their significance, 

however, the benthos remain one of the most 
6.2 BENTHIC ESTUARINE AND difficult and costly components to study in the 

MARINE COMMUNITIES estuarine ecosystem. The complexity of the 
interactions in bottom communities is often 

6.2.1 Introduction overwhelming, the techniques for studying them 
are primitive, and the magnitude of effort required 

The relative ecological significance of the to successfully sample and analyze the benthos is 
estuarine and marine benthic infauna is inversely enormous. For these reasons, the benthos often 
related to depth of the water column. As the water remain the least known and least understood 
column becomes progressively shallower from the component of most systems. This is true of the 
edge of the Continental Shelf landward, the Barataria system also. There have been no large- 
benthos become an increasingly more important scale comprehensive studies of the soft bottom 
component of the system. On the nearshore benthos. The enormous size of the system is 
Continental Shelf and in the shallow coastal partiallyresponsibleforthis. 
estuaries the benthos is a key component of the 
ecosystem, integrating the inputs from the water The fauna of the Barataria system has 
column and the land. At this productive land-sea been the subject of more continuous study than 
interface the benthos affect and are affected by that of any other locality in the Gulf of Mexico 
sediments, microbiota, detritus, nutrient cycles, (Dawson 1966). Numerous collections were made 
plankton, and nekton. by personnel of the Louisiana State University 

Marine Laboratory on Grand lsle from 1928 to 
The Barataria Basin is an important nursery 1946. An extensive faunal list has been compiled 

area for a wide variety of fish and shell-fish, by Behre (1950) covering many of the inshore 
including many species of commercial importance forms. This list is incomplete with regard to the 
(Chapter 7). In the gulf 97% of the commercially benthos, listing only two species of amphipods 
important species are estuarine dependent and five species of nonparasitic isopods. 
(Gunter 1967) and of these, all but menhaden are Polychaetes and mollusks occurring in the bay fare 
dependent on the benthic food web either directly slightly better with more species being listed. The 
or indirectly. Other important processes, such as Marine Lab at Grand lsle was disbanded and the 
nutrient cycling, are also regulated to a significant faunal list is generally not available. 
extent by the benthos. in a recently rediscovered 
aspect of benthic research, the coupling between During the late 1940's widespread oyster 
water and sediments has been shown to be the mortalities were thought to be related to the recent 
dominating feature of Narragansett Bay nutrient expansion of the oil and gas industry. A 
dynamics (Kelly and Nixon 1984). The magnitude consortium of oil companies funded an extensive 
of primary nutrient deposition to the bottom Investigation in Barataria Bay and its surrounding 
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environs that became known as Texas A&M 
Research Foundation Project Nine. The 
voluminous mimeographed report was distributed 
to 28 depositories, most of which were marine 
laboratories (Mackin and Hopkins 1962a); 
however, it too is generally unavailable. The 
source material in this section is primarily published 
studies from Project Nine and more recent studies. 

As with any community in an ecosystem, 
the benthic community is affected by the physical 
factors in the environment. Such parameters as 
salinity, sediment type, and dissolved oxygen, 
along with other factors, affect the community to 
varying degrees. In shallow, estuarine systems 
very low oxygen conditions seldom persist long 
enough to substantially limit benthic communities. 
A series of 1,134 oxygen measurements were 
taken in 1948 from all parts of the greater Barataria 
Bay area (Jensen 1949 in Mackin and Hopkins 
1962b). About 43% of all oxygen determinations 
fell between 5 and 6 ppm and only three titrations 
showed oxygen tension below 2 ppm, and none 
below 1.5 ppm. Only 24 determinations (2%) 
showed less than 50% saturation. Sediment type, 
as well as forces such as water current, can 
substantially change the composition of benthic 
communities. The problem of animal-sediment 
relationships has not been addressed in the 
Barataria Basin. Though the sediment has a far 
from homogenous grain size, the vast majority of 
water bottom in Barataria is a silty-clay sediment 
with varying amounts of detrital material. Krumbein 
and Aberdeen (1937) analyzed sediment from 98 
stations in the lower Barataria Bay and reported 
that there were "shadow zones" of finer sediments 
at the edge of the main channel and behind many 
of the islands. Day et al. (1973) categorized the 
bottom sediments of Barataria only as soft peaty or 
muddy materials. Salinity appears to be a more 
important controlling factor than sediment type in 
determining bottom community composition in 
estuarine systems (Gunter 1961). There is a 
pronounced salinity gradient from the upper 
reaches of the system, which are fresh, to the ' 
passes which open to the Gulf of Mexico, where 
salinities are frequently over 30 ppt. Super- 
imposed on this pattern of a north to south 
gradient there is often an east to west salinity 
gradient of varying duration (Mackin and Hopkins 
1962b). Salinities can be substantially higher (up 
to 10 ppt) on the east side than on the west side at 

certain times, though the reverse can be true at 
other times (M. Chatry, LDWF, Grand Terre 
Laboratory; pers. comm.) This east-west, west- 
east gradient appears to be seasonal and may be 
influenced by the Mississippi River; however, the 
details of the phenomenon have not been studied 
extensively. 

One of the most ambitious efforts to study 
the benthos was that of Philomena (1983) in which 
a one-time transect was made of 32 stations from 
the upper reaches of the Barataria system to lower 
Barataria Bay in November 1978. Three of these 
stations were later sampled bimonthly from 
November 1978 to November 1979. Figure 40 
shows a map of Philomena's stations and Table 15 
gives the names and physical descriptions of the 
sampling locations. Based upon salinity, 
Philomena reported the biomass distribution of 
macrobenthos: freshwater, 64% (Stations 1 
through 17); oligohaline, 23% (Stations 18 
through 22); mesohaline, 0.5% (Stations 23 
through 26); and polyhaline, 3.5% (Stations 23 
through 32). Because there are only two 
polyhaline stations, the distribution of stations is 
skewed toward the freshwater side of the 
continuum. 

Ninety-four different species were col- 
lected in the Barataria Basin in environments rang- 
ing from fresh to marine. A total of 254,813 organ- 
isms were collected from all 32 stations in 
November 1978. Numbers of taxa varied markedly 
from one station to the next. Overall, there was a 
mean of 10 species per station. When sum- 
marized at the level of higher taxonomic groups, 
crustaceans, polychaetes, oligochaetes, nema- 
todes, and insects represented nearly 90% of all 
organisms. 

The numerical density of the macrobenthic 
fauna is low in the lower basin and steadily 
increases to the upper basin. Patterns of high 
abundance can be identified in stations near the 
water's edge (Stations 2, 12, and 29) or in natural 
and shallow bayous (Stations 6, 7, 11, and 19), 
mostly in the freshwater areas. The largest number 
per square meter, 40,000 organisms, was found at 
Station 7 (Bayou Segnette); Gammarras 
mucronatus and several species of crustaceans 
contributed the most to these high densities. 
Abundance by weight (biomass in AFDW) yields a 



Figure 40. Map of the Barataria Basin showing location of benthic sampling 
stations (Philomena 1983). See Table 15 for names of numbered stations. 

different pattern from the numerical abundance Oligochaetes were not classified at the 
caused by the enormous biomass of adult Raoaia generic level but were found in 60% of all stations. 
m, which appeared in Stations 13, 14, 16, They represented only 0.5% of the total biomass 
and 20. and 14940 of total numbers. 

Overall, crustaceans were the most Insects accounted for a little more than 
numerically abundant group found in this survey, 0.5% of the total biomass and 5% of total numbers. 
with 44 genera that contributed significantly in The insect assemblage was characterized mostly 
94% of all stations and had 3% of the total by chironomids, which made up 94% of all insects. 
biomass. The most important orders were Other groups, such as Tutbellaria. Nemertea, 
Amphipoda, Cladocera, Ostracoda, and Isopoda. Hydrozoa, Hirudinea, and Nematoda, were not so 

important in number or in weight. 
Polychaetes, represented by 13 genera, 

appeared in 46% of all stations and had 1.5% of A general comparison among stations 
the total biomass. One species alone. Hobsonia revealed that freshwater habitats had a greater 
f k k b  (=I&Qamk &xi&), made up almost 4 W  of numerical abundance; abundance decreased as 
the total number of worms. the habitat became more saline. Considering the 

whole basin and the most important groups, the 
Mollusks with 18 genera appeared at 78% overall spatial distribution of crustaceans and 

of all stations and represented 93% of the total mollusks is basin-wide, while insects. nematodes 
biomass (mostly because of Ranaia p m .  (larger than 500 mm), and oligochaetes are 
Mollusks were numerically dominated by the distributed mostly in the fresh and intermediate 
gastropod, Texadina ~~hinctostoma, which habitats. Polychaetes and nemerteans were 
accounted for 55% of the total number. prevalent in brackish and marine environments. 
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2 Baie a Carlin 
3 Middle Lake des 

4 South Lake des 

5 Bayou des Allemands 
6 Bayou Verret 
7 Bayou Segnette 
8 Bayou Segnette 

Waterway North 
9 Bayou Segnette 

Waterway South 
10 Lake Cataouatche 
1 1 Bayou Bordeaux 
12 Near-Shore Lake 

14 Catahoula Bay 
15 SW Middle Lake 

16b Middle Lake Salvador 
17 lntracoastal Waterway 4.0 Intermediate 0.0-2.0 Open canal 
18 Delta Farms 3.0 Fresh 0.5 Open lake 
1 9 Bayou Perot 2.0 Intermediate 0.0-2.0 Open bayou 
20 Bayou Rigolettes 1.5 Brackish 0.0-4.0 Open bayou 
21 Sinuous Bayou 2.0 Brackish 0.0-4.0 Small bayou 
2% Turtle Bay Canal 2.0 Brackish 2.0 Small canal 
23 L i l e  Lake 2.0 Brackish 0.0-1 1 Open lake 
24 John the Fool Lake 1 .O Brackish 0.0-9.5 Lake edge 
25 John the Fool Bayou 1.5 Brackish 3.0 Small bayou 
26 Long Bay 1.0 Brackish 1 .O-13 Shallow lake 
27 Barataria Waterway 6.0 Saline 19.0 Deep canal 
28 Barataria Waterway 8.0 Saline 19.0 Deep canal 
2gb Bayou St. Denis 2.0 Saline 2.0-20 Open bay 
30 Barataria Bay 2.0 Saline 24.0 Open bay 
31 Pelican Point 2.5 Saline 24.5 Open bay 
32 Near Queen Bess 1.8 Saline 27.5 Open bay/ 

Island Near island 

a~alinity measurements were sampled once in stations number 01,02,05,22,25,27,28,30,31, and 32. 
$imonthly Station. 

Shannon-Weiner diversity distribution was higher numbers of species towards the polysaline 
suggestive of the species number versus salinity areas (10.0 to 36.0 ppt). Philomena's mean 
pattern of Remane (1934 in Pennak 1978; Figure diversity values were approximately 1.64 for the 
41), having high numbers of species in freshwater freshwater to oligosaline areas (Stations 1 to 22), 
to oligosaline (0.0 to 5.0 ppt), lowest numbers of 1.135 for mesosaline areas (Stations 23 to 26), 
species for mesosaline areas (5.0 to 10.0 ppt), and and 1 .I67 for polysaline areas (Stations 27 to 32). 



FRESH WATER SALTWATER 6.2.4 Seasonal Patterns of Abundance 

The patterns of benthic seasonal 
abundance in the Barataria system are not clear. 
Philomena (1983) sampled three stations 
bimonthly from November 1977 to November 
1978. In Bayou St. Dennis, the southem-most 
station (mesohaline), he reported abundances at 
their lowest in March through May, then steadily 
rising to a peak abundance in September, 
declining somewhat in November. January 
abundance was lower than July abundance. At 
Little Lake, another mesohaline station, the lowest 
abundance was in March and the highest in 
November. In Lake Salvador (oligohaline) there 
were three low periods reported -- November, 
March and July -- and two peaks, January and 
May. 

In Airplane Lake, in southwest Barataria 
Bay, Day et al. (1973) reported that the benthos, 
which was dominated by amphipods, reached the 

o 5 10 1s 20 2s 30 35 hiahest biomass levels during February and March 

SALINITY (ppt) 

Figure 41. The composition of the aquatic fauna 
in relation to salinity of the environment (reprinted, 
by permission, from Pennak 1978, copyright John 
Wiley and Sons, Inc.). 

Another aspect of the spatial distribution 
of benthos is the comparison of open lake or bay 
versus bayous. In November 1978, Philomena 
(1983) sampled these habitats in a brackish water 
area and in a saline area. In the brackish water area, 
an open-lake station in 
abundance of 4,448 
station in John the Fool Lake had an abundance of 
1,757 organisms/$, and a station in John-the- 

had an abundance of 1,136 
organisms1 In the saline area the pattern was 
reversed. An open bay station in Baratari Bay had 
an abundance of only 817 organisms1 3 while a 
station in St. Denis ayou had an abundance of 
10,347 organisms/J The pattern is not clear, 
however. Philomena's samples were taken once 
in November with a single grab taken at each 
station, so the observed abundances could be the 
result of seasonal variations or patchiness of the 
benthos. 

a d  the lowest levels in May, ~une,  July, and 
September. Thomas (1976) rewrted the 
abundance of benthic populations at a station 10 
m from shore in Airplane Lake, from August 1972 
to April 1973. Peak numbers occurred in February 
and March, and the lowest numbers in September. 
Burke (1976) studied the invertebrate fauna of the 
salt marsh in the vicinity of Airplane Lake and 
reported the highest numbers of amphipods 
occurred from June to October with a peak of 521 
in August and a lowest number of 3 in February out 
of a total of 1,138 amphipods. Lindstedt (1978), in 
a study of epifaunal amphipods collected from 
frayed polyethylene rope samplers, reported the 
overall pattern of abundance of macrofauna near 
Leeville, Louisiana, and in the vicinity of Airplane 
Lake, generally showing a major peak in the spring 
and a minor peak in the fall with the lowest 
numbers collected during the winter. The benthic 
mollusks and crustaceans from seven stations in a 
neighboring system, Tirnbalier Bay, were studied 
by Farrell (1979) who reported a single peak in 
biomass in April. Also in a neighboring system, 
Sikora and Sikora (1985) studied the benthic 
community in a brackish water bayou (0-15 ppt) 
near Catfish Lake. Here the benthos exhibited two 
peaks in abundance, the largest in February and a 
slightly smaller peak in August. 

Interpreting seasonal patterns from the 
above studies is made difficult because in only two 



of the studies (Burke 1976; Lindstedt 1978) were 
samples taken on a monthly basis and then only for 
a single annual cycle. From the existing 
information, it appears that peak abundances and 
lowest abundances occur at different times in the 
different salinity regimes and may be correlated to 
the salinity pattern in a particular area or possibly to 
some extrinsic factor such as the migratory 
patterns of the estuarine dependent predators. 

The crustacea are the most studied group 
of benthic invertebrates in the Barataria Basin. 
There are several reasons for studying this group: 
they are commonly occurring, easily collected, and 
more easily identified than other benthic groups. 
The results of five studies are listed and compared 
in Table 16. The amphipods appear to be the most 

Table 16. Summary table of Cnrstaceaa reported from the Barataria system by author. I 
Philomena Thomas Lindstedt Burke Gillespie 

Species 1983 1975 1978 1976 1969 

Amphipoda 
Amoeliscaabdita 
AtvIus sp. (= Nototronia X X 
GapreIIa$guiIibra . . X 
(=eTaMISbenthoDhllls x x x 
Coro~hium lacustre 
Urophium laLlisianum 
Cranaonvx o u  X 
-w X 
Gammarus sp. X X 
Gammanrs mucronatus 
G""""? X X X 
m c f .  . . X X 
Grandidierelh&m-t~ero~& X X X 
Haustoriu~ sp. X 

X X 
Melita nitida 
Monoculodesedwardsi X 
MicroDrotoDusranevi X 
Micronroto~~ ghoemakeri X 
Qrchestia sp. 
Orchestia arillus 
L)rchestiaDlatensis* X 
Parhv&- 
Svchelidium sp. 
Blorchestia sp. X 

lsopoda 
AncinusdeDressus . . .  
Gassldlnldeaw X X 
(=S;, lunifrong 

Chiridotea- X X 
Cleantis nlanicaua 
Cva thuraa  
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OxvurosWyS smithi 

B o w m a n i e l l a d j  
q m  
MvsidoDsism 
MvsidoDsisbahia 

AlDheus sp. X 
m ~ a n o p e ~  &pressus X 
HexaDanoDeusanaYstifrons X 
m t e x a n a  X 
m m e r c e n a r i a  X 
eanoaeusherbstii X X 
eaaurus spa X 
RbitbronanoDeusharrisii X X 

Tanaidacea 
liaQa@(=-)m X X X X 

aExcludiq Cirripedia, Cladocera, Ostrocoda. 
bcf. abbreviation for confer, to be compared to; compare. Used when a species determination is not 
certain but compares closely with a described species. 

r 

numerous in terms of species and individuals and polypropylene rope collectors set out near the 
are also one of the more important groups natural edge of marshes in a control area near 
bionomically, serving as food for many species of Airplane Lake and disturbed edges of spoil banks 
fish. Thomas (1975) reports 17 species of in the Leeville oil field, an active oil extraction site. 
amphipads as commonly occurring, with four The assemblage that settled in the collectors was 
additional species as single occurrences. Thomas dominated by the amphipods B a r n m u  
and Heard (1979) described a new tube-building mucronatus, Coro~hium buisianum, Grandidierella 
amphipod, (=araMls m, as constructing bnnieroideg, u i l ibra,  , Meiita, and 
extensive mats of interwoven tubes that dominate u. The amphipods made up an 
the bottom in many low and intermediate salinity annual mean of 86% of a mean of 1,187 total 
areas that are subject to current flow. Another organisms while the rest of the assembladge 
common tube-builder, lmg&ia &&,a, occurs in contained 22 other crustacean taxa and twelve 
the same areas as C. benthoDhllus, but on muddy other invertebrate taxa not identified beyond the 
battoms with little or no current. class level. Oil extraction and associated activities 

such as canal dredging and spoil bank 
Lindstedl (1978) observed the macro- construction had an adverse impact, reducing the 

benthic epifaunai community that settled on frayed annual mean number of amphipods by 72% and 

74 



reducing the annual mean of the total organisms 
collected by 68%. Reduced numbes of both tube- 
building and non-tube-building amphipods were 
observed in the oil field. 

Gut analysis has shown that amphipods 
are frequently ingested food items in a number of 
fish in Louisiana. Thomas (1975) found that the 
three most abundant fish collected during his 
study, the bay anchovy (Anchoa mitchilli), Atlantic 
croaker (Micro~oaonia$ yndulatus), and the 
sheepshead minnow (Cvprinodo~ yakg&s)  all 
used amphipods in the following order of 
abundance: bonnieroides, 
Qroohium louisianurn, &&!& I&&, Gammarus 
,mucronatu~, and w. Amphipods 
appear to be consistent food items of juvenile 
Atlantic croaker (Overstreet and Heard 1978; 
Levine 1980). 

6.2.6 Meiofauna 

The meiofauna of open water stations in 
Airplane Lake were studied by Rogers (1970). It is 
difficult, however, to draw any detailed conclusions 
from this sampling study because a nonstandard 
subsampling technique (aqueous aliquoting) was 
used, samples were not stained before sorting, 
and there was a general lack of statistics. Samples 
were taken six times during February through 
August at inshore stations, at unspecified 
distances from shore (called "in" stations), and 
further out from shore an unspecified distance 
(called "out" stations). Nematode numbers 
dominated all stations at all six sampling times. The 
highest abundance occurred in March and the 
lowest abundance in August. 

The nematodes ranged from 0.685 to 4.165 x 10 1 . 
The "in" stations were consistently higher in 
numbers of nematodes in samples except in July 
when the pattern was reversed with the "out" 
stations being higher. The low numbers of 
meiofauna in the summer agree with two other 
unpublished studies (cited by Day et al. 1973), 
one of which described marsh meiofauna and the 
other described meiofauna of open water 
sediments in Airplane Lake. The biomass of 
individual nematodes from Airplane Lake has been 
estimated as 0.000269 mglnematode (Day et al. 
1973); this value is an order of magnitude smaller 
than reported from Buzzards Bay, Massachusetts 
(0.0012 to 0.0041 mgnematode; Wisner 1960). 

6.2.7 Qvster Community 

A major benthic community in many of 
Louisiana's estuaries is formed by Crassostreq 
virainic_ra, the American oyster. The associated 
fauna of oyster communities in Barataria Bay have 
been listed by Mackin and Hopkins (1962a) and by 
Mackin and Sparks (1962). In Barataria Bay and 
Little Lake, according to the most recent 
information available (P. Bowman, Louisiana 
Department of Wildlife and Fisheries; pers. 
comm.), the area of commercial production 
(estimated by the total area of oyster leases) 
totaled 4,898 ha in 1975 (Van Sickle et at. 1976). 
The Barataria system historically has not been 
noted for extensive natural oyster reefs. Early 
surveys of natural oyster reefs by Moore (1899), 
Cary (1907), and Payne (1912) do not mention 
reefs occurring in the Barataria Basin (reviewed by 
Mackin and Hopkins 1962b). Mackin and Hopkins 
(1962b) state that "before the turn of the century 
(Moore 1899), bays like Barataria and Terrebonne 
reportedly contained only relict reefs," although 
Krumbein and Aberdeen (1937) mention many 
slightly submerged oyster reefs. Although large 
oyster populations do exist in the Barataria system, 
the size of these aggregations is smaller than 
would constitute a reef by Moore's size criterion 
(84 m2). Historically, it has been established that 
oyster mortality rates are higher in lower Barataria 
Bay than in the upper reaches of the bay (Mackin 
and Hopkins 1962a). Mortality rates are the 
highest during the summer months and various 
explanations have been advanced, including 
lowered oxygen, turbidity or the lack of turbity, and 
higher salinities. Hopkins concluded that heavy 
summer mortalities in Barataria Bay probably 
started as far back as 1939; however, he also 
observed that other animals of the oyster 
community did not suffer these unusual 
mortalities. Mackin and Hopkins (1962b) advanced 
the hypothesis that higher salinites and summer 
temperatures favor oyster predators such as the 
conch (Thais fiaemastomal and the stone crab 
(MenipmmercenariQ, competitors such as the sea 
squirt -3 manhatt ensis), shelf parasites such 
as the boring sponge (Cliona and the 
boring clam (Di~lothvra (=Martesiq smithii)), 
and disease-producing parasites such as the 
protozoan perkinsus marinus. Table 17 lists the 
benthos associated with oysters in Barataria by 
salinity regime (from Mackin and Hopkins 1962b). 
Under these combined pressures, it was theorized 
that the population of oider, mature oysters 
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Table 17. Salinity relations of some common animals on Louisiana oyster beds (modified from 
Mackin and Hopkins 1962b). 

High-salinity species 

Grant. sulphur sponge, boring sponge 
Jialiclona sp., encrusting sponge 
Astran&~treifo& Milne Edwards and Haime, solitary coral 
Metceoaria sp. clam 
Di~Iothvra srnithu Tyron, shell-boring clam 
&x&& gbscura Verrill, nudibranch, sea slug 
C r e o i d u l a u  Say, flat slipper limpet 
~ b . a e m a s t o m a  h- Clench, conch, oyster drill 
Anachiswm Say, greedy dove shell, R obesa(Adams), fat dove shell 
Ussarius vibex (Say), mud snail 
Hvdroides dianthus (Verrill), calcareous tube worm 
Clibanarius vittatus (Milne Edwards), &fietero&&js(Say), pistol shrimps 
& h e u s a g t  Milne Edwards 
Menir>De- (Say), stone crab 

Smith, little blue crab 
Msdgjhmanhattanns (Dekay), sea squirt 

I Speclur more or l e u  independent of saliiity I 
M OM, small boring sponge 

Sea anemones (including -a texaensk Calgren and Hedgpeth) m m  (Girard), flatworm 
(Linn.), bryozoan (species not certain) 

MBmbraniwra sp., encrusting bryozoan 
Polvdora websteri, Hartman, mudworm 
SoiochastoDterusoculatus Wabster, tube worm 
Nereids (probably including W-gccidental i~ Hartman and &anthe% ~uccinea (Frey 

and Leuckart)) 
~ i m e s s a  Say, parasitic snail 
Balanus spp. (including 5- Gould and probably 5 ~ o v i s u s  Darwin), barnacle 
Palaemonetes spp. (including .&- and L a  certainly, and possibly E. hrrnediys), 

grass shrimp 
Unidentified gammarid amphipods 
Coroohium liacYStre Vanhoffen, Llouisianium Shoemaker, mud tube amphipods 
Gallinectessaddvs Rathbun, blue crab 
~ a n o ~ e u s ~ r e s s u s  (Smith), mud crab 
-us herbsa Milne Edwards, mud crab 
OrtsanusW (Goode and Bean), oyster dog, toadfih 
Gobiesox strurnosus Cope, sucker fish 
GobiosomaM (Lacepede), goby 
Mvr>soblennius- (Jordan and Gilbert), blenny 



collapses in Barataria Bay during the summer with 
the result that only intertidal populations survive in 
the bay. 

