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Abstract: Here we review an extensive series of studies of Barataria Basin, an economically and 
ecologically important coastal basin of the Mississippi Delta. Human activity has greatly altered the 
hydrology of the basin by decreasing riverine inflows from leveeing of the river and its distributar-
ies, increasing runoff with high nutrient concentrations from agricultural fields, and channelization 
of wetlands of the basin interior that has altered flow paths to often bypass wetlands. This has re-
sulted in degraded water quality in the upper basin and wetland loss in the lower basin. Trophic 
state analysis found the upper basin to be eutrophic and the lower basin to be mesotrophic. Gross 
aquatic primary production (GAPP) was highest in the upper basin, lowest in the mid basin, and 
intermediate in the lower basin. Forested wetlands in the upper basin have degraded over the past 
several decades due to increased periods of flooding, while there has been massive loss of emergent 
wetlands in the lower basin due to increasing water levels and pervasive alteration of hydrology. 
Restoration will entail reconnection of waterways with surrounding wetlands in the upper basin, 
and implementation of river sediment diversions, marsh creation using dredged sediments and 
barrier island restoration. Findings from this review are discussed in terms of the functioning of 
deltas globally. 

Keywords: Barataria Basin; Mississippi Delta; trophic state; denitrification; eutrophication; forested 
wetlands; restoration 
 

1. Introduction 
The Barataria Basin is one of eight large coastal basins comprising the Mississippi 

Delta. The delta includes two geologic provinces—the deltaic plain formed by direct dep-
osition of sediments and wetland growth and the Chenier Plain formed by the westward 
drift of Mississippi River sediments [1–3]. The basins in the deltaic plain are interdistrib-
utary, located between current and abandoned distributary ridges of the Mississippi 
River. The Barataria Basin is located between the Mississippi River and Bayou Lafourche, 
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an abandoned distributary channel. Over the past half century, there has been dramatic 
wetland loss in the lower basin [4,5], but wetland area has remained relatively unchanged 
in the upper, freshwater part of the basin. 

Over the past half century, there has been extensive study of Barataria Basin. Much 
of the earlier work performed in the basin was synthesized by [6,7]. Reference [6] re-
viewed early studies of saline waters and wetlands in the southwestern part of the basin 
surrounding Caminada Bay. This monograph reviewed composition and production rates 
of primary producers, composition of faunal communities in salt marshes, submerged 
sediments and the water column, microbiology, detrital dynamics and developed an eco-
system carbon budget. Reference [7] reviewed the ecology of the entire basin, as part of 
the US Fish and Wildlife Service Estuarine Profile series. This review covered water level 
variability, sediment dynamics, chemistry and nutrient dynamics, aquatic and wetland 
composition and productivity, fauna, modeling and management issues. These two pub-
lications are largely unavailable so information from these publications plus more recent 
studies is summarized here.  

2. Overview Conceptual Model of the Barataria Basin 
To better illustrate the changes in the Barataria Basin, we developed a simple concep-

tual model of how the basin functioned in a natural state and how human activities have 
changed this functioning (Figure 1). This model represents the triangular shape of the ba-
sin in natural and current conditions. 

  
Figure 1. Simplified conceptual model of the Barataria Basin reflecting the triangular shape of the 
basin. There is net water flow from the upper basin to the Gulf of Mexico (GOM). Under natural 
conditions, river water entered the basin episodically, and rainfall runoff from elevated natural 
levees flowed mostly through wetlands to water bodies. Under current conditions, almost no river 
water enters the basin and upland runoff bypasses most wetlands. 

The Mississippi Delta and its estuarine ecosystems have evolved over the past several 
thousand years largely in the absence of any human intervention. Interdistributary basins 
were formed and deteriorated as part of the shifts in Mississippi River deltaic lobes. There 
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was a pattern of wetland expansion within the interdistributary basins followed by deg-
radation as riverine input and sediment supplies waxed and waned. Until European col-
onization, the natural levees of the Mississippi and Bayou Lafourche isolated the Barataria 
Basin from other parts of the deltaic plain. River water, however, regularly entered the 
basin via overbank flooding, crevasse formation, and a dense network of minor distribu-
tary channels. The natural levees were densely forested and nutrient inputs via runoff 
from these natural levees were low. Most upland runoff from rainfall slowly flowed 
through creeks and bayous, with overbank sheet-flow through adjacent wetlands where 
nutrients, especially nitrate, and sediments were taken up. Flow reaching water bodies 
further down basin had relatively low nutrient concentrations and little stochiometric var-
iability. River water that entered the basin in episodic pulses followed similar flow paths 
such that nutrient and sediment loading to mid reaches of Barataria Basin were relatively 
low. During years without these inputs, turnover time of water bodies in much of the 
basin was months up to more than a year. Aquatic primary productivity was likely mod-
erate throughout the basin.  

Freshwater surplus from the upper basin flowed to the lower basin and mixed with 
Gulf and estuarine plume water via tidal pumping. Sheet flow was important to tidal wet-
lands with a somewhat regular diurnal ebb–flood cycle accentuated by frontal passage 
and episodic events such as hurricanes. This resulted in one of the greatest expanses of 
tidal saline and coastal freshwater wetlands in the US. Sediment input to tidal wetlands 
and their regular draining worked together to consolidate sediments and add soil 
strength. Aquatic metabolism was likely heterotrophic in the upper basin due to high lev-
els of organic matter flowing from wetlands but more balanced in the lower basin. Wet-
lands were sustained by regular inputs of riverine sediments and in situ organic soil for-
mation. 