Oyster mortality may occur, however, in 
areas relatively free of predators, competitors, and 
shell parasites. The sole culprit in these instances 
appears to be the protozoan Perkinsus marinus. 
P. marinus was originally described as a 'protistan" - 
(Dermocv- marinurn; Mackin et al. 1950a) but 
was later thought to be allied to another protistan 
group (-a marina1 by Mackin and Ray 
(1966). From electron microscope examination, 1. 
marina was thought to be allied with the fungi 
(Perkins 1969). With more complete electron 
microscope examination of the "zoospores," 
however, it was placed in a new genus (Perkinsus), 
a new family, a new order, and a new class in the 
protozoan phylum (Apicomplexa) by Levine 
(1978), a group that also contains malaria and 
corcidia parasites. It is still referred to colloquially as 
"Derrno." Mackin (1962) experimentally found that 
infection by e. is usually lethal to the host 
oyster during high temperature periods and that 
"temperature directly controls the development of 
epizootics which reach their apex in the summer or 
early fall." Consequently, this disease is 
responsible for the majority of mass oyster 
mortalities in the summer months. This pathogen 
is probably the major cause of unusual, 
widespread mortalities of oysters in Louisiana (Van 
Sickle et al. 1976); however, it also occurs in 
Florida and the Chesapeake Bay Estuary (Perkins 
1 969). 

In Louisiana, there has been a long 
established theme that high salinity water is 
detrimental and that "salt water intrusion" is the 
worst of the natural disasters to befall the Louisiana 
coast. Early in this century (Cary 1907), high 
salinity was implicated in instances of oyster 
mortality. Reports of the Louisiana Conservation 
Commission returned repeatedly to the theme that 
high salinity and high oyster mortality were 
correlated (Alexander 1922; Payne 1920). 
Despite this, oysters in Louisiana grow faster, 
spawn more prolifically, and set in larger numbers 
in high salinity waters of up to oceanic salinity 
concentrations (Mackin and Hopkins 1962b). It 
appears that much of the folklore about the evils of 
high salinity and salt water intrusion began with 
oyster mortalities which may in fact be caused by 
the presence of the endemic, virulent oyster 
pathogen e. m. Because of this pathogen, 

the planting or bedding industry developed. 
Commercial production of oysters in Barataria Bay 
is primarily accomplished by bedding seed oysters 
in the fall and harvesting by late spring or early 
summer, before temperatures rise to the lethal 
level. 

The information available on the benthos 
of the Barataria Basin is incomplete, leaving the 
benthos as one of the least understood 
components of this estuary. There have been no 
studies comparing the overall community 
composition in the major salinity regimes of the 
system. Information is also lacking as to whether 
open water areas such as bay bottoms differ 
significantly from bayous. The spatial distribution 
patterns from shore to open water and from bank 
to bank in bayous is also lacking. Most importantly, 
the seasonal composition, abundance, and 
distribution remains poorly understood. There has 
been much confusion regarding the apparent 
seasonal abundance of benthos being lower in 
summer and higher in winter, leading to 
speculation about low oxygen in the warmer 
months. Much of this speculation may stem from 
results of studies in freshwater ponds and lakes 
where summer stratification and complete oxygen 
depletion in bottom waters are common. However, 
in shallow, tidally-mixed systems where wind is 
often the predominant force, oxygen depletion to 
the point of defaunation in unlikely, except in 
stagnant, dead-end access canals (Sikora and 
Sikora 1985). 

Benthic populations in shallow estuarine 
systems are probably controlled by factors such as 
salinity and the seasonal influxes of predators 
commonly referred to as estuarine dependent 
species. It has been well known that estuaries are 
nursery grounds for these species. The food of 
juvenile estuarine dependent species while they 
are in the nursery grounds has been a major point 
of confusion. The traditional view has been that 
the refractory material referred to as vascular plant 
detritus, or just "detriius," serves as the principal 
food source. Overlooked is the fact that most 
metazoans lack the enzymes to use detritus as a 
primary food source directly. The rapid growth 
rates of the migrant nursery ground species 
preclude detritus as the primary food source for 
animals this size, even if they did have enzymes 
that could break it down. Symbiosis such as that 
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found in ruminants has not been demonstrated in 
any of these marine species. The food source with 
the highest potential nutritive value to rapidly 
growing nursery ground species is the biomass of 
the benthos. These animals represent the 
concentration of energy from the detritus food 
base which has passed through one to several 
trophic levels beginning with the microbes, the 
primary detritovores. Many food habit studies have 
shown that benthos are the primary food of the 
majority of migrant nursery ground species. 

The comparison of the abundance 
distribution with the biomass distribution of benthic 
drganisms in Barataria Basin is quite interesting 
(Table 18). Crustaceans and polychaetes together 
comprise 57% of the total number of organisms 
collected at 32 stations in November 1978 by 
Philomena (1983). Despite the fact that these two 
groups are widely distributed, exhibit a high 
degree of fidelity among the stations, and are 
important food items, together they only account 
for 4.5% of the biomass. Mollusks on the other 
hand, comprise only 1.9% of the total number of 
individuals collected but account for 93% of the 
biomass. Most of the molluscan biomass was 
found as large Ranaia GuneqQ of 29 to 48 mm 
(mean size) in Lake Salvador and Little Lake. 
Although Philomena's survey was not 
comprehensive, with major communities such as 
the oyster community omitted, it would still be safe 
to say that the benthic biomass in the Barataria 
estuary is mollusk dominated. This lopsided 

biomass distribution may be the result of the larger 
escaping predation by virtue of their size 

and location. Standing crop biomass wa found by 
Philomena to average 1 5 g AFDWJ in Lake d 9 
Salvador 40 g AFDWJm in L i le  Lake and 3.0 g 
A F D W ~  in Bayou St. Denis or a mean of 49.3 g 
A F D W I ~ ~ ~ O ~  these three areas. 

Philomena's transect from the freshwater 
areas of the upper reaches to the polysaline lower 
Barataria Bay emphasized only the most salient 
features of the estuary, its large size, and the great 
distance from the swamp to the gulf. As a result of 
this size, the brackish water area has been 
enlarged horizontally, and it has long been known 
that brackish waters are poor in number of species. 
Remane and Schlieper (1971) refer to this 
phenomenon as "species impoverishment" and 
for many estuaries, this situation has been found 
to occur between 5 to 7 ppt. It is displaced towards 
the freshwater end of the spectrum as illustrated in 
Figure 41. Also, Remane and Schlieper stated 
that the effect is most pronounced in the benthic 
macrofauna as opposed to the microfauna and 
more generally pronounced in groups forming a 
calcarious skeleton than those lacking a calcarious 
skeleton. Philomena's Stations 1 to 22 are 
freshwater to oligohaline, Stations 23 to 26 are 
mesohaline or brackish, and Stations 27 to 32 are 
polyhaline. Philomena's mean number of species 
versus salinity (10.5, 7.5, and 7.1 for fresh- 
oligohaline, mesohaline, and polysaline, 
respectively) does not support this relationship, 
however. Conversely, the mean umber of 4 individuals (9,608, 2,093, and 3,7301 for fresh- 



studies, beginning with Blegvad (1928), in which 
large epibenthic predators were successfully 
excluded from soft sediment marine benthic 
communities. Without exception, the density of 
macroinvertebrates was significantly higher inside 
exclusion cages than in control areas. In nine 
studies, the density and biomass of the benthos 
increased significantly inside the cages compared 
to the controls, and in two of the studies, the 
density inside the cages remained nearly constant 
while the density in the controls decreased 
significantly. Soft sediment systems, when freed 
from predation usually exhibit an increase in total 
number of organisms per unit area, an increase in 
species richness, and no tendency toward 
competitive exclusion by some dominant species 
inside the cages. Length of time to community 
equilibrium is certainly a factor, but in eight of the 
studies cited by Peterson, the length of the 
experiment was 6 to 14 months, and in one 
experiment, 24 months. These results all indicate 
that predation is the major controlling factor in 
estuarine soft-sediment communities. The 
seasonal fluctuations in soft sediments observed 
in the Barataria system at some locations appear to 
be counterintuitive in that peak abundances occur 
in winter when metabolic and reproductive rates 
should have been slowed by lower temperatures. 
There remain many questions to be answered 
concerning the community structure of the 
benthos in the Barataria system. 

At present the benthic fauna is still largely 
unknown. The most extensive study in terms of 

area sampled in the Barataria system was that of 
Philomena (1983). He recorded 97 species from 
32 stations, 28 of which were located in middle and 
upper reaches of the system with only four stations 
located in the more saline Barataria Bay. In 
neighboring Timbalier Bay, Farrell (1 979) recorded 
55 species of crustaceans and mollusk alone, and 
Kritzler (1979) recorded 82 species of polychaetes 
from four common stations in the bay, yielding a 
total of 137 species for these three groups. That 
Philomena's total of 94 species is conservative can 
be seen from Table 16 which lists six major groups 
of crustaceans including 28 additional species not 
encountered by Philomena but recorded by four 
other studies. The need to fill in necessary details 
in the Barataiia system still remains. 

There are occasions when a small detail, 
like the presence of a single species, can change 
major components of ecosystems and how they 
function. In Barataria Basin, high salinities and salt 
water intrusion have been blamed for oyster 
mortalities for over half a century. Perhaps much of 
the folklore about the destruction of the system 
wrought by salt water stems from early incomplete 
observations. Most of the observed mortalitities 
appear to be caused by a single organism, 
eerkinsus m a r i m  in combination with the physical 
factors of high salinity and high temperatures. 
There remains a great need for continued basic 
research into the structure and function of the 
benthos in the Barataria system. 



CHAPTER 7 

NEKTON 

B.A. Thompson and W. Fonnan 

7.1 INTRODUCTION stages of their life cycle, eventually becoming 
nektonic or occasionally sedentary in later stages. 

In ecological studies, nekton comprises 
those organisms that can actively swim inde- Major studies on the nekton in the 
pendent of current movements. In the Bartataria Barataria Basin include Forman (1968), Perret et al. 
Basin, this group comprises numerous fishes; (1 971), Ruebsamen (1 972), Jaworski (1 972)' 
invertebrates such as squids, portunid crabs, and Wagner (1973), Sabins and Truesdale (1974), 
penaeid shrimps; and marine mammals like Barrett et al. (1978), Simoneaux (1979), Rogers 
bottlenose dolphins. Most of those species are a (1 979), Allen (1979), Chambers (1980), and 
part of the planktonic community for the early Guillory (1982). Table 19 presents a summary 

FRESHWATER (31 species) 
Acipenseridae 

AGiwXWoxvmvnchlls Atlantic sturgeon 

Alabama shad 
Skipjack herring 
G i a r d  shad 
Threadfin shad 

Chain pickerel 

Golden shiner 

Blue catfish 
Channel catfish 



m b u s i a  aff inis Mosquitof ish 
Heterandria formosa Least killifish 
IbeGilhlatiDinna Sailfin molly 

Percichthyidae 
r!dUUE-iensiS Yellow bass 
M. saxatilis Striped bass 

Centrarchidae 
Elassoma i2JBW.m Banded pygmy sunfish 
bermmi6 ~ ~ I o s u s  

Redear sunfish 
Spotted sunfish 
Largemouth bass 
White crappie 

P. niaromaculat~ Black crappie 

AolodinotusaNnniens Freshwater drum 

ESTUARINE (23 species) 
Cyprinodontidae 

Adinia xenica Diamond killifish 
-n varie- Sheepshead minnow 
Fundulusgrandis Gulf killifish 

Saltmarsh killifish 
Bayou killifish 
Longnose killifish 
Rainwater killifish 

Atherinidae 
Membras martinica Rough silverside 
Menidia Inland silverside 

Laaodon rhomboids 

Spinycheek sleeper 

Gobionellus boleosoma 
G. hastatlLs 
G. shufetdti 



Hogchoker 

ESTUARINE-MARINE (26 species) 

Ida2SW Ladyfish 
f ! d f m h S m  Tarpon 

Clupeidae 
BFavoortLoatronus Gulf menhaden 

Engraulidaa mm Bay anchovy 
Ariidae 

Hardhead catfish 
Gafftopsail catfish 

Skilletfish 
Belonidae 

-marina Atlantic needlefish 
Syngnat hidae 

Dusky pipefish 
Chain pipefish 

Leatherjacket 

Spotfin mjarra 

Sheepshead 

Siker perch 

Atlantic croaker 
Black drum 
Red drum 
Star drum 

Atlantic spadefish 

Striped mullet 

Bay whii 
Southern flounder 

Soleidas 
-lineatus Lined sole 
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Table 19. Continued 

MARINE (106 species) 
Carcharhinidae 

Carcharhin~s Ieucas 
oq- 

Priitidae 
pectinm 

Das yatidae 
m p m e r i c a n a  
a. sabina 

Albulidae 
AlbulaMlloes 

Anguillidae 
Anauilla rostra@ 

Congridae 
Hildebrandiam . . m c a u d l l l m b a t u s  

Ophichthidae 
Gordiichthvs irretitus 
MvroDhisDunctatus 
Ocrhichthy~Bomesi 
Q. acellatus 

~luieidae 
Harenaulaiaauana 
ODisthonemaoalinum 

Engraulidae 
Anchoa cubana 
A. heDsetus 
A. lyole~is 

~~Gdont idae  
SvM>dusfoetens 

Batrachoididae 
ODsanusm 
Q. Dardus 
Porichthvsdectrodon 

Antennariidae 
B n t e n n a r i u ~ a  
Histrio histri~ 

Ogcocephalidae 
Oacoceohalus- 

Gadidae 
YIoDhWcirtata 
U. floridana - 
Il. regia 

Bythiidae 
S;unterichthvs lonabenis 

Ophidiidae 
mohid iurn  graellsi 
Q~hidion wf&$i 

Exocoetidae 
Cvosebnrs rnelanunrs 
J-lirundichthv~ ~ffinis 

Bull shark 
Atlantic Sharpnose shark 

Smalltooth stingray 

Southern stingray 
Atlantic stingray 

Bonefish 

American eel 

Yellow conger 
Margintail conger 

Horsehair eel 
Speckled Worm eel 
Shrimp eel 
Palespotted eel 

Scaled sardine 
Atlantic thread herring 

Cuban anchovy 
Striped anchovy 
Dusky anchovy 

Inshore lizardfish 

Gulf toadfish 
Leopard toadfish 
Atlantic midshipman 

Singlespot frogfish 
Sargassumfish 

Polka-dot batfish 

Gulf hake 
Southern hake 
Spotted hake 

Gold brotula 

Blackedge cusk-eel 
Crested cusk-eel 

Atlantic flyingfish 
Fourwing flyingfish 



Table 19. Continued. 
H. rondeleti Blackwing flyingfish 
&rhamoh~- Halfbeak 
-oibblfrons Bluntnose flyingfish 

Syngnathidae 
j j & p o c a m p u ~ ~  Lined seahorse 
H. gostera? Dwarf seahorse 

per&hthyidae . . 
ilad- ph Rock sea bass 

Pomatomidae 
m o m u s  saltatrix Bluefish 

Rachycentriiae 
Rachvcentron canadurn Cobia 

Echeneidae 
Remora remora Remora 

Carangidae 
Ale&~iliaris African pompano 
i2iEmw Blue runner 
IZ. bh2!1x Crevalle jack 
c. k&!S Horse-eye jack 

ChlpSoscombnrschrvsurus Atlantic bumper 
ern~carm- Bluntnose jack 

Selene seti~innis Atlantic moonfish 
S. YC?mZ Lookdown 
Seriola zonata Banded rudderfish 
Trachinotus- Florida pompano 
I. falcatus Permit 
Trachunrs hthami Rough scad 

Goryphaenidae 
Cow~haena hi~cruq,g Dolphin 

Lutjanidae 
LLdbUS;aoodus Schoolmaster 
L. g&g&g Gray snapper 
1. svoaaris Lane snapper 

Q l a Q h a S m  Striped rnojarra 
Eucinostomu~& 
E.- 
5;erres cinereus 

Haemulidae 
i2mQf&E- 

Sciaenidae 
Gvnoscion nothus Silver seatrout 
brimus bciatus Banded drum 
Menticirrhus americanuz Southern kingfish 

Gulf kingfish 
Northern kingfish 

White mullet 
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Table 19. Concluded. 
S. borealis Northern sennet 
S. Quachancho 

Polynemidae 
Polvdactvlus octonemus 

Uranoscopidae 
Astroscow y-araecum 

Blenniidae 
Chasmodeswianus 
fivdeurochiI&geminatus 

blenniusionthiGi 
Eleotridae 

Erotelis m d u s  
Gobiidae 

Bathvaobiu$~owrator 
Microdesmidae 

Microdesm~ bnaisinnis 
Trichiuridae 

T r i c h i u r u s m  
Scombridae 

Scomberomoruscavella 
S. maculatus 

Stromateidae 

Triglidae 
pmbsroseus 
P. - 
e. ~illmonicolor 
P, scitulus - 
e.tribulus 

Guaguanche 

Atlantic threadfin 

Southern stargazer 

Striped blenny 
Crested blenny 
Freckled blenny 

Emerald sleeper 

Frillfin goby 

Pink wormfish 

Atlantic cutlassfish 

King mackerel 
Spanish mackerel 

Harvestfish 
Gulf butterfish 

Bluespotted searobin 
Blackfin searobin 
Blackwing searobin 
Leopard searobin 
Bighead searobin 

Bothidae 
Ancvlo~setta dilecta Three-eye flounder 

A. guadracellata - Ocellated flounder . . 
CahanchthvsmacroDs Spotted whii 
l 3 m U S w  Fringed flounder 
Paralichthvs ~uamilentus Broad flounder 

C ynoglossidae 
~ v r n ~ h ~ r ' u s  civitatus Offshore tonguefish 
S. Dlaalusa Blackcheek tonguefish 

Balistidae 
Aluterus schoed Orange filefish 

8.i2GdQ.U , Scrawled filefiih 
Canthiderm~~~vfflameq Ocean triggerfish 

MonacanthushisDidus Planehead filefish 
Tetraodontidae 

m c e ~ h a l u ~ m  Smooth puffer 
SphoeroideS LlaYlS Least puffer 

Diodontidae 
ChiIomvcter@schoe~fi Striped bunfish 

Molidae 
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species list for the Barataria Basin synthesized 
from the above studies, and an expansion from 
that presented in Deegan and Thompson (in 
press). 

7.2 FINFISH 

7.2.1 Composition 

The heterogeneous fish assemblages 
living in the Barataria Basin result from the complex 
interplay of physical, chemical, and biological 
processes at work in the Mississippi River Deltaic 
Plain estuaries. These processes vary within the 
growth and decay stages of delta cycles (Chapter 
1) and have been postulated to control diversity 
and productivity of the fishes in each estuary 
(Deegan and Thompson in press). 

A total of 237 species of fishes in 74 
families has been recorded from deltaic plain 
estuaries in Louisiana, with each estuary having a 
fauna resulting from local estuary characteristics 
(Table 20). A few groups dominate the fauna with 
most families being represented by only one to 
three species (Figure 42). Nine dominant families 
(12% of all families) contribute 91 species (38.30h 
of all species) to the overall fish assemblage of the 
deltaic plain estuaries: Sciaenidae (1 4 species), 
Centrarchidae (1 4 species), Carangidae (1 4 
species), Gobiidae (12 species), Cyprinodontidae 
(9 species), Bothidae (8 species), Clupeidae (7 
species), lctaluridae (7 species), and Cyprinidae (6 
species). 

The fish community in the Barataria Basin 
is the most diverse for any estuary in Louisiana, 

Table 20. Number of families, species, specieslfamily, and ecological affinity species 
composition for fishes from Mississippi Deltaic Plain estuaries. FW = freshwater, ES = estuarine, 
EM = estuarine-marine, and MA = marine; top number = number of species, bottom ( ) = percent of 
total (Thompson and Deegan 1983; Deegan and Thompson, in press). 

Number Number Habitat 
Estuary families species Specieslfam. FW ES EM MA 

Lake Pontchartrain 55 129 2.3 43 21 26 39 
(33.3) (16.3) (20.2) (30.2) 



I \\ Lake Pontchartrain - 

5 1.0 

NUMBER OF SPECIES 

Figure 42. Species-family relationships for 
estuarine fishes for Barataria Bay and Lake 
Pontchartrain as representative northern Gulf of 
Mexico estuaries. 

with 186 species from 65 families (Tables 20, 21). 
The high salinity regime in the basin, primarily the 
result of no riverine input, leads to environmental 
conditions in lower Barataria Bay nearly uniform 
with those of the inshore Gulf of Mexico. Thus, the 
fish community is dominated by marine species 
(57%). Using the Jaccard Index of Similarity (Long 
1963, Boesch 1977) the fauna of Barataria Basin 
can be placed in context with other estuaries of the 
northcentral Gulf of Mexico (Table 22). 

Nearly identical salinity regimes in adjacent 
Terrebonne-Timbalier Bay result in a fish fauna with 
similar characteristics to that in the Barataria Basin. 
Large areas of shallow, protected waters 
characterize these two systems as well as 
Calcasieu and Galveston Bays, two other systems 
with fish faunas similar to that found here. 
Conversely, areas like the Atchafalaya and 
Mississippi River Dettas have fish faunas 
dominated by freshwater species and so have low 
similarities even though they are nearby 
geographically. Thus, similar estuarine fish faunas 
seem to be more controlled by ecological similarity 
than geographical proximity. 

Although marine species dominate the 
Barataria fish community by species, migratory 
estuarine-marine species (Thompson and Deegan 
1983, Deegan and Thompson in press) are, by far, 
the most abundant and most frequently sampled 
species in the system. The demersal assemblage 
(a composite picture of trawl-caught fishes from 
Barrett et al. 1978 and Chambers 1980) contained 
the following 10 most abundant species: (1) bay 
anchovy, Anchoa m; (2) Atlantic croaker, 
Micro~aaoni~ @&&j; (3) Atlantic bumper, 
Chloroscombnr~ m; (4) Gulf menhaden, 

. p m s ;  (5) spot, Leiostomus B $ I Q a  
xanthhrua; (6) hardhead catfish, &&; (7) 
sand seatrout, Cvnoscion -; (8) Atlantic 
threadfin, Polvdachrlu~ pctonemu$; (9) striped 
anchovy, Anchoa her>setus; and (10) gafftopsail 
catfish, &gmmahs .  

Seven of these species have estuafine- 
marine life histories (Figure 43) with the other three 
(Atlantic bumper, striped anchovy, and Atlantic 
threadfin) being marine species (Figure 43) with 
strong affinities for the lower reaches of higher 
salinity estuaries such as Barataria Bay. 

Table 23 compares the relative abundance 
and biomass contributions of the fish assemblages 
between the upper (Chambers 1980) and lower 
(Wagner 1973) portions of the Barataria Basin. To 
a certain extent this is a contrasting of low- versus 
high-salinity regime fishes. Chambers' (1980) 
study had its lower limits at the upper boundary of 
Barataria Bay, with few salinity values above 8 ppt. 
Wagner's (1973) study ranged from the Barataria 
Bay-Gulf of Mexico interface into the upper 
reaches of Caminada Bay covering the lower, more 
saline, section of the basin. Mean salinity values 
from his study ranged from about 10 to 27 ppt. 
Chambers (1980) found a strong freshwater 
contribution in both abundance and biomass from 
the lctalurid catfishes (blue and channel catfish) 
that was absent completely from the lower bay 
(Wagner 1973). Salinity-tolerant freshwater 
species such as the alligator gar (LeDisosteus e) can make up much of the nektonic 
biomass (Table 23) because of their large size. 

The bay anchovy (Anchoa mitchillO is the 
single most important member of the nektonic 
community from an ecological viewpoint, ranking 
first in abundance and second in biomass across 
the entire spectrum of the basin. Many other 



Terrebonnel 

Sciaenidae 14 

2 Sciaenidae 10 Clupeidae 6 Centrarchidae 8 Carangidae 13 Gobiidae 10 Carangidae 7 lctaluridae 6 

3 Cyprindontidae 8 Centrarchidae 6 Cyprinodontidae 7 Centrarchidae 10 Carangidae 9 Gobiidae 6 

Carangidae 6 Gobiidae 7 Gobiidae 10 Cyprinodontidae 7 Clupeidae 5 

5 Clupeidae 6 Gobiidae 5 Clupeidae 4 Clupeidae 7 Clupeidae 6 Cyprinodontidae 5 Gobiidae 5 

6 lctaluridae 5 Cyprinodontidae 4 Carangidae 4 Cyprinodontidae 7 Centrarchidae 5 

7 Carangidae 5 Bothidae 7 Gerreidae 5 Centrarchidae 4 

8 Cyprinidae 4 Exoceotidae 5 Carcharhinidae 4 

g Bothidae 4 Syngnathidae 5 Ophichthidae 4 

Gerreidae 5 Strornateidae 4 

Triglidae 5 Triglidae 4 

12 Ophichthidae 4 Bothidae 4 

13 Engraulidae 4 

14 Balistidae 4 
i 



Table 22. Similarity of the fish fauna in Barataria Basin to other gulf coast estuaries. 

Jaccard's index System Similarity Rank 

0.63 Terrebonne Very high 1 
0.58 Calcasieu High 2 
0.57 Galveston High 3 
0.53 Lake Pontchartrain Intermediate 4 
0.48 Lake Borgne Moderate 5 
0.46 AtchafalayaNermilion Moderate 6 
0.45 Fourleague Bay Moderate 7 
0.41 Rockefeller Refuge Low 8 
0.41 Mississippi River Delta Low 9 

Table 23. Abundance and biomass of fish assemblagesaof the upper and lower Barataria Basin. 

Species Upper ~ a ~ b  Lower BayC 

Number Rank Weight (kg) Rank Number Rank Weight (kg) Rank 

Anchoa mitchilli 557,994 1 303.8 2 52,633 1 34.2 2 
J G l A l n S m  27,871 2 404.5 1 -- -- -- -- 
Micromaonia~ undulatus 12,686 3 64.1 5 5,300 4 22.9 5 
J ~ E W ~ ~ B -  8,862 4 40.0 6 14,782 2 23.0 4 
l s l & ! U S m  3,498 5 80.3 4 -- -- -- -- 
Leiostomu~ xanthurus 245 18 trace 5,786 3 20.4 8 
Membras- 1,563 8 trace 4,514 5 20.8 6 
Arius felis 414 13 trace 2,169 6 52.5 1 
Bairdiella chrysoura 10 -- trace 899 10 31.2 3 
be~isosteus 25 -- 255.8 3 3 -- 20.6 7 
Menidia bervllina 2,290 6 trace 836 11 trace -- 
u c e o h a l u s  277 16 trace 181 -- 18.3 10 

a All sampling gears combined. 
b~hambers 1980 (study done in 1978). 
%Vagner 1973 (study done in 1971 -72). 

migratory estuarine-marine fishes can have 
significant roles in the nekton community both in 
the upper and lower sections of the system as they 
move throughout the basin completing their life 
cycle (Figure 43). 

It has been pointed out in many estuarine 
studies that one of the most significant 
characteristics of the nektonic assemblages is 
seasonal change. Many of the most important 
species are transients to the estuary with 

reasonably predictable seasonal patterns, but 
overall these communities never experience the 
dynamic winter decline characteristic of more 
northern estuaries. Tyler (1971) postulated that 
with stronger annual temperature fluctuations an 
estuarine community would have a higher 
proportion of periodic species and fewer resident 
members. Temperature seems to be the factor 
dictating the timing of many of the estuarine 
migratory patterns. 

Sabins and Truesdale (1974) identified 
two seasonal assemblages of immature fishes 



mullet, inland and rough silversides, silver perch, 
and Atlantic bumper. Several species such as red 
dmm (Sciaenoa pcellatus) spanned the time 
periods of both groups. Important nektonic 
invertebrates in the system would be both cold 
water (brown shrimp) and warm water (white shrimp 
and blue crabs) species. Seasonal patterns of 
juvenile and adult nekton identified by Chambers 
(1980) and Wagner (1973) agreed with those 
described by Sabins and Truesdale (1 974). 

Deegan and Thompson (in press) 
discussed the complex patterns of estuarine fish 
migrations in the Louisiana deltaic plain as arising 
from variations in environmental cues in each 
estuary. The characteristics of the Barataria 
system will often be different from those of many 
Atlantic and gulf coast estuaries because it lacks 
the strong influence of riverine input found in 
many of those estuaries. This system tends to 
warm faster and become more saline sooner in the 
spring, often leading to earlier migration times for 
many fishes and invertebrates compared to nearby 
systems like Lake Pontchartrain and Atchafalaya 
Bay, that are dominated by high spring river 
discharges (Deegan and Thompson, in press). 
This same characteristic will often delay fall 
migration patterns. 

The seasonal changes in estuarine 
residence by many different fish species have 
been suggested as having evolved as a 
mechanism for partitioning the resources of the 
estuary (Deegan and Thompson, in press) that 
othewise might become limiting with the 

Figure 43. Diagramatic representation of major simultaneous occupation by large numbers of 
fish life cycle patterns for northern Gulf of Mexico abundant species. Not only are there strong 
estuaries (modified from Deegan and Thompson, seasonal "replacement" patterns in species using 
in press). the basin's resources, but larger individuals of 

most nekton species migrate from the nursery 
areas first, leaving behind those individuals 
needing the advantages of the nurseries the most. 
This seasonal transition of groups of species using 

entering the Barataria System. A group called the the middle and upper reaches of Barataria Bay, 
"cold water assemblage" had their peak then being replaced by other groups, helps 
occurrence between November and April with explain the diversity in the nektonic assemblages, 
mean water temperatures below 20 OC. This particularly the fishes. It also provides some insight 
group consisted of such species as spot, Atlantic into why the dynamics of the entire community are 
croaker, pinfish, southern flounder, spotted warm so complex and difficut to explain in simple terns. 
eel, gulf menhaden, and striped mullet. A second 
"warm water assemblage" peaked between May 7.3 INVERTEBRATES 
and October, with mean water temperature above 
20 O C. important fishes in this group include bay Most nektonic invertebrates in the 
and striped anchavy, spotted seatrout, white Barataria Basin are decapod crustaceans or 
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cephalopod mollusks. The nektonic invertebrates 
of the Barataria Basin include a number of species 
which are of significant ecological importance to 
the trophic structure of the Basin. These include 
several species of penaeid shrimps and one 
species of portunid crabs. During certain stages of 
their seasonal life cycle, penaeid shrimps can be 
one of the most dominant species in terms of both 
numbers and biomass over much of the middle 
and lower basin. The most significant penaeid 
shrimps ecologically and commercially are the 
brown shrimp (Penaeus aztecus) and the white 
shrimp (Penaeus setifem$. Pink shrimp ( P e n a w  
duorarum), seabobs (Xi~ho~enaeus kroveri), and 
two species of Trachvpenaeus can also be 
significant ecological components during certain 
seasons of the year; however, these do not 
comprise a large percentage of the commercial 
shrimp catch. The two major Penaeid shrimps 
exhibit a typical estuarine-marine life cycle (Figure 
43). Postlarval brown shrimp begin to appear in 
Barataria Bay passes in late winter or early spring 
and migrate towards low-salinity protected areas 
during their early postplanktonic life stages. Allen 
(1979) found that brown shrimp move into the 
basin making intensive use of the 0-14 ppt salinity 
regime. In these areas, they feed on rich detrital 
bottoms, and at temperatures above 20 OC, can 
grow up to three millimeters per day. By late May or 
early June, these shrimps can reach subadult size 
and begin to migrate from the shallower marsh 
pond and bay areas into larger bays, eventually 
reaching the Gulf of Mexico. These migrations 
continue into early summer when vast numbers of 
these shrimps use outflowing currents through 
main tidal passes emigrating from the basin to 
complete their life cycle on the Continental Shelf in 
the Gulf of Mexico where spawning takes place 
(Farfante 1969). 

The white shrimp follows a life cycle similar 
to the one described for brown shrimp, but later in 
the year, so that postlarvae enter tidal passes in 
late spring and early summer and subadult size is 
reached by late summer, generally in late August. 
This resource partitioning allows the two species to 
use the rich nursery grounds of the basin, while 
avoiding substantial competition with each other. 
White shrimp migrations to the gulf occur during 
the early fall and the timing of these migration 
pulses is strongly influenced by the passage of 
cold fronts. White shrimp can be found within the 
basin in abundance even in mid to late fall with 
continual mild weather. During typical weather 

years, some white shrimp will even overwinter 
within the basin and these adults will migrate to the 
Gulf of Mexico in the early spring to complete their 
life cycles (Farfante 1969). 

Pink shrimp also follow this similar life cycle 
except that the greatest abundance of adults 
occurs during winter, indicating that spawning and 
migrating to the basin is completed after the main 
pulse of white shrimp emigration. Pink shrimp are 
therefore typically found in the bay during late 
winter and early spring. Pink shrimp constitute a 
minor component of the nekton in Barataria Bay 
compared with brown and white shrimps. This is 
consistent with the pink shrimps' preference for 
higher salinity waters and sandy seabottoms. 

Several species of portunid crabs are 
ecologically important during certain seasons 
within Barataria Basin. Primary among these is the 
well-known blue crab (Callinectes sanidug of 
significant commercial and sport fishing 
importance. Much has been written on the life 
history of this crab (Darnell 1959). It generally 
follows the estuarine-marine life cycle that was 
described earlier in this chapter for penaeid 
shrimps (Figure 43). Large numbers of ovigerous 
females ("berry crabs") can be found in lower 
portions of the basin during late summer prior to 
their emigration to offshore waters to spawn. The 
lengthy distances of these migrations are covered 
by swimming at or near the surface in the Gulf of 
Mexico. A related species, G. sirnilis, the lesser 
Mue crab, is also abundant in the Barataria Basin, 
particularly in higher salinity areas. In fact, G. similk 
is more abundant than G. =Didus over wide areas 
of the lower basin, a reflection of the high average 
salinity regime. This species does not reach 
commercial size and does not enter the crab 
fishery in the basin or offshore. It also does not 
exhibit the differences in migratory pattern of the 
blue crab whereby adult females emigrate offshore 
for the hatching of eggs and mature males 
generally stay in fresher water areas for the 
remainder of their life cycle. Both sexes of G. 
similis emigrate offshore and complete their adult 
life cycles on the Continental Shelf of the Gulf of 
Mexico. 

Among other portunid crabs, only 
Portunus aibbesii uses the lower bay in relatively 
large numbers to play a role in the nekton 
community. The adults of this species are typically 
found in the Gulf of Mexico. There are a number of 



other species of decapod crustaceans in the Since the completion of the Mississippi 
basin, but full discussion of their life histories is River levee system in the late 1930's, the direct 
outside of the scope of this chapter. impact of this river on the basin has virtually been 

eliminated (Chapter 1). The Mississippi River 
The brief squid ( brevi$ is the does, however, continue to influence the basin 

only nektonic mollusk th in any number through a more indirect method. During the 
within the Barataria Basin. spring, when discharge rates are high in the 
exhibits a seasonality that reaches its peak in late Mississippi River, the Gulf of Mexico offshore from 
summer and early fall. This is correlated with higher the Barataria Basin can frequently exhibit very low 
water temperature and salinities, with variation in surface salinities compared to periods later in the 
abundance related to estuarine zooplankton year. This is caused by the lower density of 
populations, a prime food of the least squid (Roper freshwater which tends to flow out across the 
et al. 1984). This squid is a true estuarine species surface of the gulf. For instance, the junior author 
(Roper et a[. 1984) and there is evidence of egg has taken top and mid-water samples in 45 ft of 
disposition and early developmental stages of this water offshore Barataria Bay that show differences 
squid within the basin. This is contradictory to of as much as 14 ppt (as NaCI). Depending on 
Maedrich (1983) who stated that squids do not climatic conditions and surface winds, this 
occur in estuarine areas. A second species of freshwater plume can be swept into the basin m, occurs in the shallow Gulf of during inflowing tidal periods. We have seen 

has not been recorded within the occasions where salinities at the beach of the Gulf 
inshare watersof Barataria Basin. of Mexico are considerably less than salinities 

within the barrier islands of the basin. This influx of 
7.4 COMMUNITY DYNAMICS Mississippi River water via the Gulf of Mexico can 

be clearly noted by the presence of large 
7.4.1 quantities of water hyacinths, duckweed, and 

other freshwater aquatic flora washed from the 
Tha physical, geographic, and geometric freshwater marshes surrounding the Mississippi 

dimensions of the Barataria Basin (Chapters 1 and Delta into the Gulf of Mexico. For short periods 
2) strongly influenca the distribution and character during the spring, this can result in some reversal 
of the nektonic fauna within the basin. The flat, of salinity or of homogenization of the salinity 
marshy, low-lying nature of the basin, coupled with regime throughout parts of the basin (Broussard 
the fact that thsre is no direct river inflow, leads to a 1982). This permits penetration of freshwater 
salinlty ragime that is variable both over an annual nekton from the upper basin to the lower, normally 
cycls and over much shorter periods due to certain more saline, reaches of the basin during these 
mateoroiogicai factors. Thus, the classical periods. During the record high Mississippi River 
estuarine salinity and faunal gradient often flows in the spring of 1973, Forman collected the 
exhibited by well-studied east coast estuaries freshwater river shrimp, brobrachium  hio om, at 
within the United States is not applicable to the Grand Isle adjacent to the Gulf of Mexico, well 
study of the Barataria Basin and, for that matter, beyond its normaldistribution. 
moI;l other estuarine basins within Louisiana. High 
nektsn productivity in the Barataria Basin may 
result from the reduced stress of maintaining 
physical position in the estuary against strong tidal 
currents and freshwater riverine flow (Dando 1984) The lack of direct riverine input into the 
since both of these factors are minimal in the basin has influenced the character of the 
system. There is normally a salinity gradient from freshwater component (Table 20) of the nektonic 
north fo south, I.@., Increasing salinities in the fauna. This fauna is adapted to the extensive 
southern part of the basin near the Gulf of Mexico. lentic and semilentic swamp and freshwater marsh 
However, the magnitude of this gradient is variable habitats that dominate the upper reaches of the 
depending on the seasons of the year and basin. Although these freshwater areas are 
localized meteorological conditions, Therefore, subject to some flow caused by tidal influences, 
nsktsn distdbutions are generally not as the fish and nektonic invertebrate fauna OF these 
predictable in the basin as they may be in east areas are typically backwater pond and lake forms, 
coast estuaries. with few stream or large river species. 
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a. Abiotic facto~.  The passage of cold- 
weather fronts, with associated strong northerly 
winds, strongly influences the distribution of 
nekton within the basin. These fronts can 
"override" the normal tidal cycle in south Louisiana 
and can result in a large displacement of estuarine 
waters from the basin to the Gulf of Mexico, often 
containing large numbers of juvenile fishes and 
macroinvertebrates (Sabins and Truesdale 1974). 
If this is coupled with heavy rainfall, salinity regimes 
can be significantly altered and even become quite 
disjunct in distribution, often with pockets of low 
salinity water scattered in the lower bay. Strong 
prevailing southerly winds can have the opposite 
influence in that tides will be overridden by a 
massive influx of water from the Gulf of Mexico. 
This results in excursions of high salinity waters, 
particularly in late summer into the lower basin. 
Many marine species of fish, such as adult crevalle 
jack (Caranx hi~ms), Spanish mackerel 
(Scomberomotus m, bluefish (porn& 
omus sahatrix), and others enter the lower bay 
during these periods. 

Strong southerly winds of several days 
duration will override normal tides, causing 
extremely high water levels that flood-out over the 
marsh. The feeding habits of typical estuarine 
predators, such as speckled trout (Cvnoscion 
nebulosug and redfish (Sciaeno- gcellatua, are 
adversely affected during these periods, resulting 
in "poor fishing." These species, and others, tend 
to feed during moving tides and these periods 
retard that activity. Many shallow-water shoreline 
species such as killifishes, silversides, and the 
young of many estuarine-marine species move 
onto the flooded marsh at this time to feed. 

Rainfall, the only major source of fresh- 
water within the basin, can also have a significant 
impact on the distribution of nekton within the 
basin. The normal seasonal cycle of higher rainfall 
during the late fall, early winter, and early spring 
can reduce salinities within the basin and allow for 
transitory passage of some fresh water species, 
such as the two Dorosoma species, into the 
normally higher salinity areas of the basin. 
Conversely, during the low rainfall period of late 
summer to early fall, higher salinities can be noted 
throughout the basin; it is during this time that 
many marine species enter lower portions of the 
bay, since conditions are similar to those found in 

the adjacent Gulf of Mexico. Rainfall is sufficient to 
provide low-salinity habitat for many species of fish 
and macroinvertebrates, in contrast to many lower 
coast Texas estuaries where limited riverine input 
and low rainfall produce strong hypersaline 
conditions, particularly in the warmer seasons. 

The winds associated with typical winter 
frontal passages can physically reduce the areal 
extent of environment available to certain nektonic 
species (i.e., marsh ponds, shallow embayments, 
etc.) and can therefore have a significant 
temporary impact on the distribution of nekton. In 
essence, water is simply blown out of the shallow 
environments and much of the fauna is forced to 
move to deeper, generally more open bay areas. 
These frontal passages are often accompanied by 
bw air temperatures (near 0 O C). Most species are 
able to survive these passages without lethal 
effects, moving into deeper, warmer bay waters as 
the marsh is blown dry. Excessively cold frontal 
passages during the winter of 1983-84 resulted in 
significant mortalities of a number of marine 
species in the Barataria Basin and elsewhere in 
southeast Louisiana. 

b. Biotic factors. Oxygen depletion in the 
shallow Gulf of Mexico has a potentially strong 
negative influence on the dynamics of the nekton 
in the Barataria Basin. Forman (unpublished) has 
observed this phenomenon for several years, but 
only recently has the occurrence been docu- 
mented in the Gulf of Mexico (See review by 
Rabalais et al. 1985). The presence of an oxygen- 
depleted bottom layer in the Gulf of Mexico directly 
offshore from the Barataria Basin could have a 
significant impact upon the nektonic fauna that 
uses the basin for either a nursery ground or a 
transitory feeding area. These species (such as 
white shrimp) must attempt to pass through this 
zone of oxygen depleted waters (Boesch 1983) 
on their routes from the Gulf of Mexico to the basin 
or vice versa. Species such as Atlantic croaker, 
spot, gulf menhaden, and others, having com- 
pleted their estuarine stay in the system and 
migrating into the Gulf of Mexico, would encounter 
this obstruction. 

"Red tides," which have been classically 
described from the gulf coastal waters of Florida, 
have not been clearly documented for the 
Barataria Basin. There have been some impli- 
cations of a phytoplanktonic "red tide" organism as 
the cause of some fish kills within and near the 



Barataria Basin, but additional research is needed these sanitary wastes on nekton populations has 
to document this phenomenon. not been documented for the basin. 

b. -. There is little true 
7.5 NEKTONIC RESOURCES industrial activity within the tidally-affected portions 

AND HUMAN INFLUENCE of the basin. There is, however, significant 
industrialization along the Mississippi River which 

7.5.1 Sport, Recreational, and forms the upper, eastern boundary of the basin. 
Commercial Fisheries This industry is isolated from the basin for the most 

part by flood protection levees, and discharges are 
The Barataria Basin supports an important typically directed to the Mississippi River. 

sport and recreational fishery, centered on species 
that depend upon the basin during phases of their There is a significant mineral exploration 
life cycle. Of primary importance are spotted and production industry present within the basin 
seatrout, redfish, croaker, sand seatrout, and proper. This consists primarily of oil and gas 
flounder among the fishes, and penaeid shrimps extraction. Perry (1979) and Waller (1979) con- 
and blue crabs among the invertebrates. cluded that oil and gas activities had no significant 

effect on fish and invertebrate assemblages in 
The Barataria Basin also supports a strong adjacent Timbalier Bay. Sulphur production by the 

commercial fishing industry particularly for penaeid Frasch mining process has occurred in the basin, 
shrimps, blue crabs, spotted seatrout, redfish, but there are currently no active mines in operation 
flounder, menhaden, croakers, and a number of within the basin. 
other species which use the basin during portions 
of their life cycle. Most nekton targeted by 
recreational and commercial interests are estuarine- c. Erosion_and. This is an 
marine species (Figure 43) that seasonally use the important and volatile issue in the basin as well as 
basin for various life history needs as they all of southeastern Louisiana (see Chapters 1, 2, 
complete their migratory life cycle. and 11). A significant contribution to the problem 

was the leveeing of the Mississippi River, which 
7.5.2 Human Influem prevented the annual overflowing of sediment-rich 

waters into the shallow basin areas. This situation 
a. Wateraualitv. The upper Barataria has been exacerbated by the dredging of navi- 

Basin experiences some degree of stress caused gation and mineral production access canals within 
by municipal discharges (sewage) from the the basin. This conversion from marsh or broken 
metropolitan New Orleans area and discharges of marsh to open water habitat has affected the 
urban rainwater runoff. These discharges have composition and magnitude of various nekton, 
resulted in lowered water quality in those swamp particularly the migratory estuarine-marine species 
areas nearest the city, primarily from eutrophication seeking shallow, protected areas as critical nursery 
and depressed oxygen levels caused by organic grounds during the first few months of their life 
matter and nutrient input (see Chapter 3). cycle. Studies are currently underway to 
Quantifying the effects of these discharges on the determine the feasibility of "re-introduction" of 
distribution and character of the nektonic fauna of Mississippi River water into the basin in an attempt 
the upper basin is recommended for future to build new marshland and, in addition, restore 
research. previous salinity regimes (i.e., retard saltwater 

intrusion). If these programs are implemented, 
There are a great number of recreational there will be a significant alteration in the 

fishing camps in the basin that contribute to distributional patterns of many nektonic species, 
sewage pollution. This, coupled with sewage in since, as discussed earlier, salinity regime seems 
the Mississippi River water that enters the basin to be the most important environmental factor 
through navigation locks, has resulted in closures determining the species composition of the fish 
of certain areas to oyster harvesting because of community. The magnitude of the community 
fecal cofifom bacteria. The problem is currently readjustment will depend on the scope and size of 
under study by the Louisiana Department of the proposed water introductions, but the 
Health and Human Resources. The effects of possibility exists that a riverine component of the 
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fish community could become established in the 
upper basin. 

d. Bv-catch. Much of the shrimp fishery in 
Barataria Bay is by trawling, although mid-water 
stationary "butterfly nets" are heavily used 
seasonally to harvest emigrating brown and white 
shrimp in tidal passes. The "by-catch" from both 
trawling and butterfly nets is substantial, with 
studies showing a 75% reduction in demersal 
biomass occurring within the basin shortly after the 
opening of shrimp-trawling season. For the most 
part, fishes taken with the shrimp harvest are not 
used and discarded overboard. Most organisms, 
except the blue crabs, are killed when caught by 
trawling. This is a significant factor affecting the 
character and magnitude of nekton within the 
lower basin during the late spring to early fall when 
shrimp-trawling seasons are open. The trawl by- 

catch is dominated by young of the migratory 
estuarine-marine fishes using the bay area as a 
nursery. This commonly includes Atlantic croaker, 
spot, sand seatrout, gulf menhaden, hardhead 
and gafftopsail catfish, and bay anchovy. Many 
common marine fishes such as Atlantic bumper, 
Atlantic threadfin, striped anchovy, gulf butterfish, 
star drum, and others are often taken in substantial 
numbers in the lower bay. In addition, many rarer 
species are taken in smaller numbers. The wing 
net by-catch contains many of the same species 
taken by trawling but more pelagic species are 
caught. Thompson (unpublished data) found that 
spotted and sand seatrout,gulf menhaden, bay 
anchovy, gizzard and threadfin shad, least puffer, 
Atlantic croaker, spot Atlantic bumper, and 
hardhead catfish made up much of the wing net by- 
catch in the fall harvest of white shrimp in Lake 
Pontchartrain tidal passes. 



CHAPTER 8 

WILDLIFE 

by 

R. K. Abernethy 

8.1 INTRODUCTION 

The swamps, bays, bayous, and marshes 
of Barataria Basin are inhabited by more than 400 
species of birds, 30 species of mammals, and 70 
species of reptiles and amphibians (Lowery 1974a; 
Lowery 1974b; Dr. Douglas B. Rossman, Curator, 
LSU Natural Science Museum; pers. comm.). This 
wildlife population is diverse, with members 
ranging from the huge flocks of waterfowl that visit 
the marshes in the fall to the small, inconspicuous 
harvest mouse (J3eithrodontomv~ fulvescfg!@ of 
the fresh marshes. Flocks of white pelicans 
(Pelecanus grythro-) numbering in the 
hundreds can often be seen over Leeville and 
Grand Isle, while snowy egrets (Earetta M) are 
visible in almost every bayou along Highway 1. 
The fact that the Barataria Basin supports such an 
incredible amount of wildlife is even more amazing 
when one considers that the basin borders New 
Orleans, and many people seek relaxation and 
enjoyment through this bountiful wildlife resource. 
Trapping and hunting annually draw over 400,000 
people to Louisiana's marshes and woodlands in 
search of white-tailed deer (Odocoileus 
virainianud, waterfowl, muskrat (Ondatra 
zibethicus), and nutria (- m) (LDWF 
1983). Because of the abundance of game and 
the easy accessibility, a large portion of these 
sportsmen choose the Barataria Basin. Bird 
watchers and wildlife photographers are also 
beginning to explore and appreciate the beauty, 
solitude, and peacefulness of the marshes and 
swarncs. 

Wildlife, then, is very important to the 
people of Louisiana as a source of recreation, 
income, aesthetic beauty, and pride. It is also 

ecologically important in the natural cycles of the 
marsh. Top carnivores such as the bald eagle 
(Haliaeetus leucoce~halus) and brown pelican 
(-) serve man as valuable 
indicators of environmental quality. The dramatic 
decrease of these two species in the Barataria 
Basin and elsewhere during the late 1950's led to 
the realization of the dangers of pesticide 
poisoning and its harmful effects on avian 
reproduction (Lowery 1974a). Happily, though, 
with the ban of DDT and the reintroduction of 
brown pelicans to Queen Bess Island in 1968, 
these fine aerialists can again been seen diving 
offshore at Grand Isle. The bald eagle is still in 
trouble, but four active eagle eyries remain within 
the basin (Dugoni 1980). 

In the following discussion of the wildlife of 
Barataria Basin birds will be broken into six groups 
(Peterson 1980). The general habits and habitat 
requirements of the groups can thus be more 
easily discussed without mentioning all of the 
individual species. Mammals will be discussed in 
four groups, and the reptiles and amphibians will 
be lumped into two groups, land and marine (Table 
24). 

8.2 BIRDS 

Some 411 species of birds have been 
reported in Louisiana. Of these, 98 are 
permanent residents that are known to breed here 
and 120 are winter visitors (Lowery 1974a). Most 
of these 218 birds are seasonally abundant in 
specific habitats throughout Barataria Basin. 
Certain highly visible species occur in huge 



Table 24. Groupings of animals of Barataria Basin. 

Birds 
a. Swimmers: loons, grebes, cormorants, anhingas, waterfowl, coots, gallinules 
b. Seabirds: pelicans, gulls, terns, skimmers 
c. Long-legged waders: herons, bitterns, egrets, ibis, storks 
d. Shore birds: rails, avocets, plovers, sandpipers, snipe 
e. Birds of Prey: hawks, eagles, owls, vultures, falcons, kites 
f .  Passerine birds: flycatchers, larks, swallows, crows, titmice, nuthatches, creepers, wrens, 

gnatcatchers, thrashers, thrushes, shrikes, waxwings, vireos, warblers, blackbirds, 
tanagers, finches, sparrows 

Mammals 
a. Bats 
b. Small mammals: mice, rats, shrews 
c. Furbearers: nutria, muskrat, mink, otter, opossum, bobcat, fox, raccoon 
d. Game animals: deer, squirrels, rabbits 

Reptiles and amphibians 
a. Land: snakes, turtles, lizards, frogs, salamanders 
b. Marine: sea turtles 

concentrations during certain times of the year. 
Flocks of white pelicans in excess of 500 
individuals can often be seen feeding in the salt 
marsh alone or with equally large flocks of common 
and snowy egrets during the winter. The long 
legged waders also congregate in nesting 
colonies in specific locations across the basin year 
after year. These colonies often hold in excess of 
1,000 adult birds (Figure 44). Waterfowl also 
congregate in flocks, often numbering in the 
thousands. Birds are by far the most visible wildlife 
in Barataria Basin. A discussion of a few of the 
most common birds and bird groups follows. 

The swimmers inhabit every habitat within 
the basin. Loons, grebes, and cormorants are for 
the most part migratory and spend winters fishing 
in the saline and brackish marshes and bays of 
south Louisiana. Anhingas (,Anhing;a a m )  and 
gallinules (Powhvrula martinicq, Gallinula 
~hloror2~1~), common summer nesters throughout 
the fresh marsh and swamp habitats, depart for 
southern climates with the onset of cool weather. 
The mottled duck (a &&&&&), common in 
fresh and intermediate marshes, and the wood 
duck (& m) of wooded streams and swamps 
are our only nesting waterfowl. The great bulk of 
waterfowl begin arriving in October and 
populations continue to increase until mid-winter. 

The puddle ducks, mallard 
g&@rhvn&Qs), blue-winged teal (&as giscors), 
and green-winged teal (& $re- are most 



common in the small, shallow, fresh and 
intermediate marsh ponds dominated by Panicuq 
hemitomon or Saaittaria lancifolia surrounding 
Lake Salvador, Lake Boeuf, Lac des Allemands, 
and north of Little Lake. Gadwall (&a strepera) 
are common in flocks of several hundred during 
the fall and early winter in the ponds and 
impoundments of the brackish marsh. During late 
winter and early spring the gadwall and pintail move 
down into the saline marsh and feed primarily on 
filamentous algae (Paulus 1982; Abernethy 1986). 
Lesser scaup (a affinis) and red-breasted 
merganser (Meraus serrator) are both common in 
the open waters of Barataria Bay and Caminada 
Bay. 

Seabirds, as the name indicates, are most 
common along the barrier islands and inland bays 
of Barataria Bay. Keller et al. (1984) surveyed 
nesting colonies along the barrier islands. She 
found nearly 50 colonies of black skimmers 
(flvnchops oiger) and least terns (Sterna &ifronS). 
Twelve other colonies of Forster's terns were also 
located. The Forster's terns preferred nesting on 
driftage or "wrack" piled on the marsh while the 
skimmers and least terns preferred bare ground on 
the beach. One colony of brown pelicans was 
found nesting on a black mangrove (Avicenr& 
germ in an^) island in Barataria Bay. This colony, 
which contained 48 adults when surveyed by 
Portnoy (1977), has since increased to over 1000 
adults (Larry McNease, LDWF Biologist, 
Rockefeller Refuge; pers comm). 

The long-legged wading birds are 
conspicious and are found in every habitat from 
the salt marsh to sugar cane field canals. Their 
nesting requirements, however, are very specific. 
Keller et al. (1984) located 28 nesting colonies in 
Barataria Basin. The largest at Lagan, Louisiana, 
contained 5,000 adults of six species. Great 
egrets (Casmerodiu~ m; Figure 45), great blue 
herons (Ardea herodia), and anhingas nest in tall 
mature cypress (Taxodium Qistichuru) and water 
tupelo aauatica) trees, while the smaller 
herons, egrets, and ibis prefer the smaller bushes 
and shrubby trees around ponds and along 
pipelines in the swamp. The most common nesting 
habitat in the salt marsh is black mangrove thickets 
on islands in Barataria Bay (Portnoy 1977). 

The shore birds are primarily winter visitors 
of sand beaches and tidal mud fiats where they can 
often be seen in incredible numbers during 

Figure 45. Great egret, or American white egret, in 
fresh marsh (photo by W. Conner). 

migration. The most common nesters are the king 
rail (RalIu~ ~Ieaans), clapper rail (Rallus 
iangirostris), black-necked stilt (-us 
mexicanus), kildeer (Charadriu~ vociferusl and 
willet (QlQptrophoru~ mipalmatus) (Lowery 
1974a). 

Birds of prey are common throughout the 
year in all habitats. They reach their highest 
populations during migration. The most common 
winter resident of the marshes is the marsh hawk 
(Circus l vane us), while common year-round 
resident nesters of the swamps and woodlands are 
the red-shouldered hawk ( B U ~ ~ Q  lineatud, barn 
owl UjdQ ) great homed owl (5&~ 
-), barred owl (m &), black vulture 
(CoraavDs atratus), and turkey vulture (Cathartes 
m. Passerine birds are found in every habitat 
with the greatest populations and species diversity 
found along ecotones in the swamp and 
bottomland hardwood forests. 

8.2.2 W o n a l  Abundance 

One of the most interesting aspects of 
ornithology is the study of migrations. Louisiana is 
at the bottom of the Mississippi Flyway, and in the 



fall birds from central and northern North America 
converge on Louisiana. Shore birds begin arriving 
in mid-July and the peak in numbers is reached in 
September. The waterfowl migration begins in mid- 
August with the arrival of blue-winged teal. They 
are joined in October by gadwall, widgeon, pintail, 
and shoveler. Populations peak in December with 
the arrival of mallards and divers. The State of 
Louisiana annually winters between 5 and 10 
million waterfowl with southeastern Louisiana (of 
which Barataria Basin is a part) attracting about 30% 
of the total (LDWF 1984; Byrd and Smith 1985). 
Birds of prey and passerines also descend on the 
state. Some stay all winter, but many stay only a 
few days before departing for points further south. 

As impressive as the fall migration can be, 
the spring return of migrants can be even more so. 
The spring migration starts in late February or early 
March and peaks in late April and early May. During 
this peak, as many as 50,000 birds/night/mi of 
shoreline enter Louisiana (Gauthreaux 1971). 
These birds, primarily passerines, cross the gulf 
and move inland almost every night during this 
period. If the weather is clear, they do not land 
until 30-50 mi inland in the vast swamps and 
forests of inland Louisiana. But, if the migrants are 
met with storms and strong northern cold fronts 
aver the gulf, they descend in incredible numbers 
along the beaches and cheniers of southern 

Louisiana (lowery 1974a). At these times, oak 
trees at Grand Isle may contain hundreds of 
warblers, flycatchers, vireos, and other passerines 
(Lowery 1945). These birds feed intensively 
througt~out the day and usuafly head north again 
shortly after sunset (Mebrard 1971). 

Most wading birds do not migrate from 
Louisiana. Their populations climb throughout the 
summer to a peak at the end of the nesting season 
in early July. This increase in populations is also 
true of most other less conspicuous resident 
nesters such as passerines and birds of prey, 

Many of the swimmers, seabirds, and long- 
legged wading birds feed on fish though their 
fishing techniques are vastly different. Loons, 
grebes, cormorants, and anhingas pursue their 
prey underwater, while brown pelicans, terns, and 
gulls dive from varying heights to catch fish. 
Skimmers, true to their name, skim along with only 
their lower mandible in the water, catching any 
small fish they touch. The long-legged waders 
prefer to stalk their prey while wading quietly 
through the shallows. The waders also vary their 
diet af fish with crayfish, grasshoppers, cut-worms, 
lizards, frogs, and snakes (Baynard 1912; Table 
25). 

Table 25. Major food items of 354 wading birds. Samples are based on 1 adult or 50 young 
(adapted from Baynard 1912). 

Food item -- ~ "" --*- - - -  " -- "--" * - "  ....---- - -- ---- 
Species Grassho~pers Crayfish Fish Cut worms Froas Snakes Insects 

Adult 
Glossy ibis 12 19 0 14 0 1 1 
Little blue heron 51 3 0 3 2 0 0 
Green heron 16 6 0 2 trace 0 0 
Tricolored heron 200 0 0 0 0 0 0 

Young 
Little blue heron 
Egrets 
White ibis 
Tricolored heron 
Snowy egrets 
Anhinga 
Night heron 

TOTAL 

1900 142 0 149 37 0 0 
0 1 76 6 I 0 297 49 0 

308 602 0 352 0 42 0 
2876 67 0 17 8 0 0 
762 29 120 91 0 7 0 

0 0 all 0 0 0 0 
0 60 641 0 0 0 79 



Waterfowl feed on a great variety of plant 
and animal species. Feeding habits vary from 
species to species and depend a great deal on 
food availability. Glasgow and Bardwell (1962) 
found pintails (Anas acuta) ate 98.6% vegetable 
matter and 1.4% animal matter. Primary plant 
species used were, in order of decreasing 
abundance, fall panicum (Panicum 
dicho-, brownseed paspalum (Eas,palurq 
~ I i ca tu lm,  Walter's millet (Fchinochloa walten), 
American cupscale (Sacciolew~ striata), and 
barnyard millet (Fchin- m. 
Chamberlain (1959) examined 1,251 gizzards of 
17 species of waterfowl and also found high use of 
vegetable matter by most species, primarily seeds 
of Cladium, Scimus, and Eleachari~. Notable 
exceptions were the diving ducks, which 
consumed large quantities of insects, mollusks, 
fishes, and crustaceans (Table 26). 

The shore birds seen along barrier 
beaches and mud flats feed primarily on very small 
insects, crustaceans, mollusks, and worms 
(Peterson 1980). Rails feed in the marshes on 
crabs, snails, and Insects (Bateman 1965). 

The birds of prey are carnivores and with 
few exceptions eat rodents, snakes, and birds 
(Lowery 1974a). Three exceptions are the 
uncommon ospreys (w h&&j&) and bald 

eagles, which eat fish, and vultures, which eat 
carrion. 

The passerines have widely varied food 
habits. Swallows and swifts prefer to take their 
insects on the wing; sparrows on the other hand 
scratch out insects and weed seeds along spoil 
banks in the swamp (Lowery 1974a; Peterson 
1980). 

8.3 MAMMALS 

8.3.1 Distribution 

Eight species of bats, eleven species of 
small mammals, seven furbearers, five game 
animals, and the armadillo are found in the 
swamps, marshes, wet pastures, and hardwood 
ridges of Barataria Basin (Burt and Grossenheider 
1964; Lowery 1974b; Table 27). Bats are 
common, though not often seen, throughout the 
basin. Being nocturnal, they roost during the day 
in hollow trees, in clumps of Spanish moss 
(m useoides), and in the attics of old 
houses, sheds, ar,d camps. They are most 
common in swamps and along natural levees and 
ridges where roost sites are plentiful. Trapper's 
shacks and hunt camps provide additional roosting 
sites far out into the marsh. 



Table 27. Checklist of the mammals of Barataria Basin. A = abundant, C = common, FC = fairly 
common, NC = not common. 

Scientific name Common name Occurrence 

Mvotis jwstrori~arius Southeastern myotis NC 
Pipistrellus subflavus Eastern pipistrelle C 
Lasiuruq borealis Red bat C 
I;asiurus seminolus Seminole bat C 
] asiuwintermediy~ Northern yellow bat FC 
Nvcticeius humerali~ Evening bat C 
Plecotus r a f i n e u  Rafinesque's big-eared bat C 
Tadarida brasiliensi~ Brazilian free-tailed bat C 
l2YRukim Least shrew C 
G l a u m  volans Southern flying squirrel C 
Qrvzomvs ~alust ris Marsh rice rat A 
j3eithrodontomvs fulvescens Fulvous harvest mouse A 
Peromvscus leuco~us White-footed mouse C 
m a o s s v D i n u s  Cotton mouse C 
SjgmodorthisDidus Hispid cotton mouse A 
Neotoma florida Eastern wood rat FC 
Rattus- Roof rat C 

norveaicu~ Norway rat C 
!lbsmusculus House mouse C 
Dxygus novemcinctus Nine-banded armadillo C 
Didel~hus virainiana Opossum C 
Qn&- Muskrat A 
Mvocaster WVDUS Nutria A 
EYQs!m]PtQI Raccoon C 
b!b&&iw Mink NC 

~anadens i~  Otter NC 
L!mlYfibs Bobcat NC 
$ v l v i l ~ ~  Eastern cottontail C 
Svlvilaaus~auaticus Swamp rabbit C 
Sciurus carolinensis Gray squirrel C 
Sciurus n i ~ r  Fox squirrel C 
Odocoile~~s virainianu~ White-tailed deer C 

Small mammals are also found throughout 
the basin and like most wildlife are more common 
along ecotones or edges of two or more habitats. 
Levees and canal spoil banks provide much 
needed high ground for dens and nests. 
Populations studied in the fresh marshes around 
Lake Boeuf were found to be significantly higher 
along these spoil banks (Abernethy et al. 1985). 

The furbearers are probably the single 
most important group of mammals in Barataria 
Basin. They make up the highest percentage of 
biomass, and more time is spent in their pursuit 

than any other group of mammals found here. All 
the furbearers are common and widespread 
throughout the basin though their relative 
abundances vary between habitats. The muskrat 
(Ondatra zibethicus) is more common in the salt 
and brackish marsh than in the fresh-intermediate 
marsh (Greg Linscombe, LDWF Biologist, New 
Iberia, LA, pers. comm.; Palmisano 1973; Sasser 
et al. 1983; Abernathy et al. 1985). Nutria 
(Mvocastor COVDUS) concentrations are consid- 
erably higher in the fresh marsh than in other 
wetlands while raccoon (Procvon U ) ,  mink 
(Mustela vison), and otter Canadensis) are 



found in similar concentrations in all marsh types species like the deer, otter, nutria, muskrat, and 
(Palmisano 1973). Opossum raccoon, man is a major predator, and animal 
virainiana) and bobcat m) numbers decrease throughout the season. But 
common in the marshes but are found along ridges during spring the fecundity of these species is 
and levees primarily in the northern swamps and displayed as litters are born and their numbers 
along the Mississippi River. again approach the carrying capacity of the 

marshes. 
The five game animals present in Barataria 

Basin are found together in only one region. it is in 8.3.3 Food Habi& 
the varied habitat of the cypress swamps, ridges, 
and farmland of northern Barataria Basin where a Mammals can be classified into three broad 
hunter may take gray and fox squirrels, (m groups by their food habits: herbivores, first-order 
~rolinensis, S. cottontails and swamp carnivores, and second-order carnivores. The 
rabbits (- floridanus, S. -1, and herbivores, which feed primarily on plant material, 
white-tail deer (Qdocoileus . . .  . The white- are generally most common, have the largest and 
tailed deer prefers the dry ridges and abandoned most frequent litters, and are near the bottom of 
fields but does spread out into the floating the food chain. Rice rats, nutria, muskrat, and 
marshes of Lake Boeuf and the stable fresh swamp rabbits are the most common herbivores. 
marshes north of Golden Meadow, Louisiana. Rics rats are abundant throughout Barataria Basin 
Deer are also found along the Mississippi River and can produce up to seven litters between 
levees south to the delta. The swamp rabbit is March and October with two to five young per litter 
common and widespread in most habitats from (Lowery 1974b). The rice rat feeds primarily on 
Grand Isle ta Donaldsonville. It survives in swamps seeds and plant materials but will shift to animal 
to brackish marshes, but prefers at least some dry protein if it is available. Sharp (1967) found that 
ground. Therefore it is most common along rice rats in a Georgia salt marsh fed mostly on crabs, 
ridges, cheniers, and spoil banks. The squirrels insects, and bird eggs throughout the summer. 
inhabit the swamps and reach highest populations This prolific breeder is in turn preyed on by owls, 
along the hardwood ridges and natural levees hawks, snakes, and mink, The barn owl feeds on 
where mast-producing oaks (Querr;us m.) are little else. Jemison and Chabreck (1962) found 
found (Lowery 1974b). that 97.5% of the food of wintering barn owls on 

Marsh Island, Louisiana, was rice rats. 
8.3.2 

Nutria are abundant throughout the basin 
Mammals are mostly year-round residents but generally reach their highest populations in the 

of the basin. Only a few species of bats migrate fresh marsh (Palmisano 1973). These 12 Ib 
into or out of Louisiana during the winter. Some rodents feed on aboveground vegetation and can 
small mammals may hibernate during the coldest consume 2.5 to 3.5 pounds of food a day (Lowery 
weeks of the year but the majority of species are 1974b). The muskrat, in contrast, eats 0.7 pounds 
active and visible throughout the year. of roots, tubers, and some above-ground 

vegetation per day. Its preferred food in the 
gus et al. (1961) found that rice rat brackish marshes is Scirrgy~ ~Inevi  and when 

( papulations in the brackish is encouraged to grow through the 
marshes of Breton island, Louisiana, reached their controlled use of fire, dramatic increases in muskrat 
lawest density in late winter and early spring. numbers often result (Lowery 1974b). Muskrats 
Populations increased throughout the summer and nutria are extremely destructive to their 
and fall and began to decline after November. This habitats (Figure 46). Their burrowing and digging 
decline in the fall was due to cessation of breeding can cut up and destroy a great deal of marsh. Each 
and high mortality caused by the onset of bad muskrat house may have a diameter of 10 ft and 
weather. During relatively warm winters, Negus may contain 20 bushels of marsh vegetation. In 
found that populations continued to increase areas where the muskrat population increases well 
through the winter, This population trend is similar beyond the carrying capacity, the marsh itself can 
in most mammal species. The onset of hunting be destroyed. This is locally called an "eat-out" 
and trapping activities contribute to the decline of and the result to the population is starvation or 
some species through the fall and winter. For emigration (Lynch et at. 1947). 
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Figure 46. Muskrat eat-out in SDartina 
marsh (photo by R. Abemethy). 

Swamp rabbits are also quite common in all 
habitats except the salt marsh. They feed on most 
grasses, sedges, and emergent vegetation. 

The bats are the most common first order 
carnivores of the basin. They catch and eat 
primarily flying insects. Barbour and Davis (1969) 
found that Brazilian free-tailed bats (Tadarida 
jxasiliensis) nightly consumed 0.09 oz of insects 
apiece. They computed that this amounted to the 
destruction of 19,800 tons of flying insects a year 
in Texas. 

8.3.4 

Mammal populations vary widely between 
and within habitats. Nutria are most common in the 
fresh marsh with a coastwide average pelt 
production of 1.2 peltslha. The brackish marsh 
averages 0.37 peltslha while the saline marsh has 
nearly zero. Between 1977 and 1980 Linscombe 
et al. (1984) studied a nutria population in a 
brackish aartinq patens marsh in southcentral 
Louisiana that he considered to have numbers 
greater than the caving capacity of the land. It 
yielded 10.5 peltdha from a population of 24 
nutrialha. 

Muskrat are most common in the S@x!h3 
patens brackish marshes. Harvests as high as 16 
peltstha have been reported in some areas with a 
coastwide average of 0.2 peltslha. These brackish 
marsh populations seem to be cyclic; the fresh and 
intermediate marsh populations are much lower 
but also more stable, with maximum harvests 
approaching only 1.6 pefts/ha (Palmisano 1973). 

Otter, mink, and raccoon are not nearly as 
common as nutria and muskrat. Mink production 
was a constant 0.03 peltslha in all habitats while 
raccoon catch was higher in the fresh marsh with a 
production of 0.77 peltslha (Palmisano 1973). 
This high production may have reflected more the 
higher price paid for fresh marsh raccoons than the 
actual population size. Otters were by far the most 
uncommon large mammal of the marshes. Average 
pelt production for all marsh types was 
approximately 0.001 peltsiha. 

8.4 REPTILES AND AMPHlBlANS 

The top mammal carnivores in Barataria 8.4.1 Distributio.n 
Basin are also the most elusive. The raccoon, 
mink, and otter are found throughout the basin but More than 60 species of herpetofauna are 
in no location are they common. They are shy, found throughout the bottomland hardwood 
secretive, and generally nocturnal. The otter is at ridges, swamps, and marshes of Barataria Basin 
home in the water and feeds mostly on fish, crabs, (Table 28). Snakes lead the list with 22 species, 
snakes, crayfish, frogs, and other aquatic animals. followed by 15 turtles, 11 frogs, 6 salamanders, 6 
The mink and raccoon both prefer to hunt along lizards, 4 sea turtles, 3 toads and the alligator (Dr. 
the banks of bayous and ponds. The mink Douglas A. Rossman, LSU Museum of Natural 
consumes the same food as the otter with the Historyipers. comm.). 
addition of birds and small mammals. The raccoon 
adds fruit, berries, mast, and buds to its list of The highest concentration and greatest 
animal protein. Once mature these top carnivores species diversity is along the natural ridges and 
have little to fear except alligators and man in levees leading away from the Mississippi River and 
search of fur (Lowery 1974b). out into the cypress swamps that make up the 
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I Table 28. Reptiles and amphibians of Barataria Basin (source: Dr. Douglas A. Rossman, LSU 1 
Museum of ~atura l  ~ i s t o r ~ j .  

American alligator 
Alligator snapping turtle 
Snapping turtle 
Stinkpot 
Mud turtle 
Box turtle 
Diamondback terrapin 
Map turtle 
False map turtle 
Red eared turtle 
Slider 
Cooter 
Painted turtle 
Chicken turtle 
Smooth soft shell turtle 
Spiny softshell 
Green anole 
Ground skink 
Five-lined skink 
Broad-headed skink 
Eastern Glass lizard 
Slender Glass lizard 
Three-toed amphiuma 
Lesser siren 
Small mouthed salamander 
Central newt 
Southern dusky salamander 
Dwarf salamander 
Fowler's toad 
Gulf coast toad 
Northern cricket frog 
Northern spring peeper 
Green treefrog 
Squirrel treefrog 
Gray treefrog 
Bird-voiced treefrog 
Upland chorus frog 
Eastern narrow-mouthed toad 
Bull frog 
Pig frog 
Bronze frog 
Southern leopard frog 
Atlantic green seaturtle 
Atlantic loggerhead 
Atlantic ridley 
Atlantic leatherback 
Green water snake 
Diamondback water snake 
Yellow-bellied water snake 
Broad-banded water snake 

A l l i a a  mississisiensis 
~acroc lemv~ temmincki 
Chelvdra sementina 
Sternotherusodoratus 
Kinosternw subrubNm 
Terra~ene carolina 
Nalaclemy~ terraoin 
Grastemvs kohni 
Graotemvs pseudQgmgraphica 
PseudemvsscriDta 
Pseudemvs floridana 
Pseudemvs concinna 
Chrvsemvsm 
neirochelvs reticularia 
Trionq muticus 
Trionvx ~ ~ i n i f e r u s  
Anolis~arolinensis 
Scincella lateralis 
Eumecesfasciatus 
EumeceslaticeDs 
mhisaurus ventralis 
Oohisaurui~nuatus 
Am~hiuma tridadvlum 
Siren intermedia 
Ambvsto- 
Noto~hthalmus vividescens 
Desmoanathus- 
Eurvce;a auadridiaiw 
rn yoodhousei 
rnvalliceDs 
Acris creoitans 
u c r u c i f e r  
&la cinerea 

~auirella 
uchrvsocelis- mw 
&la avivoca 

Ranacatesbeiana 
mggQ 

~lamitans 
mu t r i cu la r ia  
Chelonia m w  
!2x!ab- 
bidochelys kemoi 
Derrnochelv~ coriacea 
Nerodia &vclopion 
Nerodia rhombifera 
Nerodiagwthroaaster 
Nerodia fasciata 



Table 28. Concluded. 1 

Delta glossy water snake Reaina riaida 
Brown snake dekavt 
Eastern garter snake Thamnoohi~ sirtali6 
Western ribbon snake T h a m n o p h i ~ w  
Eastern hognose snake Hetrodon glatvrhino$ 
Ringneck snake &&~l&m 
Western mud snake Farancia- 
Racer 
Rough green snake 
Texas rat snake 
Speckled kingsnake 
Louisiana milksnake 
Southern copperhead 
Western cottonmouth 

northern part of Barataria Basin (Table 29; Mabie 
1976). Along these islands of high, dry ground, 
many species find needed nesting areas and 
preferred basking and hibernation sites. Tinkle 
(1959) found the ridges were also useful as 
dispersal routes for species such as the racer 
(Coluber m), speckled kingsnake 
(Lam~ro~e l t i~  getuluQ, and the Texas rat snake 

(Flap& m). He found 66.7% of the reptiles 
and amphibians on the ridge and only 3.1% in the 
surrounding gum-cypress swamp (Table 30). 
Other species common to the hardwood ridges are 
the cottonmouth (Aakistrodon giscivorus), green 
watersnake (Nerodia m), broad-banded 
watersnake (Nerodia m, diamondback 
watersnake (,Nerodia rhombiferd, western ribbon 

Table 29. The numbers of several species of 
reptiles encountered along spoil banks in 1974 
(Mabie 1976). - 

Habitat 
Spoil 

Species Swamp bank Aquatic 

American alligator 0 2 3 
Green anole 2 21 0 
Ground skink 0 15 0 
Diamondback water snake I 10 3 
Ribbon snake 0 2 0 
Speckled kingsnake 0 1 0 
Eastern yellow-bellied racer 0 2 0 
Western cottonmouth 2 12 3 
Green treefrog 0 2 0 
Five-lined skink 1 6 0 
Green frog 2 23 10 

TOTAL 8 96 19 

Table 30. The numbers of reptiles and 
amphibians encountered along the main ridges or 
in the CYPresS-gum Swamp of the Barataria 6asin 
from November 1953 to December 1954 (Tinkle 
1959). 

Habitat 
Species Swamp Ridge Aquatic ~ z h  

Pakistrodon ~ isc ivoru~ 25 23 6 19 
Anolis carolinensis 8 96 3 104 
Colube[~nstr i i to~ 0 16 0 0 
Eurneces fasciatus 2 53 0 1 
Hv1a cinerea 0 36 0 132 
~amoro~eltip aetulus 0 15 0 0 
Microhvla carolinensis 0 78 0 2 
Natrix ~vclooiorl 0 0 12 6 
N* sbedon 6 6 25 12 
Rana clamitan3 15 675 7 165 
Thamno~his 2 180 8 31 

TOTALS 58 1,178 61 472 
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snake (Thamnoa go-, green anole 
(Anolis ~rolinensis), five-lined skink (Eumeces 
fasciatus), ground skink (Scincella lateraljs), green 
treefrog (u cinerea; Figure 47), eastern narrow- 
mouthed toad (Gastro~hryn~ carolinensif$, and 
bronze frog fRana clam-) (Tinkle 1959; Mabie 
1976). 

Few reptiles and amphibians prefer a 
saline environment (Mabie 1976). The only 
species found commonly in salt marsh 
environments are the gulf salt marsh snake 
(Nerodira fasciata W), the guK coast toad (W 
vallice~s), and the diamondback terrapin 
(Malaclemvsterraein) (Mabie 1976). 

The second highest concentration of 
herpetofauna is found in the fresh and 
intermediate marshes. Here, too, the animals are 
more common along spoil banks and levees than 
in the marsh proper and for many snakes, turtles, 
and the American alligator (AlligatPr 
mississi~niensiS), this is the preferred habitat 
(Table 31 ) . 

In June 1982, three transects were run in 
the swamp and fresh marsh bayous around Lake 
Boeuf. In 30 mi, 106 alligators were counted for an 
average of 3.5 alligatorstmi (Sasser et al. 1983). In 
1983 a survey of Lake Boeuf recorded 454 
alligators around the 7-mi shoreline (Sasser et al. 
1984). This average of 64.9 alligatorslrni cannot 
be compared with the previous survey because of 
the different widths of the transects. But the lake 
survey does show that alligators are extremely 
abundant in certain habitats. 

Four sea turtles, the Atlantic green sea 
turtle (I;heIom mvda), Atlantic loggerhead 
(Caretta ~aretta), Atlantic ridley (Leoidochelv~ 
kernpi), and the Atlantic leatherback (Perrnochelys 
mriaceir) also visit the offshore waters of the barrier 
islands of Barataria Basin (Rossman; pers. comm.). 

8.4.2 Food HabiQ 

Most species of herpetofauna are 
carnivorous or omnivorous. Turtles feed primarily 
on fish, crustaceans, mollusks, insects, 
invertebrates, and vegetatioii. Lizards, sala- 
manders, frogs, and toads consume insects and 
spiders. Snakes eat almost any animal they can 
catch, with fish, frogs, salamanders, lizards, 
snakes, tadpoles, crawfish, insects, rodents, small 
birds, and bird eggs making up the bulk of their 
diet (Conant 1975). The alligator, the largest 
reptile in Louisiana, feeds primarily on crawfish. 
Chabreck (1971) estimated 61% of the alligator's 
diet in freshwater habitats was crawfish. In brackish 
water, blue crabs (Call inem saDldus) make up 
50% of the diet. Alligators also feed on birds. 
fiddler crabs (m gumax), fish, insects, muskrats, 
turtles, shrimp, snails, snakes, nutria, and some 
grasses (Valentine et al. 1972; Table 32). 

In 1985, an intensive helicopter search 
was made for alligator nests around Lake Boeuf 
(Sasser et al. unpubl. data; Figure 48). One 
hundred twenty active nests were located in the 
3,645-ha marsh. Chabreck (1966) found that 5% 
of the total population was nesting females. From 
this figure, a population estimate at Lake Boeuf of 
2,400 alligators or one alligatorll.5 ha can be 
calculated. Joanen and McNease (1982) found 
one alligatort8.0 ha in the marshes as a whole. 
They found one alligatort3.2 ha in the intermediate 
marsh, and one15.7 ha in the fresh and brackish 
marshes. Few were found in the salt marsh. 



Table 31. Coastal alligator population estimates according to marsh zones and marsh types, 
averaged for 1970 and 1977 and expressed as a percentage (after McNease and Joanen 1978). 

Marsh zones Population 
Marsh type Chenier Plain Subdelta Active delta by marsh type 

Fresh 21.6 13.4 2.5 37.5 
Intermediate 22.9 6.5 2.5 31.9 
8 rackis h 16.2 14.1 0.4 30.7 
Total by 
areafmarsh zone 60.7 34.0 5.4 

Table 32. Stomach contents of alligators 
(given as average percentage of the volume and 
average percentage of occurrence) from the 
Sabine National Wildlife Refuge. (Giles and 
Childs 1949; Valentine et al. 1972). 

Food item Vol~rne(~!~) Occurren~e(~/~) 

Crustacean 18 70 
Fish 23 34 
Reptiles and amphibians 7 21 
Birds 14 16 
Mammals 26 32 
Insects 10 15 
Plant material c 1 32 
Miscellaneous (stones, 2 33 

shells, mud, etc.) 
Empty 0 3 

8.5 ENDANGERED SPECIES 

Louisiana has 14 species of endangered 
or threatened birds, mammals, and reptiles 
(USFWS, Office of Endangered Species, Jackson, 
Miss.). Of these 14, 8 may be found in Barataria 
Basin. 

Historically, brown pelicans were common 
throughout coastal Lousiana and the northern Gulf 
of Mexico. Breeding colonies were located on 
Isles Dernieres, East Timbalier Island, the 
Chandeleurs, and the mouth of the Mississippi. In 
1956, 20 to 25 dead adults were noted around 
Dauphin and Petit Bois Islands in Alabama and 

Figure 48. Alligator nest in fresh marsh around 
Lake Boeuf (photo by R. Abernethy). 

Mississippi, and 50 dead adults were found on the 
Chandeleurs. Populations declined rapidly 
thereafter, and by 1962 no nesting occurred in 
Louisiana (Lowery 1974a). 

The problem was nationwide, and 
chlorinated hydrocarbons used in pesticides, such 
as DDT and endrin, were found to be the cause. 
The chemicals leached off farmland with rain water 
and flowed into streams and rivers. Fish picked up 
the poison and the pelicans ate the fish. The 
chemicals concentrated in the birds' fat tissues and 
during times of stress, such as cold weather, or 
storms, the fat was used and the chemicals 
released into the birds' systems. Not only were 



adults killed, but the ones that survived were declined for no apparent reason but may still be 
unable to reproduce. Eggs were laid with shells so found occasionally throughout the southeast. 
thin that they broke under the weight of the 
incubating parent. 8.5.4 Perearine Falcon (WgerearinuS) 

A rare winged visitor of Barataria Basin's 
In 1968, the Louisiana Department of gulf shores, this large, powerful falcon is most 

Wildlife and Fisheries released at Grand Terre often observed over marshes, mud flats, and 
Island in Barataria Bay 15 pelicans captured in beaches during migration where it feeds on 
Florida and 15 more at Rockefeller Refuge in shorebirds and waterfowl. Its decline, like the 
southwest Louisiana. The practice continued and brown pelican's, was primarily caused by the 
the Grand Terre birds thrived while the Rockefeller weakening of eggshells by chlorinated 
birds disappeared. In 1973, there were an hydrocarbons (Lowery 1974a). 
estimated 400 birds in Barataria Bay. Brown 
pelicans were again seen from the Chandeleurs to 8.5.5 SeaTuttles 
Timbalier (Lowery 1974a). 

Of the four species of sea turtles found in 
Today, the brown pelican continues to Louisiana waters, two, the Atlantic green sea turtle 

increase. There is an estimated population of and the Atlantic loggerhead turtle, are listed as 
2.000 birds in two colonies: one in Barataria Bav threatened (USFWS, Office of Endangered 
and one on North Island in the Chandeleurs. Species, Jackson, Miss.). The Atlantic ridley and 
Though still endangered they seem to be out of Atlantic leatherback are listed as endangered. 
immediate danger (McNease, pers. comm.). 

Sea turtles do not nest in Barataria Basin, 
8.5.2 Bald E a a l ~  but as late as 1962, Atlantic loggerheads, the most 

common sea turtle in the northern gulf, still nested 
The baH eagle, always an uncommon on the Chandeleur Islands, east of the Mississippi 

raptor of the Southeast, has become extremely River (Ogren 1977 in Fuller 1980). Fritts et al. 
rare in the last 50 years because of pesticide (1983) conducted five bimonthly flights from June 
poisoning and illegal shooting. Yet, Dugoni (1980) 1980 to April 1981 south of Marsh Island, 
located 29 bald eagle eyries in south Louisiana. Louisiana. They ~ ~ u n t e d  15 Atlantic loggerhead 
Thirteen were occupied in 1978-79, and of these, turtles, and 2 Atlantic leatherback turtles, but no 
four were in Barataria Basin. Dugoni found annual Atlantic green sea turtles or Atlantic ridley turtles. 
production to be 0.94 young produced per active 
nest, which suggests that the population may be Two major factors that have decimated all 
stable. species throughout the gulf have been 

exploitation for food and nesting habitat loss to 
Birds, primarily waterfowl and coots, make seaside development. Turtles are also caught in 

up 42% of the eagles' diets, while fish supply 42% nearshore shrimp trawls. In 1977, 26 Louisiana 
and mammals 16%. Bald eagles are most often shrimpers fished 5,345 days and caught 102 sea 
considered fish eaters, but this preponderance of turtles of which 24% died before they could be 
waterfowl in the diet may be explained by the large freed (Fuller 1980). 
amount of sport hunting that takes place in south 
Louisiana, and the resulting availability of lost and 
crippled birds (Dugoni 1980). 8.6 HUNTING AND TRAPPING 

8.5.3 achman's Warble[ (Varmivora bachman@ Wildlife is extremely important to the 
people of Louisiana and the Barataria Basin. Game 

America's rarest warbler is a breeder in species provide 400,000 hunters with 7,486,000 
heavily wooded swamps and bottomlands, and person-days of recreation each year on a statewide 
until the 1890's Bachman's Warbler was locally basis (LDWF 1983). Much of this hunting takes 
common in south Louisiana. Stuffed specimens place on private land or on three state wildlife 
often turned up in the millinary trade as colorful management areas which total some 119,000 
adornments on ladies hats. The population acres in Barataria Basin (Brunett and Willis 1981). 
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The most sought after group of animals in 
Barataria Basin is probably waterfowl. In 1983, 
hunters in Barataria Basin harvested over 210,000 
waterfowl, or 1O0h, of the statewide harvest of 
2,270,000 birds. To put these figures into national 
perspective, this kill of 210,000 in the basin was 
higher than the kills of 30 States. 

The bottomland hardwoods and swamps 
of northern Barataria Basin have excellent hunting 
for squirrel, rabbit, and whitetailed deer. Some 
good public deer hunting exists in the fresh 
marshes of Salvador Wildlife Management area. 
This 31,000-acre area, 20 mi. southeast of New 
Orleans, is accessible only by boat. 

While game species are sought primarily 
for sport and recreation, furbearers provide partial 
employment for 12,000 trappers statewide and 
income of over $20 million in addition to the 
recreational aspects (Joanen and McNease 1982). 
Zeringue (1980) reported the six most commonly 
taken fur species in the northern Barataria Basin to 
be nutria, muskrat, raccoon, skunk, opossum, and 
otter. They yielded 99,000 pelts and provided 
trappers with an income of $446,000 in 1977. 

The most common furbearer, the nutria, 
yielded over 77,000 pelts. Nutria were first 

introduced into Louisiana from South America in 
the late 1930's and spread quickly to all freshwater 
aquatic habitats in the state. Today, it is one of the 
most common mammals of the state and can be 
seen along nearly every stream and bayou and in 
everv fresh marsh and swamD in Barataria Basin. 
The nutria is the backbone of the Louisiana fur 
industry, annually contributing over 50% of the 
total harvest (Linscomb and O'Neil1982). 

One species that has increased from 
endangered status to the point of abundance is 
the American alligator. Populations have 
increased to such a point that there is now a rigidly 
controlled harvest statewide. In 1984, alligator 
trappers harvested over 4,000 animals from 
Barataria Basin alone (N. Kinler, Biclogist, La. Dept. 
Wildl. Fish., New Iberia, Louisiana; pers. cornm.). 

Hunting and trapping are extremely 
important activities in the basin today and along 
with sport fishing are the most important 
recreational activities. Although the popularity of 
bird watching, photography, nature watching, and 
camping are ever increasing in Barataria Basin, 
hunting, trapping and sport fishing (i.e., the 
consumptive use of wildlife resources) remain the 
most important reasons people enter the Barataria 
Basin. 



CHAPTER 9 

REVIEW OF MODELING STUDIES 
IN THE BARATARIA BASIN 

R. Costanza 

9.1 INTRODUCTION 

The Barataria Basin has been the focus of 
several mathematical modeling studies aimed at 
improved quantitative understanding of the 
physical, biological, and socioeconomic behavior 
of the region. Eight modeling studies are 
reviewed in this chapter. Because the Barataria 
Basin is made up almost entirely of wetlands and 
open water systems, hydrology is an important 
component in all of the models. Two 
hydrodynamic models aimed at simulating the 
detailed water flow in the region have been 
produced (Stone and McHugh 1979; Hopkinson 
and Day 1980b). Other models have incorporated 
hydrology in a less detailed way as a major 
determinant of plant and animal behavior 
(Hopkinson and Day 1977; Sklar et al. 1983; 
Costanza et al. 1983). A third group of models 
concentrated on long term succession and land 
use change caused by human actions, mainly as 
they affect hydrology (Eckenrod et al. 1979; 
Hopkinson and Day 1980a; Cleveland et al. 1981). 
In this chapter, each of these modeling efforts is 
briefly reviewed, pointing out the major purpose of 
each study and its results (along with problems, 
limitations, and suggestions for further research). 

9.2 HY DRODY NAMlC MODELS 

Hydrodynamic models simulate the 
physics of water movement. They have become 
popular and effective tools for storm water 
management and other applications that require 
simulating the detailed, short term behavior of 
hydrologic systems. The EPA Storm Water 
Management Model (Environmental Protection 
Agency 1971) is a popular example of this type of 

model. More recently, this type of model has been 
applied to natural hydrologic systems (particularly 
wetlands and open water areas) in order to 
understand the way water moves in these 
systems, and to investigate the impacts of 
proposed changes (Hopkinson and Day 1980b; 
Gael 1980; Stone and McHugh 1979; Wang in 
press). 

Two major hydrodynamic modeling studies 
have been completed in the Barataria Basin (Stone 
and McHugh 1979; Hopkinson and Day 1980b). 
Stone and McHugh were concerned with 
modeling the Barateria system to predict the 
impacts of human modifications that affect 
hydrology, and with the general question of 
assessing the usefulness of hydrodynamic 
modeling for large diverse coastal wetlands. In 
particular, they were concerned with assessing 
the impacts of oil and gas access and navigation 
canals on regional hydrology in the lower Barataria 
Basin (Figure 49). Figure 50 is a summary of the 
model results for five alternatives with increasing 
extent of canals and spoil banks. The model 
results indicated some increased flooding in the 
northern part of the basin due to surface flow 
restrictions, with slightly reduced water levels in 
the major water bodies as canal extent increases. 
In the southern part of the basin, there was 
increased water flow with the addition of more 
extensive canal systems. 

This study demonstrated the feasibility 
and importance of hydrodynamic modeling in 
wetlands. It had several important limitations that 
need to be addressed in future hydrodynamic 
modeling, however. Only tides were used as a 
forcing function on water movement (wind and rain 
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Figure 49. Grid locations for vegetative zones, water exchange lines, water level measurements, and oil 
and gas field activities. The area depicted lies between the Gul of Mexico and the freshwater wetlands 
northwest of Lake Salvador (Stone and McHugh 1979). 

were ignored), and the model was not verified 
extensively. Only three field stations were 
available for checking the model results. These 
conelated with model output with an average ~2 of 
0.67, but with only three points it is not possible to 
say anything meaningful about the accuracy of the 
model's performance. Future applications can take 
advantage of the more extensive hydrologic data 
base that has accumulated since the Stone and 
McHugh study was completed. 

Hopkinson and Day (1980b) were 
concerned with the effects of hydrodynamics on 
nutrient dynamics and eutrophication in the swamp 
forest system in the upper basin. As in the Stone 
and McHugh study, the impacts of canals and spoil 
banks on water (and thus nutrient) movement was 
an important question. Figure 51 shows the 
results of Hopkinson and Day's application of the 
EPA SWMM model to the area shown in the figure. 
Runs I and 2 were based on present hydrologic 
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Figure 51. Hydrographs at selected stream and backswamp areas. Run 1 was current hydrologic 
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Day 1980a, copyright Springer-Verlag). 



conditions with low and high initial water levels 
respectively. Run 3 is the effect of manmade levee 
removal while Run 4 is the effect of levee removal 
and redirection of overland flow directly into the 
swamp rather than through canals. Results 
predicted that removal of the levees and 
introduction of upland drainage directly into the 
swamp (run 4) would increase discharge rates from 
the upper basin to the lower estuary, increase 
productivity of the swamp, and decrease 
eutrophication. Again, il is difficult to attach a 
confidence estimate to these model predictions, 
since only 11 field measurements were available 
for comparison with the model results. These 
measurements did not compare extremely 
favorably with the model results (~2=0.37). The 
forcing functions in this application were limited to 
upland runoff and rainfall. Wind and tides were 
ignored, but they are probably negligible in the 
upper basin because of the extensive tree cover 
and the distance from the coast. These omissions 
were therefore less important than those in the 
Stone and McHugh example. 

The general lessons learned from the 
hydrodynamic modeling studies might be 
summarized as follows. 
1. Hydrology in the Barataria Basin is acritical factor 

affecting nutrient concentrations, eutrophica- 
tion, and ecosystem productivity. 

2. Hydrodynamic modeling is essential to quantify 
and predict water movement, which forms the 
basis for most other material transport in 
wetland systems. The models that have been 
implemented thus far have been useful for 
improving understanding of the fundamental 
hydrologic questions. 

3. Hydrodynamic models highlight the potential 
effects of canals and levees on water 
movement and related variables. These 
potential effects include eutrophication, 
localized flooding, and marsh and swamp 
deteroriation. 

4. The system is very complicated and there are 
few field measurements, so model testing is not 
very effective at present. 

5. More field observations are needed. 

9.3 ECOSYSTEM MODELS 

A second type of model that has been 
applied to the Barataria Basin deals with entire 
ecosystems. These models can be divided into 
ones that are mainly static budgets of materials and 

energy flows (Costanza et al. 1983) and those that 
are dynamic simulations (Hopkinson and Day 
1977; Sklar et al. 1983). 

9.3.1 -rial and Fnergy Bud- 

Material and energy budgets have long 
been important tools in ecological research 
(Lindemann 1942; Odum 1957). They are used to 
quantify the connections between -system 
components. This cataloging of interactions can 
be used to compare the system with other similarly 
cataloged systems, to highlight areas where data is 
strong and weak, and as a necessary precursor to 
dynamic simulation modeling. In this last regard, 
the dynamic modeling studies to be discussed 
later also included static budgets as data collection 
tools, but only the dynamic modeling portion of the 
studies will be discussed. 

Simple material budgets have been a part 
of many studies in the Barataria Basin. For 
example, Figure 52 is a nutrient budget for the Lac 
des Allemands swamp (Day et al. 1977). More 
elaborate budgets that combine information on 
several nutrients, biomass types, and energy-- 
called ecosystem input-output (1-0) tables -- have 
been assembled for the Lac des Allemands 
cypress swamp and for the Barataria salt marshes 
(Costanza et al. 1983). Table 33 is the salt marsh I- 
0 table. The materials and energy being 
exchanged (commodities) are listed along the left 
of the table, and the "processes" in which these 
comodities are transformed are listed along the 
top. Each intersection of a commodity row and 
process column can contain up to three entries. 
The top entry is the input of the commodity to the 
process (i.e., the input of total organic matter to 
shal ow soillsediments in Table 33 is 1,602.5 1 glm Iyr), the middle entry is the output of he d commodity from the process (i.e., 5,608.4 glm Iyr 
organic matter resuspended from shallow 
soillsediments), and the bottom entry is storage of 
the commodity in the process (i.e., 1 . 7 4 ~ 1 0 ~  
g/m2tyr of organic matter stored in shallow 
soillsediments). 

In addition to their use as data summaries 
and tools for comparing ecosystems, 1-0 tables like 
Table 33 can potentially be used to calculate 
economic values ("shadow prices") for ecological 
commodities that do not have suitable market 
prices. These values can be useful as a common 
denominator linking ecological and economic 
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Figure 52. Nutrient budget for Lac des Allemands (reprinted, with permis- 
sion, from Day et a!. 1977, copyright Academic Press). 

systems and aiding in the formulation of 
ecosystem management strategies (Costanza et 
al. 1983; Bahr et al. 1983; Costanza and Neill 
1 984). 

9.3.2 . . ion Models 

Static budgets do not address the 
complex dynamic behavior of ecosystems. To 
predict how ecosystems will respond lo stresses 
over time it is necessary to construct dynamic 
simulation models. Odum (1983) provides a 
recent summary of ecosystem simulation studies. 
Two major ecosystem simulation studies have 
been completed in the Barataria Basin. One is a 
model of the Barataria salt marshes (Hopkinson 
and Day 1977); the other is a model of a cypress 
swamp in the upper basin (Sklar et al. 1983). 

A diagram of the Hopkinson and Day 
(1977) model is shown in Figure 53, along with 
some representative results. This model was 
concerned mainly with predicting the productivity 
of aartina alterniflora as a function of variations in 
the input of sunlight, nutrients, and fresh and salt 
water, and with evaluating the relative contribu- 
tions of marsh versus aquatic phytoplankton 
productivity to supporting aquatic fauna. The 
results shown in Figure 53 indicate that the model 
did a fairly good job of replicating observed data, 
but also that the data contained considerable 

variation. The model was run alternately 
eliminating production from the marsh and the 
water column in order to test the relative 
importance of these two components as primary 
food sources. Elimination of aquatic primary 
production had a somewhat more dramatic effect 
on aquatic fauna than elimination of marsh 
production (56% reduction in mean standing crop 
vs. 36%). 

This model also served (through sensitivity 
analyses) to highlight the importance of inorganic 
nitrogen, temperature, and annual sea level 
variations on primary and secondary productivity. 
As with most modeling studies, this one raised 
more questions than it answered. In particular, 
more accurate and more frequent measurements 
of critical parameters are needed to improve the 
resolution of the model and produce more detailed 
and accurate time responses. 

The Sklar et al. (1983) simulation model of 
a cypress swamp was developed to predict the 
response of an impounded swamp habitat to 
various management options concerning the 
swamp's hydrologic regime. A diagram of the 
model and representative resuits are shown in 
Figure 54. The model consisted of 7 simultaneous 
nonlinear differential equations for state variables 
that included floating vegetation and consumers, 
benthic detritus and consumers, and aquatic 
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predators. Water level controlled export of detritus 
and was a direct function of levee height. Figure 
54 shows the field measured and simulated 
behavior of floating vegetation, floating 
consumers, aquatic predators, and benthic 
consumers. In general, the model mimics the 
measured behavior fairly well. Averaging over a 
the state variables, the model only achieved an R !! 
value of 0.5, mainly because it was slightty out of 
phase with some of the more dramatic peaks in the 
field data. 

Lowering the levee height had dramatic 
effects on the model. It increased runoff, 
decreased detrital sedimentation, increased total 
animal biomass and, most importantly, increased 
organic matter export downstream by almost 50%. 

The Sklar et al. model could be improved 
by incorporating the emergent vegetation 
component into the model, and by optimizing the 
model's parameters to achieve a better fit with the 
field data. This would allow more accurate 
predictions of future system behavior. 

Simulation studies like the two mentioned 
above can do much to aid our understanding of 
the dynamic and often counterintuitive response 
of ecological systems to human or natural 
changes. With the accounting models mentioned 
earlier as basic data, simulation models provide a 
rational method to access the potential impacts of 
alternative management strategies. They provide 
the basis for effective long term management of 
ecological resources, but must be supplemented 
with other models that specifically take a longer, 
broader view. 

9.4 LONG-TERM MANAGEMENT MODELS 

Three modeling studies are reviewed in 
this section: (1) Eckenrod et al. (1979) predicted 
the effects of urbanization on hydrologic 
conditions, fisheries, wetland area and other 
variables in the New Orleans area for 30 years into 
the future; (2) Hopkinson and Day (1980a) also 
looked at the long term effects of urban 
development on storm water and nutrient runoff, 
as a companion to their hydrodynamic model 
mentioned earlier for the upper Barataria Basin; 
and (3) Cleveland et al. (1981) simulated the long 
term effects of artificial canals on land loss in the 
lower Barataria Basin. 

A diagram of the Eckenrod et al. (1979) 
model is shown in Figure 55. The model includes 
15 state variables, 6 describing the natural sector, 
and the remainder describing the urban sector. 
The model compares the current trend, in which 
economic and population growth follow the 
present pattern for the next 30 years, to a "high 
intensity development" and a "steady state" 
condition. The summary of results shown in Figure 
55 indicate the model's predictions of much higher 
resource use and dependence on imported food 
in the high intensity case, along with larger loss of 
wetland area and decreased fisheries. These 
results are to be expected, but there is no way of 
judging the model's accuracy since no historical 
data are presented. Particularly with aggregated, 
long-term models it is important to run the models 
with historical data to determine the ability of the 
model to duplicate the past before projecting to 
the future. This modeling study could be 
improved by incorporating historical data. 

The Hopkinson and Day (1980a) model 
concentrates on the effects of land use changes 
on hydrology and nutrient runoff in the upper 
Barataria basin. Figure 56 shows the model results 
for 1995 compared with 1975 conditions for 
percent runoff as a function of rain input, infiltration 
rates, initial soil moisture, and land use 
characteristics. In general, percent runoff seems 
to increase about lo%, largely because of the 
increase in impervious area. Nutrient inputs to 
natural water bodies also increase, suggesting that 
eutrophication problems will intensify if current 
development patterns continue. As with the 
Eckenrod et al. (1979) study, this modeling study 
could benefit from the collection and incorporation 
of more historical data to test its degree of fit to the 
real system. 

Cleveland et al. (1981) constructed a 
simulation model to investigate the impacts of 
canals (mainly associated with oil and gas 
exploration) on land loss rates in the Barataria 
Basin over the next 100 years (Figure 57). The 
model incorporates the balances between the 
natural processes of sedimentation, erosion, and 
subsidence on the one hand, and the impact of 
canals, both directly and indirectly, on the other. It 
also distinguishes between streamside and inland 
marsh. Results of the model shown in Figure 57 
indicate the natural decline in wetland area in a 
senescent delta lobe like the Barataria Basin, along 
with the increased rate of decline caused by 
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Figure 56. Conceptual model relating the influence of land use characteristics on storm water and 
nutrient runoff from upland areas to the receiving wetlands (top) and tabular comparison of the effects on 
storm water runoff (bottom) with present (1975) and future (1995) land use. Solid bars (1-15) represent 
results for 1975 land use; line bars (16-30) are for 1995. The 30 bars are aggregated in 3 groups: group 
1 : bars 1-5 and 16-20; group 2: bars 6-1 0 and 21 -25; group 3: bars 11 -1 5 and 26-30. Rainfall inputs 
increased from group 1 to 3: 2.8, 5.6, and 11.2 cm/storm, respectively. There is a sequence of 5 bars in 
each group. In each group the first bar (for example, #1 and #I6 in group 1) represents conditions of 
maximum and minimum of filtration rates of 4.1 and 0.5 cm/hr, respectively. The second bar has max-mins 
of 2.0 and 0.5; the third 1.0 and 0.5; the fourth 0.5 and 0.5; and the fifth bar in each group had max-min 
rates of 4.1 and 0.13 cm/hr, respectively. The sequence from 4.1 and 0.5 to 0.5 and 0.5 cmfhr 
represents a condition of increasing initial soil moisture content -- from a dry soil to a saturated soil 
(reprinted, with permission, from Hopkinson and Day 1980b, copyright Springer-Verlag). 

artificial canals. It also shows that the re- 
introduction of riverine sediments could lead to a 
net gain in wetland area (Figure 57). 

9.5 SUMMARY AND CONCLUSIONS 

The modeling studies that have been 
completed in the Barataria Basin have helped to 
focus and synthesize our understanding of the 
hydrology and ecology of the basin, and to point 
out the long term implications of current trends. 
Models, particularly mathematical models, are 

essential in this regard. In general, the models 
could be improved by collecting enough data to 
quantify the model's goodness-of-fit. This would 
allow broader application of the model's results 
with some known degree of confidence. Only a 
few of the models reviewed quantified goodness- 
of-fit. Without this data the models cannot be 
thought of as truly quantitative. Efforts to build 
better models will continue in the Barataria Basin 
and elsewhere in south Louisiana. They can build 
on the successes of their predecessors and 
attempt to overcome the limitations of those early 
models. 
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Figure 57. Conceptual model of natural and human-induced land loss (left) and the results of the simulation 
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CHAPTER 10 

N. J. Craig and J. W. Day, Jr. 

10.1 INTRODUCTION 10.2 WETLAND LOSS 

Barataria Basin wetlands and waters serve 
as wildlife habitat, vital nursery areas for fish and Wetland loss is the result of cumulative 
shellfish, water storage reservoirs, and as a source impacts, the consequence of both natural and 
of nutrients and organic matter. These combined artificial influences. Natural losses are caused by 
factors result in enormous biological productivity. subsidence, decay of abandoned river deltas, 
The region also produces a significant portion of waves, and storms. Artificial losses result from 
the nation's petroleum supply, and is an important flood control practices, impoundment, dredging, 
navigational and commercial harbor. The natural and subsequent erosion of artificial channels. 
resources in the basin have in recent decades Wetland losses also occur from spoil disposal upon 
attracted increasing numbers of people, corn- wetlands and land reclamation projects (Craig et al. 
merce, and industry. The resulting human activity 1979). Land loss has been defined "as the 
(Table 34) has caused the degradation of the substantial tWIl0val of land from its ec0l0gi~ role 
wetland system. under natural conditions" (Craig et al. 1979). 

Impounding or filling of wetlands does not 
The wetland-estuarine system has been eliminate an area by converting it to water or land 

used as a waste repository for domestic and but is considered a loss because it removes the 
industrial discharges and agricultural drainage. wetlands' natural ecological function. 
Exploration and development of oil and gas 
reserves in the wetlands have resulted in 
extensive channelization, spoil disposal, and Losses occur in three basic ways: (1) 
serious alteration and loss of wetlands. The major wetlands become open water because of natural 
categories of environmental impact within the or artificial Processes -- loss of this type may be 
Barataria Basin are wetland loss, eutrophication, caused by erosion, subsidence, or dredging; (2) 
salt water intrusion, reduction of nursery grounds wetlands are covered by fill material and altered to 
for fisheries, and introduction of toxic substances terrestrial habitat; and (3) wetlands can be wholly or 
into wetlands. Human activity in the Barataria Basin partly isolated by spoil banks (Craig eta'. 1979). 
has had a major impact on the wetlands in the past, 
and these problems, as well as cumulative and 
synergistic environmental impacts, will intensify Wetland loss in abandoned river deltas 
over time because of population and industrial was once compensated for by land building in the 
expansion. Wetland loss rates throughout the region of the active delta. Today, because of 
United States are generally in to human i terventio there is a net wetland loss of 3 2 population density and amount of industrial 102 km (39.4 m' ) annually in coastal Louisiana 
development. This chapter will examine the major (Gagliano et 1- 1981) wi h some estimates as high 8 environmental impacts within the basin and as 155 (60 mi ) (Paul Templet* LSU 
suggest management strategies. Environmental Studies; pers. cornm.). 
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Table 34. Selected use-issue categories and human activities in coastal Louisiana (Happ et al. 
1 976). 

Use-Issue Category Activities 

Mineral and energy extraction Exploration, dredging, drilling, casting and 
cementing, treating oil field emulsions, pipe 
laying, brine disposal, drilling and mud 
disposal, facility abandonment, and oil spills. 

Navigation and transportation Canal construction and maintenance, spill 
disposal, dock construction, waterweed 
control, boat traffic, harbor-port development 
and use, airport construction and use, highway 
construction and use, and railroad construction 
and use. 

F b d  control and hunicane Levee construction (dredging, spoil disposal, 
protection and right-of-way), channel improvement 

(cutoff and improvement dredging, 
revetments, and dikes), and water control 
construction (spillways and pumping). 

Recreation and tourism Sportfishing, beach, river, and lake activities, 
camping, boating, outdoor games, hiking, 
hunting, and tourism. 

Fishing and trapping Harvesting (commercial and sportfishing), boat 
operation, and commercial processing. 

Aquaculture Levee construction, impoundments, semi- 
impoundments, and water control structures. 

Wetlands maintenance Weir construction, pesticide and herbicide 
application, mechanical tilling, marsh burning, 
pothole, plug, and ditch construction, cattle 
grazing, and impoundment construction. 

Agriculture and forestry Commercial harvesting, soil preparation, pest 
control, cultivation, imgation, fertilization, 
land use conversion for agriculture, and 
various other management practices (flood and 
saltwater intrusion control). 

Urban development Sundry economic activities. 

10.2.1 m r a l  Wetland Lo= and, after a few hundred years, abandoning it 
gradually in favor of a shorter adjacent route of 

The deltaic plain in which the Barataria steeper gradient (Morgan and Larimore 1957). 
Basin lies is an area of dynamic geomorphic When a delta lobe is abandoned, active land 
change. For the past several thousand years, the building via sedimentation ceases and net loss of 
Mississippi River has followed a pattern of land occurs due to erosion and subsidence. 
extending a delta seaward into the gulf in one area, Because of levee construction, the Mississippi 



River has been effectively "walled in," and 
presently most of the sediments and nutrients of 
the river are deposited in the deep Gulf of Mexico 
and are unable to contribute to the buildup or 
maintenence of the coastal wetlands (Craig et al. 
1979). 

The most important processes affected by 
lack of sediment input are the rates of 
sedimentation and net marsh accretion of both 
streamside and inland marshes (Cleveland et al. 
1981). DeLaune et al. (1978) found that marsh 
sites nearer natural streams were accreting at a 
higher rate than inland marsh sites (1.35 cmlyr vs. 
0.75 crnlyr), and only streamside marsh areas were 
accreting fast enough to offset the effects of 
subsidence. Similar patterns of accretion were 
noted by Baumann (1980), who observed a mean 
aggradation deficit of 0.18 crntyr for 80% of the 
marsh in Barataria Basin. He proposed that this 
mechanism was responsible for a large portion of 
the marsh currently being lost in the Barataria 
Basin. 

Barrier islands along the coast are a strong 
defense against marine processes and hurricanes. 
The tidal passes between the islands act as control 
valves for the estuaries by regulating the amount 
of high salinity water and storm energy that enter 
the estuaries (Gagliano 1973). The barrier islands 
of the Barataria Basin are currently eroding; Grand 
Isle and Grand Tene are listed as areas of "critical 
erosion" by State and Federal agencies. Limited 
coastal sand supply in Louisiana has caused one 
of the most serious barrier island problems in the 
country. Barrier island retreat rates are as high as 
50 mlyr and loss rates of 65 ha (1 60 acres)/yr have 
been reported (Mendelssohn 1982). 

10.2.2 Human-Induced Wetland Loss 

Human activities that contribute to wetland 
loss are flood control, canals, spoil banks, land 
reclamation, and highway construction. There is 
increasing evidence that canals are a leading factor 
in wetland loss (Craig et al. 1979; Cleveland et al. 
1981; Deegan et al. 1983; Scaife et al. 1983). For 
example, in the 14-year period between 1962 and 
1974, 18,138 ha of wetland in Barataria Basin were 
drained or converted to water, with agricultural 
impoundments and oil access canals accounting 
for the largest acreages (Adams et al. 1976). 

a. Canals. Artificial canals interlace the 
wetlands of the Barataria Basin. Natural channels 
are generally not deep enough for the needs of oil 
recovery, navigation, pipelines, and drainage, so a 
vast network of canals has been built to 
accommodate these needs. The construction of 
canals leads to direct loss of marsh by dredging 
and spoil depositioc and indirect loss by changing 
hydrology, sedimentation, and productivity. 
Canals lead to more rapid salinity intrusion causing 
the death of freshwater vegetation (Van Sickle et 
al. 1976). Canal spoil banks severely limit water 
exchange with wetlands, thereby decreasing 
deposition of suspended sediments. The ratio of 
canal to spoil area has been estimated to be 1 to 
2.5 (Craig et al. 1979), indicating the magnitude of 
spoil deposition as a cause of wetland loss. 

It has been estimated that between 40% 
and 90% of the total land loss in coastal Louisiana 
can be attributed to canal construction, including 
canal-spoil area and cumulative losses (Craig et ai. 
1979; Scaife et al. 1983). In the deltaic plain of 
Louisiana, canals and spoil banks are currently 8% 
of the marsh area compared to 2% in 1955; there 
was an increase of 14,552 ha of canals between 
1955 and 1978 (Scaife et al. 1983). Barataria 
Basin had a 0.93%/yr direct loss of marsh due to 
canals for the period of 1955-78 (Scaife et al. 
1983). Canals indirectly influence land loss rates 
by changing the hydrologic pattern of a marsh, 
such as blockage of sheet flow, which in turn 
lessens marsh productivity, quality, and the rate of 
accretion. Canals widen with time because of wave 
action and altered hydrologic patterns, and 
apparently the larger the canal, the faster it widens. 
Annual increases in canal width of 2% to 14% in 
Barataria Basin have been documented, indicating 
doubling rates of 5 to 60 years (Craig et al. 1979). 

Generally, where canal density is high, 
land losses are high and where land losses are low, 
canal densities are low. The direct impacts of 
canals are readily measureable. For example, from 
1955 to 1978, canal surface area accounted for 
10% of direct land loss. The indirect influence of 
canals extends far beyond this direct lass. Craig et 
al. (1979) estimated the total direct and indirect 
loss of wetland caused by canals is 3-4 times the 
initial canal area alone. Although total canal surface 
area alone may not be a dominant factor in wetland 
loss, direct and indirect impacts of canals may 
account for some 65% or more of the total 



wetlands loss between 1975 and 1978 (Scaife et (Coenan and Cortright 1979). Management 
al. 1983). decisions should be made with long-range, 

hydrological, basinwide considerations, and 
b. Cumulative im~act of canals. The should reinforce the natural function of the 

current trend of continued habitat loss will wetlands. 
inevitably lead to severe wetland degradation. 
Each permitted oil access canal or dredge and fill Canals are obviously an important agent in 
activity may seem small and unimportant on a case- wetland alteration, affecting not only marsh loss, 
by-case basis, each appearing as an insignificant but salinity intrusion and eutrophication as well. 
localized impact. However, when the cumulative Canalization should be permitted only where there 
impacts are considered, the effects are greatly is absolutely no other alternative and then with the 
magnified. The canals, when viewed on a regional mitigation clause of "no net wetland loss." There 
basinwide level, become a network ultimately are other management techniques designed to 
resulting in higher rates of wetland loss (Craig et al. reduce the direct impact of the canal if it is, indeed, 
1979), increased saltwater intrusion (Van Sickle et permitted. The least damaging construction 
al. 1976), changes in the hydrology of the wetland technology available should be employed in all 
system (Hopkinson and Day 1979; 1980a, 1980b), cases (Table 35). Several alternatives are 
a reduction in the capacity for wetlands to buffer available, including directional drilling, that would 
impacts of large additions of nutrients resulting in reduce the number of canals needed for oil and 
eutrophication (Craig and Day 1977; Hopkinson gas exploration. Hydro-air cushion vehicles would 
and Day 1979, 1980a, 1980b; Kemp and Day eliminate the need for canals entirely. Hydro-air 
1981), a loss in storm buffering capacity, and a loss cushion drilling systems are currently economically 
of important fishery nursery grounds (Turner 1977; competitive with traditional drilling rigs on barges 
Lindall et al. 1979; Wagner 1970; Chambers (Table36). 
1980). 

b. Creative use of d. Approximately 
Since canals are an important factor 80% to 90% of the dredging that takes place within 

affecting land loss, a measure of the impact of the continental United States occurs in Louisiana 
canals is potential fisheries loss. An estimated $8- (Lindall and Saloman 1977). An enormous amount 
$17 million of fisheries products and services are of spoil is generated every year, and spoil disposal 
annually lost in Louisiana because of wetland on wetlands is the general rule. It has been 
destruction (Craig et al. 1979). Commercial fish reported that for every mile of pipeline installed by 
yields have been shown to be related to the area flotation canal, 30-36 acres of marsh are altered as 
of coastal wetlands (Turner 1977, 1979, 1982). a result of spoil deposition (McGinnis et al. 1972). 
Therefore any wetland loss caused by canals is 
detrimental to fisheries. In order to reverse this trend in wetland 

alteration, spoil should be viewed as a reusable 
10.2.3 Man -nd m L m  resource rather than as waste. It is possible to use 

these sediments productively to create and aid in 
a. Canal reaulation. A management the management of habitat. A 5-year (1973-78) 

philosophy of zero-habitat loss looks beyond Dredged Material Research Program (DMRP) was 
sirnpiy minimizing the impacts of loss. Mitigation conducted by the Corps of Engineers at the 
schemes to compensate for the unavoidable Waterways Experiment Station in Vicksburg, 
adverse impacts associated with human activities Mississippi, based on this idea. Spoil can be used 
are necessary. But mitigation options which seek as a substrate for wildlife habitat (e.g., islands for 
to achieve zero-habitat loss can best be achieved nesting birds), marsh habitat, beach renewal, 
with the preservation, restoration, and creation of restoration of bare ground, construction material, 
wetlands. Any activity with adverse impacts on the and sanitary landfill. Wetland substrates which are 
wetland systems, such as canalization, should be subject to subsidence or erosion can benefit from 
permitted only if it is mitigated by creation, a deposit of dredged material to replenish what has 
restoration, or enhancement of wetland areas. been lost (National Marine Fisheries Service 1979; 
Natural biological productivity, wildlife habitats, Hunt 1979). Major experimental field tests (Table 
species diversity, water quality, and other unique 37) have tested vegetation establishment 
features of wetlands should be maintained techniques and principles for spoil use. These 
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Table 35. Recommendations to minimize the im~act of canals. 
Recommendation References 

Minimize new canal construction by required multiple use of existing Craig and Day 1 981 
canals and common use of pipeline canals. 

Restrict new canals to natural corridors, levees, or defined 
development corridors. 

No construction of canals which connect (a) fresh and saline areas, 
or (b) the edge and center of hydrologic basins. 

Gagliano 1973 

Craig and Day 1981 ; 
Gosselink et al. 1979 

No construction of blind-end canals or fingerfill developments. Craig and Day 1981 I 
Canal depths should not exceed that of the euphotic zone (1.8-2.0 m 
at mean low water) except where normal turbidity results in shallow 
euphotic zone. 

Craig and Day 1981 

Canal depths should never exceed the depth of the water body where Craig and Day 1981 
the canal terminates. 1 
Canals should be of uniform depth or become gradually shallower 
proceeding inland from acentral water body to insure adequate 
flushing. This prevents formation of stagnant pockets of water. 

Alignment of canals should take advantage of existing natural 
channels or existing artificial channels. 

Limit canals between vegetative types. 

Perform dredging operations as quickly as possible. 

Craig and Day 1 981 

Craig and Day 1981 ; 
Longley et al. 1978 

Stone and McHugh 1979 1 
Gosselink et al. 1979; 
Darnell 1977 

Dispose of soil with special care; place in nonwetland areas of use Craig and Day 1981 ; 
in marsh creation. Lindall et al. 1979 I 
Place periodic opening in existing spoil banks to prevent impediment Craig and Day 1981 ; 
of water circulation. Longley et al. 1978; 

Lindall et al. 1979 

Place water control structure on all existing waterways. St. Amant 1971,1972 

Plug pipeline canals on seaward side until construction is finished and St. Amant 1971,1972 
backfilling completed. 

Dredging and construction should be done to minimize turbidity and Gosselink et al. 1979; 
scheduted to avoid time of wildlie migrations, spawning, and nesting. Bahr and Hebrard 1976 I 
Backfill and refurbish canals. Happ et al. 1976; 

Lindall qt al. 1979 I 
Avoid constructing canals which shunt nutrients from urban areas Craig and Day 1 981 ; 
directly into water bodies. Gael and Hopkinson 1979; 

Seaton and Day 1979; 
Hopkinson and Day 1979 

Lindall et al. 1979 
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Support equipment 
Drill depth capability 

c. Barrier island stab-. Barrier island 
stabilization has been used to retard land loss of 
both islands and the wetlands they protect from 
storm wave activity. Structural and biological 
approaches have been considered. The structural 
amroach involves construction of groins and 
riprap, which may stabilize one area at the expense 
of another. Beach nourishment (pumping sand 
onto the beach from offshore) is another 
technique that has been used, especially along 
the south Atlantic coast. The biological approach 
generally involves planting grass to stabilize 
dunes. This method appears to be successful, at 
least in the short-term (Mendelssohn 1982). 

d. Controlled diversions. Flood control 
measures such as leveeing along the Mississippi 
River have interrupted the balance between 
riverine and marine processes which result in 

studies demonstrated that dredged material can sediment transport, deposition, and introduction 
be disposed of in a biologically productive manner of valuable freshwater and nutrients. These 
and that the engineering characteristics and processes, which built and stabilized the marsh 
behavior of dredged and disposed sediments can and swamp areas via overbank flooding, are now 
be predicted and determined. virtually eliminated in coastal Louisiana. 

Table 37. Characterization of habitat development field sites (from Hunt 1979). 

Type of 
Site name Location habitat development Substrate Salinity 

I Miller Sands 
Lower Columbia Marsh and upland Sand 
River, Astoria, Oregon Fresh I 

Salt Pond 3 South San Francisco Marsh Clay Saline 

I Bolivar Galveston Bay, Marsh and upland Sand Saline 
Peninsula Texas 

I Drake; Apalachicola Marsh Silt fill Saline to 
Wilson Island Bay, Florida sand dike brackish 1 
Buttermilk Atlantic Intracoastal Marsh Sand Fresh to 
Sound Waterway, Brunswick, brackish 

Georgia 

Windmill James River Marsh Silt fill and Fresh 
Point Chester, Virginia sand dike 

Nott Island Connecticut River Upland Sand and Fresh with 
Essex, Connecticut silty sand salt wedge .. 
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Schemes for controlled diversions of the 
Mississippi River have been developed as a means 
of introducing river water and sediment into 
wetlands to offset wetland loss. "Basically, this 
approach would re-establish the overbank flow 
regime of the Deltaic plain, presently disrupted by 
flood protection levees, and restore more 
favorable water quality conditions to the highly 
productive deltaic estuaries" (Gagliano et al. 1981) 
The feasibility of controlled diversion is indicated 
by the relatively small input of energy and materials 
needed to build a major subdelta (Gagliano et al. 
1971). The U.S. Army Corps of Engineers (1984) 
has suggested a number of potential sites for 
controlled diversions into the Barataria Basin (see 
Figure 58). 

A major drawback of these schemes is the 
toxic contamination (heavy metals, pesticides, 
synthetic organic chemicals) of both water and 

sediment from the Mississippi River (Friloux 1971 ; 
Brodtmann 1976; Wells 1980; U.S. Army Corps of 
Engineers 1980). Careful assessment of this 
problem should precede any actual diversion that 
does occur, and careful monitoring for toxic 
substances should be an integral part of a 
controlled diversion plan. 

e. Controlled diversion vs. reaulation of 
canals. Comparison of the effect of different 
management options and mitigation techniques 
for reducing wetland loss in Louisiana (Table 38) 
has revealed that regulatory control of new canals 
could reduce loss ate about 13-36 km?lyr, in 
contrast to 1-3 k f Iyr reduction from controlled 
diversion schemes (Day and Craig 1982). In other 
words, if canal construction continues at its 
pre ent rate the land loss rate would be 13-36 3 k Iyr greater than if no new canals were 
permitted. 

Lake Cetaouetche 

Figure 58. Location of the potential freshwater diversion sites in Barataria Basin (after U.S. Army Corps 
of Engineers 1984). 



Table 38. Effect of several different mitigation 
techniques for reducing wetland loss (modified 
from Day and Craig 1982). 

Reduction in 
wetland 
loss rate 

Activity 

10.3 MANAGING EUTROPHlCATlON 

Eutrophication is the natural or artificial 
addition of nutrients to water bodies and the 
effects of these added nutrients (Rohlich 1969). 
Eutrophication is a natural process which has been 
greatly accelerated by human activity. 

Most of the waters of the middle and upper 
basin, including Lake Cataouatche and Lac des 

Infilling of older marshes Allemands, are eutrophic. The eutrophic waters 
are characterized by frequent algal blooms, 
dominance by fish like gar and shad, and fish kills 
caused by low levels of dissolved oxygen. 
Domestic wastes are an increasing nutrient 
problem because of inadequate sewage treatment 
and population growth. Urban runoff is a 
significant pollution source from cities. Paved 
areas increase surface runoff into storm sewers 
that shunt nutrients, as well as toxic materials, into 
water bodies. Fertilizers, animal manure, and large 
quantities of nutrients from eroded sediments 
enter lakes via drainage canals. Wastes from 
industrial sites are also often sources of nutrients. 
Natural sources of nutrients are precipitation, 
excrement from waterfowl and wading birds, and 
organic mineralization (Bahr et al, 1983). The major 
sources of nutrients causing eutrophication in the 
Barataria Basin are agricultural and urban nonpoint 
source runoff (Day et al. 1977; Craig and Day 
1977; Seaton and Day 1979; Hopkinson and Day 
1980a). 

Controlled diversions of the Mississippi Wizig and Day (1983a) developed a 
River have the potential to impact areas with high Trophic State Index (TSI) to classify the water 
wetland loss rates, possibly improving fisheries, bodies in Barataria Basin using existing water 
but they require advance planning and operational quality data (see Table 4, Chapter 3). Positive TSI 
experience. On the other hand controlled scores are indicative of high nutrient enrichment 
diversions are area-specific and can only affect the and negative scores of low nutrient enrichment. 
lower Mississippi River. They also have high The water bodies range from hypereutrophic to 
engineering costs and can introduce toxic meso-oligotrophic. The current phosph rus 

wetlands. 5 3 substances from the Mississippi River into the loading rate for Lac des Allem nds is 4.3 g/ /yr; 
for Lake Salvador, 097 g/m /yr; and for Lake 
Cataouatche, 1.6 g /d /yr  (see Tables 39 and 40 

Regulatory control over canals has the for critical and permissable loading rates). The 
advantage of affecting all areas of the coastal zone most eutrophic waters are those directly affected 
and addressing the major cause of wetland loss. by upland runoff. 
The disadvantages are that the political and private 
sectors oppose such strict regulation and that we 
lack complete information on the relationship of The majority of the runoff from agricul- 
canals and wetland loss. "Any management plan tural and urban areas is channelized and flows 
that is to successfully combat coastal erosion on a directly into neighboring waterbodies, short- 
meaningful level must address canal impacts and circuiting flow through local wetlands. Under 
management" (Tumer et al. 1982). natural conditions, runoff from the natural levee 
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Table 40. Critical concentrations and critical loading rates for nitrogen and phosphorus 
calculated by different authors. 

Loadina 
Permissible Dangerous 

Reference Rate -A!&?to) jin excess of) 
N P N P 

Shannon & Brezonik Volu etric 
?I 

0.86 0.12 1.51 0.22 
(1 972) (Q'm /YO 

lbd Areal (glm21yr) 2.0 0.28 3.4 0.49 

Vollenweider (1 968) Areal (g/m2/yr) 1 .O 0.07 2.0 0.13 
for lakes c5 m. 

flows as a diffuse sheet into adjacent wetlands and 
travels slowly through these wetlands before 
discharging into waterbodies. 

A number of significant chemical, physical, 
and biological differences occur during the sheet 
flow of water through a wetland as opposed to 
channelized flow. Wetlands modify and buffer the 
effects of storms and flooding by providing storage 
for large amounts of water. This water is 
discharged as runoff from the wetland evenly and 
over a long period of time. Channelized runoff 
enters waterbodies as a pulse shortly after rainfall. 
The chemical composition of channelized flow is 
distinctly different from water flowing from the 
swamps. Upland runoff contains eroded 
sediment, fertilizer nutrients, pesticides, and other 
compounds washed from land surfaces. Wetlands 

remove suspended sediment and associated 
nutrients, such as nitrogen and phosphorus. 

Due to the extensive network of canals, 
the majority of upland runoff in the Barataria Basin 
is in channelized flow. Gael and Hopkinsan (1979) 
found a positive correlation between the trophic 
state index and drainage density of waterbodies in 
the central and upper Barataria Basin (Figure 59). 
Drainage density, the total iength of all orders of 
drainage network per unit area of drainage basin, 
reflects the degree of land development, either 
urban or agricultural. Gael and Hopkinson (1979) 
state that high drainage density moves water 
rapidly and directly from high nutrient loading 
areas, such as agricultural land, to waterbodies, 
effectively preventing overland flow through 
wetlands. In their study, a higher trophic state 



7 wastewater treatment can also lessen the impact of 
storm water (EPA 1977). 

E 6 
P 
Z S  A partial return to an overland flow regime 
W 
t- = oxis would alleviate many environmental problems, 
2 4 
V) 

especially in mid- and upper-basin areas. The plan 
would involve diverting upland runoff from 

0 3 x 
P. 

channels to overland flow by redirecting existing 

8 2 
drainage canals into wetland areas. This would be 

c inexpensive, would not affect upland drainage 
1 systems, and could be accomplished in steps. It 

would, however, require the dedication of large 
o wetland areas as "flood control areas." 

LOCAL DRAINAGE DENSITY (mllml 2, An indication that such a system can work 
in a mutually beneficial way, at least on a small 

Figure 59. Local drainage density versus trophic scale, can be found in a number of crayfish ponds 
state index in Barataria Basin (reprinted, with in the swamp habitat of Barataria Basin. These 
permission, from Gael and Hopkinson 1979, ponds are all impounded areas that are actively 
copyright LSU Division of Continuing Education). pumped to prevent stagnation. They are flooded 

from September until the end of the fishing 
season (May or June) and then pumped dry. 
During the flooding period, water is circulated 

index (greater eutrophication) resulted from an through the ponds on a regular schedule to 
increase in drainage density. maintain high oxygen levels. This seasonal pattern 

of summer drying and winter flooding closely 
Eutrophication can be reduced by limiting approximates the natural hydrological cycle of the 

nutrient supply to the water bodies. In Barataria swamp. Studies have shown that these ponds 
Basin, this would require reducing both point maintain high water quality and swamp productivity 
sources and nonpoint sources of nutrients. All (Conner et al. 1981; Kemp and Day 1981). The 
domestic and industrial effluent should receive at benefits of this system include improved water 
least secondary treatment. Management practices quality, increased swamp productivity, increased 
for agriculture that have been designed to reduce timber production, improved wildlife habitat value, 
runoff include mulching, grassed waterways, increased crayfish production, and reduced 
minimum or no-tillage, integrated pest flooding. 
management, and limited use of fertilizers. 

10.4 MANAGEMENT OPTIONS FOR 
Urban nrnoff can be controlled if the SALT WATER INTRUSION 

availability of pollutants to storm flows is reduced 
by reducing air pollution, avoiding overapplication Salt water intrusion is a major problem in the 
of fertilizers and pesticides, improving street Barataria Basin, and results in the death of wetland 
sweeping, periodically flushing collection systems, vegetation, especially freshwater types (Craig and 
separating sewers and s t o n  drains, minimking Day 1977), thereby increasing the rate of wetland 
exposed land area at construction sites, and loss (Craig et al. 1979). 
maintaining vegetative cover in erodible areas 
(EPA 1977). Salt water intrusion occurs naturally in 

coastal basins during the abandonment stage of 
Other means of controlling urban runoff the deltaic cycle. However, in the Barataria Basin, 

directly alter the storm water path, flow rates, or human activity has accelerated the rate of salt water 
loadings. Temporarily storing storm water in intrusion. The most important causal factor in this 
storage basins or ponds, and using porous increased rate is the construction of canals, which 
pavement can help decrease the amount of runoff facilitate enhanced water exchange between fresh 
entering a water body per storm. Treating of urban and salt water areas. Major navigation canals which 
runoff with standard sanitary and industrial go from the coast to fresh inland areas are the 
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principal contributors, but any canal which makes a 
new hydrologic connection adds to the problem. 
Some examples of these kinds of canals follow 
(Figure 60): 

1. Barataria Basin Waterway (BBW). This important 
navigation canal directly connects the Gulf of 
Mexico with the Gulf lntracoastal Waterway 
(GIWW). It bypasses practically all natural water 
connections. There are reports that the BBW 
has significantly altered water flow in the basin 
(Seaton 1979; Hopkinson and Day 1979). 

2. Turtle Island Cutoff. This canal created a more 
direct connection between Bayou Rigolette 
and Little Lake, allowing more direct 
movement of water. 

3. Bayou Signette Waterway. This canal makes a 
direct connection between Bayou Barataria 
and Lake Cataouatche, bypassing Lake 
Salvador. 

4. In the southwestern part of the basin, a series of 
petroleum and navigation canals have resulted 
in a new connection between western 
Caminada Bay and Little Lake. The Bayou 
L'Ourse ridge, which once completely 
prevented such exchange, has been 
breached. 

These impacts have been demonstrated 
in the Barataria Basin (Van Sickle et al. 1976; Craig 
and Day 1977; Hopkinson and Day 1979). Van 
Sickle et al. (1976) reported an average rate of 
salinity increase of 0.009 ppttmo (1947-75) at St. 
Mary's point. Little Lake, for example, a fresh 
waterbody early in this century, today has a mean 
salinity of about 8 ppt. This change has brought 
about an inland shift of brackish and saline 
marshes (O'Neil 1949; Chabreck 1972; Chabreck 
and Linscombe 1978) and is coincident with an 
increase in wetland loss and shrinkage of viable 
nursery grounds (Craig et al. 1979). 

Because of the detrimental effects of salt 
water intrusion, a number of management options 
have been suggested or implemented: 

Pre-Waterway Construction 

Minsiaalppl 

Impoundment or semi-impoundment. A 
number of landowners and management 
agencies have argued for or implemented this 
strategy to combat salt water intrusion. Low 
levees are constructed in marshes close to the 
waters edge to limit water exchange. Some 
have suggested that dredged spoil material be 
used for this purpose. The purpose of this 

Present 

Figure 60. Past and present patterns of water movement in the central Barataria Basin (reprinted, with 
permission, from Hopkinson and Day 1979, copyright Plenum Press). 
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approach normally is to limit the flows of saline 
waters over lower salinity marshes. 

This approach seems to be beneficial in 
the short-term although quantitative studies 
are needed to verify this. However, this 
strategy may lead to lower marsh productivity 
and to more rapid deterioration and loss of 
wetlands in the longer term. During periods of 
strong winds, bottom sediments are mixed into 
the water column. If this water then floods over 
the marsh, the majority of the suspended 
sediments are redeposited on the marsh 
surface (Baumann 1980). DeLaune and 
Patrick (1980) showed that the nutrients 
associated with the sediment deposition are 
the single largest source of "new" nutrients to 
the salt marsh and to a large degree are 
responsible for high marsh productivity. 

These sediments are also extremely 
important in building up the marsh surface and 
thus balancing the effects of regional 
subsidence. Several studies in the Barataria 
Basin have shown that sedimentation on the 
streamside marsh is sufficient to maintain 
marsh elevation against subsidence. 
Sedimentation on inland marshes is not 
sufficient, and many inland marshes are slowly 
turning into open water (DeLaune et al. 1978; 
Baumann 1980; Hatton et al. 1983). 

A number of studies have also shown that 
hurricanes impact semi-impounded marshes to 
a much greater degree than natural marshes 
because saline water drains much more slowly 
after passage of a hurricane (Ensminger and 
Nichols 1957; Shiflet 1963; Alexander 1967). 
The above studies indicate that the practice of 
combating salt water intrusion by limiting marsh 
flooding may have negative impacts. It could 
result in lower marsh productivity, higher 
deterioration and land loss, and greater 
susceptibility to hurricanes. There are 
presently a number of ongoing investigations 
which may help in addressing some of these 
questions. 

Increased freshwater input. Because of the 
levees along the Mississippi River, much less 
freshwater enters the Barataria Basin than in 
the past. One way to combat salt water 
intrusion is to divert more freshwater into the 
basins. The U.S. Corps of Engineers (1984) 
has identified a number of sites for possible 
freshwater diversion into the Barataria Basin 
(Figure 58). Davis Pond, northwest of Lake 

Cataouatche, has been selected for intensive 
study and active consideration. 

3. Restoration of natural hydrology. Since it has 
been demonstrated that canals have 
increased the rate of salt water intrusion, a 
restoration of as much natural hydrology as 
possible would help alleviate the problem. A 
number of approaches could be used here. 
Some canals could be permanently closed, 
and the cross-sectional area of other canals 
could be lessened structurally. Locks should 
be considered for major navigation channels. 
Before any action is taken, information is 
needed on the hydrodynamics and use of 
different canals and on the economic costs- 
benefits of various alternatives. 

10.5 LOSS OF NURSERY GROUNDS 

Wetlards are noted as important nursery 
grounds for commercial and sport fishery species. 
When swamps are located near coastal areas, 
marine species use these wetlands for nursery 
areas. Chambers (1980) found blue crabs, gulf 
menhaden, Atlantic croaker, and bay anchovy 
juveniles in the swamps of the Barataria Basin 
during winter and spring months. Estuarine fish 
species use the saline, brackish, and fresh 
marshes of the basin for their larval and juvenile 
growth (Wagner 1973; Kirby and Gosselink 1976; 
Simoneaux 1979; Smith 1979; Turner 1979). The 
distribution of many nursery ground species is 
influenced by their minimum salinity tolerance 
which often decreases as the fish grows. The 
overlap of the different nursery grounds of various 
species defines a general range of the nursery 
zone of the Barataria Basin--a broad zone from 
Barataria Bay to the swamp forest above Lake 
Salvador, which includes the most important 
nurseries. 

10.5.1 Nurserv Grounds: Past. PresenL 
aadFuture 

The coupling of salinity intrusion (increased 
range of oyster conch) and eutrophication 
(lowered water quality) within the basin has 
effectively reduced the region of healthy nursery 
grounds for oysters. Craig and Day (1977) 
estimated the extent of the past, present, and 
future nursery zone in the Barataria Basin. The 
data on past, present, and estimated future 
phosphorus loading rates and salinity levels which 
delineate the boundary of the nursery zone are 



summarized in Figure 61 (Craig and Day 1977). 
For the years 1898-1910, there were no eutrophic 
conditions within the basin, and high salinity was 
limited to southern Barataria Bay (Figure 61). This 
past situation is indicative of a healthy nursery 
zone. 

In the late 60's and early 70's eutro- 
phication began to affect the upper nursery zone. 
Although no strict upper limit of the nursery zone 
can be delineated, Jaworski's citing of the decline 
of annual crab landings in Lake Salvador due to 
eutrophication corroborates the decline of the 
nursery zone shown in Figure 61 (Craig and Day 
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Figure 61. Estimated phosphorus loading rate 
and salinity levels at various locations in Barataria 
Basin through time. Conch range illustrates the 
southern limit of oyster production (Craig and Day 
1977). 

1977). By the year 2000, i f  present trends 
continue, water quality will deteriorate over a large 
area of the estuarine nursery in the Barataria Basin 
(Figure 61). 

The projection of eutrophication increases 
into the future (for the year 2000) shows the 
extreme importance of proper planning for any 
future development. Development in the mid- 
basin could greatly increase eutrophication in Lake 
Salvador, further stressing nursery grounds there. 
Lake Salvador may be capable of absorbing the 
increased phosphorus loading associated with 
development, but the upper limit of phosphorus 
retention is not known. Below Lake Salvador, a 
bottleneck exists in Bayous Perot and Rigolettes. 

Saltwater intrusion has resulted in an 
expansion of oyster leases in Little Lake. 
Accompanying the saltwater intrusion are conchs 
(oyster drills) and other predators that limit the 
oysters' gulfward range of production. Devel- 
opment of the buffer zone of Lake Salvador will 
create eutrophic conditions in Little Lake and 
cause the area of healthy oyster grounds to be 
degraded or destroyed. This eutrophic situation 
coupled with rising salinity could sharply limit the 
entire nursery zone, seriously affecting commercial 
fisheries for other species such as crabs, shrimp, 
and fish (Craig and Day 197?'). 

Management issues discussed for the 
reduction of eutrophication and salinity intrusion 
within the basin are relevant to the protection of 
the present nursery grounds. The management 
techniques described for wetland loss, such as 
controlled diversion schemes and reduction of 
canals, would additionally enhance the nursery 
zone. The State of Louisiana has a task force of 
representatives from the oyster industry, the 
Louisiana Department of Wildlife and Fisheries, 
and the Health Department, that is developing a 
management strategy to address the issue of 
urban pollution inputs. A model will be used to 
predict the fate of upland runoff. 

10.6 TOXIC SUBSTANCES 

The introduction of toxic materials 
(pesticides, herbicides, heavy metals, and 
polychlorinated biphenyls (PCB's), among others) 



into wetland areas has become an increasingly 1980). Pesticide residues in Barataria Basin have 
serious problem nationwide. In Barataria Basin, the had an effect on aquatic organisms and bird 
possibility of the introduction of toxic pollution into populations. The brown pelican (Pelicanus 
wetlands is great because of its proximity to one of population in Louisiana was reduced 
the largest concentrations of petrochemical from an estimated range of 35,000-82,000 birds in 
industries in the world (between Baton Rouge and 1933 to near extinction in the early 1960's primarily 
New Orleans), large urban centers, and agricultural as a result of decreased reproductive capabilities 
areas. caused by pesticide residues (DDE, dieldrin, and 

endrin) in adult birds' eggs (B~us et al. 1979). 
Barataria Basin wetlands have potential About 800 birds were reintroduced into the 

toxic input from industrial plants, domestic waste, Barataria Basin from 1968 to 1976. Another die-off 
hazardous waste sites and illegal dumping occured in 1975, coinciding with unusually high 
grounds, pesticides from agricultural runoff, endrin residues in the Barataria Bay that spring. 
pesticides and heavy metals from urban runoff, High endrin residues were found in the pelican 
petroleum hydrocarbons from oil exploration and eggs (Blus et al. 1979). Beyond these dramatic 
production, and the spraying of herbicides for examples of pesticide related deaths, few data are 
aquatic weed control. available on the impact of chronic toxic input on the 

biota. 
The petrochemical industries in Barataria . . .  Basin produce a variety of products such as vinyl 10.6.1 Carcin-aries 

chloride, nitric acid, hydrochloric acid, methylethyl 
ketone, styrene, sulfuric acid, acrylonitrile, Toxic pollution results in the deteriorating 
benzene, and a variety of herbicides and quality of the ecosystem of which human health is 
pesticides (Mumphrey et at. 1978). Most a part. Certain types of cancer have a higher 
manufactured products have waste material as a by- incidence in southern Louisiana when compared 
product. In the past, chemical wastes were often to the national average. Higher rates of cancer 
disposed of in the cheapest manner possible, mortality have been statistically linked to drinking 
without regard for the environment. In many water from the Mississippi River, with its variety of 
cases, the wastes have leaked out into chemical carcinogens, and to residents in 
surrounding areas (Dow and Garcia 1980). counties where petroleum industry is most heavily 

concentrated. (Hoover et al. 1975; Page et al. 
Although data on toxic materials in the 1976; Blot et al. 1977). There is also a correlation 

Barataria Basin is scant, that which exists points to between respiratory cancer and wetlands 
problems possibly caused by hazardous waste residency in Louisiana (Voors et al. 1978). 
dumping. For sxample, in a recent study done by 
the EPA, Barataria Bay was characterized as having Stitch et al. (1976) reported that "there is 
chronic contamination by PCBs. The source of compelling evidence that points to cancer as an 
the contamination was unknown (Cumiford 1977). ecological disease. A comparison of high with low 

incidences of tumors in different geographic 
Excessive pesticide concentrations which regions, along with the changes in tumor 

violate the €PA criteria for aquatic life and the frequency among immigrant groups and the 
Corps of Engineers no-discharge criteria have clustering of many human tumors in industrialized 
been recorded in Little Lake, Barataria Bay, the regions in the U.S.A. suggest a strong 
Gulf lntracoastal Waterway below Algiers, Bayou environmental influence in cancer induction, 
Lafourche, Lakes Cataouatche and Salvador, and promotion, or both. Thus, it seems reasonable to 
Lac des Ahmands. Bayou Lafourche had apply ecological methodology to uncover the 
pesticide violations for aldrin, parathion, 2,4-D, environmental component in cancer formation. 
silvex, and lindane. These pesticides are used in The ecological approach may have the further 
the production of agricultural products and aquatic advantage of being highly relevant to man, since it 
weed control- The improper disposal of unused is economical and manageable with the presently 
pesticides and pesticide containers, agricultural available manpower." 
wnoff, and direct entry via application are probable 
routes for these pesticides into the receiving A system for carcinogenic monitoring in 
~a teMd ies  (U-S- Army Corps of Engineers estuaries using biological and chemical indicators 



has recently been developed. A number of 
microbial organisms, plants, and animals have 
been suggested as "built in" indicators of water 
quality. An ideal organism should detect the 
appearance of a specific group of chemical 
compounds (i.e., by appearance of tumors), have a 
fairly uniform distribution over a wide area, survive 
in contaminated waters, stay within a restricted 
territory, and be easy to collect in large quantities. 
A bottom-dwelling flatfish species whose skin 
tumors are readily diagnosed and counted is a 
good test organism candidate (Stitch et al. 1976). 

The complimentary chemical indicator 
system uses chemical techniques to directly 
estimate the amounts of known carcinogens in 
environmental samples. The chemicals chosen 
should be representative of a larger group of 
carcinogenic compounds, detectable in small 
amounts at a reasonable cost, in samples of a size 
suitable for collection, and reasonably stable in the 
environment so that transient discharges can be 
detected. Promising candidates for the 
establishment of a "carcinogenic index" are 
polycylic aromatic hydrocarbons (PAH). These 
should be looked for in the water column, bottom 
sediments, and in marine organisms such as 
shellfish, which act as bioaccumulators (Stitch et al. 
1976). 

10.6.2 Toxic Substances 

Several options for controlling toxic 
substances exist and should be employed: 

1. Eliminate toxic input in excess of Federal EPA 
standards from point sources, such as 
industrial plants. 

2. Avoid dumping toxic sediments any place 
where materials may contaminate wetlands 
through erosion or leaching (Darnell 1977). 
The U. S. Fish and Wildlife Service supports 
regulations which would require that oil wastes 
be containerized and removed from wetland 
areas. 

3. During oil and gas exploration and production, 
knowledge and implementation of an efficient 
contingency plan for oil spills is imperative. 
Primary actions should be taken to confine 
materials to the smallest possible area. All 
dispersants, emulsifiers and other chemical 
agents to control the spill should be approved 
before use. If damage is done to shellfish 

beds, restocking of organisms should be 
required to accelerate reestablishment 
(Longley et al. 1978). 

4. Biological and mechanical control of water 
hyacinth should be used instead of chemical 
spraying of 2,4-D in light of recent health 
hazards connected with 2,4-D exposure. 

5. The use of vascular aquatic plants such as the 
water hyacinth (- crassiDes) in 
controlled biological systems should be 
encouraged as they represent a very efficient 
and inexpensive filtration and disposal system 
for toxic materials released into waters near 
urban/industrial areas (Wolverton et al. 1975). 

6. Best agricultural practices applicable to pesticide 
usage are those which employ proper 
pesticide selection, proper pesticide 
application rates, optimal pesticide placement 
and time, proper disposal of pesticide 
containers and unused pesticides, use of 
nonchemical methods, integrated pest 
management, legal controls, and reduced 
sediment loss. 

7. Hazardous waste sites should not be situated in 
wetland areas. Management options of 
hazardous chemicals include the use of the 
waste for energy generation or resource 
recovery, chemical fixation of solid wastes 
through stabilization or solidification, and 
disposal of liquid and solid wastes by 
incineration (Darnell 1977; Dow and Garcia 
1980) or some other accepted technique. 

8. Brine disposal should not be allowed in wetland- 
estuarine areas. Disposal should take place 
offshore under controlled conditions where 
brine does not break the surface of the water 
or completely cover the water column, thus 
acting as a barrier. 

9. Urban runoff should be controlled by a 
preventative approach, addressing the 
sources and causes of pollution. This includes 
all pre-storm actions directed toward reducing 
availability of pollutants to storm flows, such as 
reducing air pollution, avoiding over- 
application of fertilizers and pesticides, 
improving street sweeping, periodically 
flushing collection systems, sewer separation, 
minimizing exposed land surface during 
construction, and maintaining good vegetative 
cover in erodable areas (EPA 1977). Other 
means of controlling urban runoff are those 
which directly influence the stormwater path, 
flow rates, or loadings. Such techniques as 
temporary storage of stormwater on rooftops, 



parking area storage, in-line storage bins or developments, the natural drainage system 
parrds, and use of porous pavement can should be used in its existing undeveloped, 
decnaser the amount of water entering a grass-covered state in order to slow and 
waterbody from each storm. In new reduce runoff by infiltration. 



CHAPTER 11 

SYNTHESIS 

J. W. Day, Jr., C. S. Hopkinson, W. H. Conner, and J. G. Gosselink 

In this final chapter we want to summarize 
and synthesize the information presented about 
the Barataria Basin in the context of some of the 
important issues in estuarine and wetland ecology 
today. Specifically, we will address questions 
concerning (1) factors affecting aquatic primary 
productivity, (2) the role of hydrology in the 
ecosystem, (3) the importance of wetlands in the 
organic carbon budget of the estuary, and (4) the 
role of wetlands and estuaries in fisheries 
production. 

11.1 FACTORS AFFECTING AQUATIC 
PRIMARY PRODUCTIVITY 

Aquatic primary productivity was discussed 
in Chapter 4. We showed that waterbodies in the 
upper basin are characterized by high productivity, 
pronounced seasonality, and net heterotrophy. 
More saline waters have lower net production, lack 
consistant seasonality, and tend to be slightly 
autotrophic. The factors controlling productivity 
change from the upper basin to the gulf. In the 

upper basin, nutrient loading from upland runoff 
seems to be important in controlling both seasonal 
patterns and the magnitude of production. In the 
lower basin the water clarity and depth are 
important. Offshore, Mississippi River flow is the 
dominant factor controlling productivity. 

Lac des Allemands, a fresh, turbid lake in 
the upper basin (Table 41) that is influenced by 
adjacent wetlands and upland drainage, is highly 
eutrophic and has a pronounced seasonal pattern 
of productivity (Figure 22, Table 5). Productivity 
patterns in the three lakes of the central basin 
partially reflect the degree to which upland runoff 
affects the lakes (Figure 23, Table 5) with 
production being highest in Lake Catouatche, 
which receives high nutrient loading from upland 
runoff (Hopkinson and Day 1979). Mean annu I J chlorophyll a in the the lake is about 50 mglm . 
Production is higher in L i le  Lake, probably 
because of production by benthic algae 
(Hopkinson and Day 1979). All three lakes are 
heterotrophic. Lake Cataouatche with high 

Table 41. Physical characteristics of waterbodies in the Barataria Basin (from Day et a!. 1982). 

Salinity Secchi Tidal Upland to 
Turnovers Depth range depth range wetland + 

Ecological zone Example per year (m) (ppt) (cm) (cm) water ratio 

Upper basin Lac des Allemands 4.6 2.0 0 33 3.2 1 :2.3 
Middle basin Lake Cataouatche 1.5 2.0 0-3 30 NA 1 :6.7 

Lake Salvador 1.0 2.5 0-6 72 8.5 
Lower basin L i l e  Lake NA 1.5 0-15 72 12 1 33.3 

Lower Barataria Bay 14.6 2.0 10-35 68 30 



nutrient inputs and turbidity has a similar seasonal 
pattern of productivity to Lac des Allemands. Lake 
Salvador also shows distinct seasonality, but to a 
lesser extent. There is no consistent seasonal 
pattern in Little Lake, primarily as a result of 
significant benthic production during times of high 
water clarity. 

Aquatic production in the saline waters of 
lower Barataria Basin is somewhat higher than in 
Little Lake (Table 5 ) ,  but is similar in its lack of a 
distinct seasonal pattern (Day el al. 1973). The 
results from both Little Lake and Airplane Lake 
indicate that benthic algal production is significant. 

In the nearshore zone of the Gulf of 
Mexico adjacent to the basin, primary productivity, 
chlorophyll a concentrations, and assimilation 
numbers all peaked in spring, when Mississippi 
River flow reached a maximum, and were 
correlated with river flow (Sklar and Turner 1981). 
Thus, there is a clear influence of the river; 
however, the impacts of estuarine outwelling on 
the nearshore phytoplankton are not clear. Sklar 
and Turner (1981) found that during the winter 
months, when northerly winds decrease the water 
levels in the basin, there was evidence that the 
Barataria marshes exported nutrients, and this 
increased the primary production of the coastal 
waters. 

We believe that in the absence of direct 
upland runoff, basin water bodies would have two 
patterns of productivity, depending on whether 
light reached the bottom. Shallow lakes 
throughout the basin would have seasonal 
patterns similar to those observed in Little Lake 

and Airplane Lake, while deeper lakes would be 
similar to Lake Salvador. 

Nutrients did not seem to be limiting in 
freshwater. In more saline waters there is a 
summer inorganic nitrogen minimum with nutrient 
limitation. As to which nutrient has the potential to 
be limiting, N:P ratios are almost always less than 
10:l and often less than 5:1 (Witzig and Day 
1983a). Since this is less than the Redfield ratio of 
16:1, it suggests that nitrogen is potentially limiting 
in both fresh and saline waters of the basin. 

In an effort to estimate the importance of 
new nutrient inputs, Day et al. (1982) calculated 
the amounts of both new and remineralized 
nutrients for each of the major water bodies in the 
basin (Table 42). In all cases, estimates of 
remineralized nitrogen were greater than for new 
nitrogen. The new inputs were from 26% to 42% 
of the net demand by phytoplankton. The data 
also suggest that higher new inputs stimulate 
remineralization. This is to be expected, since not 
only will new nutrients stimulate in situ production, 
but runoff high in nitrogen is also high in organic 
matter, which leads to increased metabolism and 
mineralization. These results suggest that 
remineralization is the most important immediate 
source of nutrients. However, allochthonous 
sources are important because they can play an 
important role in determining local metabolism and 
mineralization rates. These estimates were all 
calculated indirectly, and thus must be considered 
tentative. The only validation Day et al. were able 
to make is that estimated benthic respiration 
agreed closely with direct measurements from 
lower Barataria Bay (Hopkinson et al. 1978). 

Table 42. Estimates of new and remineralized nitr gen as compared to nitrogen demand by 4 phytoplankton in the Barataria Basin (all values in g N/ /yr) (modified from Day et al. 1982). 

Net demand by Remineralized N 
Location phytoplankton Benthic Water column New N 

Lac des Allemands 77 17 28 32 
Lake Cataouatche 47 16 20 1 1  
Lake Salvador 22 2 16 4 
Barataria Bay 5 1 12 31 8 



11.2 THE ROLE OF HYDROLOGY IN 
THE ECODYMAMICS OF THE 
BARATARIA BASIN 

Hydrology is a critical process in estuarine 
and wetland ecosystems. In this section we want 2.0 

to briefly review evidence from the Barataria Basin 
on the role of hydrology. A 

E 
Y 

One of the most striking aspects about salt 
marshes is the higher productivity of grasses near 
the water's edge versus inland sites. This has 
been demonstrated for the lower Barataria Bay salt 
marshes by Kirby and Gosselink (1976). This 
difference in productivity is related to the degree 
of waterlogging of soil and nutrient supply (Howes 
et al. 1981). In inland marshes, drainage is poor 
and soils are almost always anaerobic. 
Mendelssohn et al. (1981) demonstrated that 
S~artina gltemiflora actually shifts to anaerobic 
metabolism. Prolonged waterlogging may also be 
partially responsible for areas of Soartina "die backn 
(Smith 1970). 

Because of the low range of water level 
variation in the Barataria Basin, wetland plants exist 
within a relatively small elevational range (Sasser 
1977; Baumann 1980) (Figure 62). The 
combination of high subsidence rates and lack of 
riverine sediment is causing the loss of large areas 
of marshes (Baumann 1980: Baumann et al. 
1984). Conne; and Day (1976) showed that slight 
elevational differences of about 15 cm determined 
whether cypress-tupelo or bottomland hardwood 
species grow in the forested wetlands of the upper 
basin. 

Human activities have greatly altered the 
hydrology of the Barataria Basin, both by altering 
the pathways of water movement and by changing 
the rate of water exchange in aquatic and wetland 
areas. These changes can best be understood by 
a comparison with the natural hydrologic regime of 
the basin. As discussed in Chapter 2, tidally 
introduced saline waters from the Gutf of Mexico 
once slowly moved upbasin and mixed with fresh 
water from precipitation and the river. The flow 
moved through shallow sinuous bayous such as 
Grand Bayou, Bayou St. Denis, and Bayou des 
Allemands as well as overland through wetlands. 
Water running off the natural levees flowed slowly 
through wetlands before reaching bayous, lakes, 
and bays located along the central axis of the 
basin. Overall, net water movement was gulfward, 
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Figure 62. Elevation range of SjzxliM 
gltemiflora along Atlantic and gulf coasts versus 
tidal range (Baumann 1980). 

but there was much sloshing back and forth of the 
water masses. 

Human activities have short-circuited many 
of these water flows. A large part of the natural 
levee runoff bypasses wetlands and is now 
shunted through a series of canals directly into 
basin waterways. For example, the St. James canai 
carries water which once flowed through swamp 
forests of the upper basin directly into Bayou 
Chevreuil and then into Lac des Allemands. 
Likewise, the Bayou Segnette Wateway shunts 
runoff from urbanized areas near New Orleans 
directly into Lake Cataouatche. A major impact of 
these changes is that sediment and nutrient-laden 
water enter watehdies, leading to nutrient 
loading and extreme eutrophication (Butler 1975; 
Hopkinson and Day 1977; Day et al. 1977, 1982; 
Wii ig  and Day 1983b). 



Dredged canals have also led to more 
direct water exchange between the upper and 
lower basin. A comparison of primitive and present 
water movement patterns illustrates this point 
(Figure 59). Under natural conditions, to get to the 
gulf, water from Lake Cataouatche flowed into 
Lake Salvador, through Bayous Barataria, 
Rigolettes, and Perot to Little Lake, then through 
Grand Bayou and Bayou St. Denis to Barataria Bay. 
Now upland runoff entering Lake Cataouatche can 
flow much more directly to Barataria Bay via the 
Bayou Segnette and Barataria Bay Waterways. 
Another impact of these new connections is that 
salt water intrusion has become much more of a 
problem (Van Sickle et al. 1976). 

While water interchange among water 
bodies in the basin has increased with the 
changes described above, the rate of water 
exchange in wetlands has decreased. 
Accompanying the dredging of numerous canals 
for such purposes as drainage, navigation, and 
pipeline and rig access there has been the 
deposition of spoil banks, which limit water 
exchange (Swenson 1982). Often spoil banks 
dredged for different purposes link up to form 
impounded and semi-impounded areas. One well 
studied example discussed in several chapters is 
the area of impounded swamp forest west of des 
Allemands (Sklar and Conner 1979, 1983; Bowers 
1981 ; Conner et al. 1981 ; Sklar 1983). This area 
was unintentionally impounded in 1955 when spoil 
banks from the dredging of Bayou Chevreuil, the 
embankment for State Highway 20, and an oil 
access road, linked with a low ridge to form a 
permanently flooded area of swamp. Impounding 
has caused a number of significant changes. The 
area has opened up significantly, with many adult 
trees dying. Few new seedlings have become 
established, and the overall primary productivity is 
lower (Conner et al. 1981). As the forest opened 
up, dense mats of floating vegetation (duckweed 
and water hyacinth) became much more common. 
Sklar (1983) found that while the majority of 
benthic organisms lived in the bottom sediments in 
natural swamps, they were found primarily in the 
floating vegetation in the impoundment. This was 
primarily because of the reduced conditions in the 
sediments. Organic export was less from the 
impounded swamp (Sklar et al. 1984). 

Another factor which seems to be related 
to the construction of canals and spoil banks is the 
rate of land loss. Craig et al. (1979) and Scaife et 

al. (1983) both showed that canal density was 
positively correlated with land loss in coastal 
Louisiana. Blackmon (1979) found the same 
relationships for marshes in the Barataria Basin. 
These findings are related to a number of factors 
including lowered sedimentation rates and 
waterlogging of soils. New sediments are 
important both to offset subsidence (Baumann et 
al. 1984) and as an important source of nutrients 
(Day et al. 1982; DeLaune and Patrick 1980). 

11.3 WETLANDS AND THE ESTUARINE 
CARBON BUDGET 

Because of the great expanse of 
periodically flooded marshes and swamps in the 
Mississippi River Deltaic Plain, one might expect 
these wetlands to play a major role in controlling or 
augmenting the productivity of adjacent freshwater 
and estuarine ecosystems. Day et al. (1982) 
constructed an annual organic carbon budget for 
Barataria Basin from a combination of direct and 
indirect measurements of carbon fluxes (Table 43). 

The Barataria Basin carbon budget 
indicates that all aquatic habitats are strongly 
dependent on imported organic matter, and that 
upstream habitats are significant sources of 
organic matter for downstream habitats. The 
portion of wetland primary production exported to 
adjacent water bodies is lowest in the swamp (2%) 
and greatest in the salt marsh (30%). Research in 
both the Barataria Basin and in Lake Pontchartrain 
show that bayous, canals, and lake edges that are 
contiguous with wetlands have higher levels of 
nutrients and organic matter than open water areas 
(Cramer 1978; Seaton 1979; Witzig and Day 
1983b). In & production and carbon inputs from 
other habitats exceed carbon outputs from 
respiration and sedimentation in all aquatic 
habitats. Upstream production provides from 9% 
to 30% of total carbon inputs to the different water 
bodies. 

The mass balance technique used to 
calculate the carbon budget depends to some 
extent on fluxes calculated by difference, so the 
resulting budget cannot be validated. 
Considerable data, however, exist to show (1) 
that carbon in significant quantities is exported 
from the estuaries into the gulf; (2) that carbon is 
exported from wetlands to adjacent water bodies; 
and (3) that downstream export of carbon affects 



Table 43. Annual organic carbon budget for Barataria Basin (all carbon fbws in g Clyr x loq2) 
from Day et al. 1982. 

Area Total net 
Habiat (m2x 108) production Export Respiration Sedimentation 

Des Allemands swamp 10.30 69.94 1.75 
Des Allemands aquatic 0.65 3.15 0.65 4.04 0.21 

Lake Cataouatche 
wetlands 2.20 19.75 1.58 

Lake Cataouatche 
aquatic 0.37 1.10 1.04 1.52 

Fresh wetlands 4.20 37.72 3.01 
Fresh aquatic 1.90 2.59 2.21 3.91 

Brackish wetlands 5.50 1 15.22 14.97 
Brackish aquatic 4.83 10.49 10.41 1 2.43 

Saline wetlands 6.34 67.52 20.26 
Saline aquatic 8.21 26.23 12.38 25.55 

Nearshore Gulf 
of Mexico 15.00 39.90 

primary productivity of aquatic habitats. Direct 
measurements of organic carbon export have 
been collected from Lac des Allemands to Lake 
Salvador (Day et al. 1977) and from Barataria Bay to 
the Gulf of Mexico (Happ et al. 1977). 

11.4 THE ROLE OF THE MARSH- 
ESTUARY IN FISHERIES 
PRODUCTION 

Louisiana has the greatest area of coastal 
wetlands (Turner and Gosselink 1975) and the 
largest commercial fishery in the United States 
(see U.S. Fishery statistics). It is commonly held 
that the coastal wetlands play an important role in 
supporting the fisheries (Lindall and Saloman 
1977). We believe that there is strong evidence 
which shows coupling between fisheries and the 
marsh estuarine system, and in this section we 
review several lines of evidence from the Barataria 
Basin. 

There have been over 20 studies of 
nekton community composition, biomass 
distribution, and migratory patterns in the basin. 

Bay anchovy, croaker, sea catfish, striped mullet, 
spot, menhaden, silverside, and shrimp comprise 
80% to 95% of the total numbers and biomass 
(Gunter 1936, 1938a, 1938b; Perret et al. 1971; 
Wagner 1973; Sabins and Truesdale 1974; 
Chambers 1980). 

The bay anchovy is an estuarine resident 
that normally completes its entire life cycle within 
the estuary. Other species spawn offshore and 
use the estuary as a nursery and feeding ground. 
Studies indicate that there are fairly specific, 
repeating patterns in the way nekton species use 
the Barataria Basin. For example, Sabins and 
Truesdale (1974) identified over 80 species of 
juvenile fishes that migrated through Caminada 
Pass. They identified a "warm water fauna" 
composed mainly of the young of inshore 
spawners and a "cold water fauna" composed 
predominantly of the young of offshore spawners. 
Wagner (1973) classified the majority of fishes in a 
number of marsh and estuarine habitats in the 
Caminada Bay area as seasonal migrants using the 
estuary for spawning, feeding, or as a nursery. 



Chambers (1980) presented a diagram of 
the pattern of use of the basin by four different 
nekton groups (Figure 63): (1) euryhaline larvae, 
postlarvae, and juveniles of marine nekton, which 
spawn offshore, migrate far up the basin in the late 
winter and spring, and then gradually move 
downbay as they grow, eventually emigrating to 
the gulf in later summer and fall; (2) juvenile and 
adult freshwater species, which move southward in 
the fall into oligohaline areas as they become 
fresher and replace the emigrating marine species, 
returning to fresh areas in the late winter; (3) 
mesohaline juveniles of certain marine species 
which move out to the midgulf in the late fall and 
winter as salinities decrease; (4) some euryhaline 
species which spend their entire life cycles in the 
estuary and often may be found anywhere from 
the freshwater swamps to the lower bays and 
barrier islands bordering the gulf. The data of both 
Wagner (1973) and Chambers (1980) suggest that 

euryhaline marine-spawned juveniles preferentially 
migrate into water with low salinity and slowly move 
into waters of higher salinity as they grow. Wagner 
found that less saline areas were characterized by 
high densities of postlarvae and juveniles. By 
contrast, biomass was higher in the more saline 
areas because of the presence of large juveniles 
and adults. 

Nekton species, especially larval and 
juvenile forms, preferentially seek out shallow 
water adjacent to wetlands, such as marsh ponds, 
tidal creeks, and the marsh edge in general. Data 
from Barataria Basin and Lake Pontchartrain show 
that nekton biomass is 7 to 12 times higher in 
shallow water marsh areas as compared with open 
waters. This pattern has also been demonstrated 
on the east coast where shallow tidal creeks and 
marsh shoals harbor dense populations of juvenile 
marine species (Schenker and Dean 1979; 
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Figure 63. Patterns of estuarine use by nektonic organisms (reprinted, with permission, from Day 
et al. 1982, copyright Academic Press). 
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Weinstein 1979; Bozeman and Dean 1980) and 
that young fish actively seek creek headwaters. 

It may be that it is primarily the shallow 
nature of waters adjacent to wetlands that attracts 
nekton seeking either food or refuge from 
predators. This is undoubtedly at least partially 
true, since these areas are practically all e l  m 
deep. However, most open waters in the Barataria 
Basin are e2 m deep and many are e l  m. The 
lakes and bays of the basin have flat, shallow 
bottoms. Since there is a distinct biomass 
difference between open waters and near marsh 
waters, it must be caused by more than the shallow 
nature of these areas. 

A number of studies have shown 
correlations among estuaries, wetlands, and 
fisheries. Turner (1977) correlated shrimp yield 
(kg/ha) and intertidal wetland areas on a worldwide 
basis. On a regional basis (the northern Gulf of 
Mexico), he found that yields of inshore shrimp are 
directly related to the area of estuarine vegetation, 
whereas they are not correlated with area, average 
depth, or volume of estuarine water. Moore et al. 
(1970) presented data on distribution of demersal 
fish off Louisiana and Texas. Their data suggest 
that the greatest fish populations occur offshore 

from extensive wetlands with a high freshwater 
input. Bahr et al. (1983) quantified organic matter 
flow in the Louisiana coastal zone. Their analysis 
showed a quantitative relationship between gross 
primary production of aquatic upper level 
consumers. They concluded that all input energy 
(from primary production) was used in the system 
or exported. This suggests that any reduction in 
primary production would be reflected in reduced 
secondary production, including the harvest of 
fishery species. They also stressed that habitat 
quality is also important in fisheries production. 
Thus the source of primary organic matter must be 
considered. Nevertheless, the Barataria Bay does 
seem to be in balance in terms of production and 
consumption. 

The evidence from Barataria Basin and 
elsewhere in Louisiana suggests that wetlands 
enhance fisheries productivity. The picture is 
certainly not complete, and we know that very few 
nekton species are absolutely dependent on 
estuaries or wetlands. However, the available data 
do suggest specific ways that nekton use 
wetlands. It is probable that many nekton species 
have evolved behavioral patterns that allow them 
to exploit wetlands as both food sources and 
habitat. 
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'The B a ~ a t s r i a  Basin lies e n t i r e l y  Cn Loilrisiana between the natura l  levees o f  the 
&c t f v@ Miss!  ssipgf River and the abandoned Bayou Lafourche d i s t r i bu ta r y .  I t  i s  
c h a r l c k r i r e d  by a network o f  in tercunnecl ing water bodies which al lows t ranspor t  o f  
water, mater ia ls  , and migrs t  Sny organisms throughout the basin. Natural  end 
a r t f f i e l a l  levee$ and bsrmrier is lands are the on l y  hEgh, wel l -drained ground i n  the 
bebfn, which Is otherwise char*acterised by extensive swamp Forests and fresh, 
Idracki 401, and %dl 6. marfrht?~, Tt~ese wetlands and water bodies art? e x t r e m l y  product ive 
O;tu"oWogic;.rl ly ~ n d  prravlde veluable nursery haki t a t  For a number of commercial and 
racrsnti~nari f ish and s h r l l f i s h ,  as wel l  as hab i t a t  f o r  w in te r ing  waterfawl and 
Strrbaarerlu, 

Ihs beslil i s  a dynmle ?;y~$tem rrndergoing constant chanqe because at7 geologic and huaan 
prwcce;sf?s. Pha network of' b a y s ,  lakes, and bayous has gr3adually enlarged aver t ime 
dua %a natura l  sub~idertce afid ar-osion. Superimposed on these natura l  processes has 
begn &he const ruct  ion o f  Beveea fo r  f load con t ro l  and a network of canals constructed 
for  o f 1  and gas explot-at ion and ex t rac t ion .  These humen d c t i u l t i e s  have a l t e red  
naturn i  hydrologic pdt terns in  the bas in  and may c l f rec t l y  o r  i n d i r e c t l y  con t r ibu te  t o  
wetland losses. Cantro I 1  i n g  wetland dete r fa ra t ion  i n  the  bas in  f s a major management 
ean(SZtr"n, 
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I#. mtws r, 8**0- 

%atusrir?c, ecology, geolow,  hydro law,  cl imate, nekton, b i o l og i ca l  p roduc t i v i t y  
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W@llaclds, energy f low, n u t r i e n t  c yc l  ing, marshes 
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