Human activity has drastically changed the hydrology and landscape of the basin. 
River input to the basin is greatly reduced. There has been a change in land use on the 
natural levees bordering the basin from forest to intensive row crop agriculture and in-
dustrial/urban land covers. Channelization of bayous and waterways draining the natural 
levees has resulted in the rapid flow of water down basin with much less contact with 
adjacent wetlands. Natural hydrology has been altered by channel dredging related to 
drainage, navigation, and oil and gas activity throughout the basin. These changes perva-
sively altered the hydrology of the basin, restricting water movement on and off wetlands, 
and increasing the rate and extent of downstream runoff, and intrusion of salt water up 
the basin. 

In this paper, we document how changes in hydrology and water flow paths in the 
Barataria Basin have altered the creation and sustainability of wetlands, nutrient biogeo-
chemistry, aquatic metabolism, and the pattern of eutrophication throughout the basin. 
The changes discussed above have had the following impacts: 

• Human impacts in the basin include high rates of relative sea-level rise, loss of river-
ine input, and pervasive alteration of hydrology and nutrient enrichment. 

• The hydrology of the basin has been pervasively altered with elimination of riverine 
surface input, clearing of natural levees and excavation of a dense network of drain-
age canals in agricultural fields, and extensive channelization of wetlands so that 
most upland runoff flows directly to open water bodies. The wet-dry season and tidal 
flooding of wetlands have been altered, especially with spoil banks created during 
channelization.  

• Nutrient processing has changed dramatically with fertilizer application and rapid 
nutrient runoff, especially nitrate, that is discharged directly to open water bodies. 
The role of wetlands in buffering nutrient concentrations and stoichiometry has been 
greatly reduced. 

• Because of high nutrient input due to wetland bypassing, water bodies in the upper 
and mid basins receiving high nutrient inputs have become very productive, more 
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heterotrophic due to high organic input from wetlands and uplands, and eutrophic 
to hyper-eutrophic. Water bodies with low agricultural input are less productive and 
slightly autotrophic, and more mesotrophic. Water quality in the upper basin is 
highly degraded while that in the lower basin is less so.  

• Wetlands in the basin have become degraded and there has been extensive wetland 
loss in the lower basin due to increasing water levels, lack of riverine input, saltwater 
intrusion, and pervasive alteration of hydrology. Marsh productivity has declined 
due to these human impacts. The impacts of oil and gas activity have contributed 
significantly to marsh loss. The upper basin is dominated by bald cypress-water tu-
pelo swamps and some freshwater marshes, but there has been relatively little loss 
of wetland area. However, forested wetlands are now mostly permanently flooded 
so that productivity is declining, and recruitment is limited so that there is a slow 
deterioration of these wetlands. Low to no natural recruitment because of increased 
flooding has made logging unsustainable. 

In summary, there has been severe water deterioration in the upper basin and exten-
sive wetland loss in the lower basin. We address causes of these problems and potential 
solutions throughout this paper. We focus more intensively on the upper basin because 
we believe that water quality can be substantially improved and extensive wetland loss 
can be prevented by a return to a more natural system functioning.  

3. Description of the Barataria Basin 
The Mississippi Delta was formed over the past approximately 6000 years as the river 

sequentially occupied different distributary channels and formed a series of large delta 
lobes (Figure 2). Sale-Cypremont was the first active lobe until approximately 4600 years 
BP and formed as sea level was still rising. As the Sale-Cypremont Delta was abandoned, 
the river subsequently occupied the Cocodrie (4600–3500 years BP), and Teche (3500–2800 
years BP) channels. These distributaries discharged to the central and western parts of the 
deltaic plain. It was not until the development of the St. Bernard lobe (2800–1000 years 
BP), with discharge to the eastern part of the deltaic plain, that the river occupied the 
channel that would become the current Mississippi River. The river then shifted back west 
and occupied the Lafourche distributary channel (1000–300 years BP) and the Barataria 
Basin became a distinct landscape feature. The river then shifted east to the present chan-
nel forming the Plaquemines lobe (750–500 years BP) and finally the Balize (Birdsfoot) 
Delta at the mouth of the river. The Atchafalaya delta lobe became subaerial in 1973 initi-
ating a new delta lobe formation. Thus, by approximately 1000 years ago, the Barataria 
Basin had been largely enclosed by the Lafourche and current Mississippi channels.  

 
Figure 2. Holocene deltas of the lower Mississippi River (modified from [8]). 
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Even though these distributary channels and delta lobes were most active during the 
periods indicated, most of the distributaries carried water well into the late 19th century. 
Reference [9] used journals and charts of 16th- and 17th-century explorers to describe 
what they have called the “last natural delta” of the Mississippi as it existed just prior to 
European settlement. They stated that the delta was a seaward-advancing arc that occu-
pied, through four distributaries, all of the five most recent delta complexes of the Missis-
sippi River (Teche, St. Bernard, Lafourche, Modern, and Atchafalaya) and extended across 
the deltaic plain. It was characterized by plumes of fresh water that extended for more 
than 10 km into the Gulf of Mexico during the spring flood and by a vast offshore oyster 
reef.  

The Barataria Basin (Figure 3) is a 6600 km2 interdistributary basin located between 
the natural levees of the Mississippi River and Bayou Lafourche. The aquatic portion of 
the basin is dominated by wetlands in the upper basin and open water in the lower basin 
adjacent to the Gulf of Mexico. Hydrologically, the basin can be divided into three sub-
basins. The upper basin is fresh and dominated by bald cypress-water tupelo swamps and 
fresh marshes. There are two water bodies: Lake Boeuf and Lac des Allemands. The latter 
receives most runoff from the upper basin from Bayous Boeuf and Chevreuil. These two 
streams carry most agricultural runoff to Lac des Allemands, and water flows down basin 
via Bayou des Allemands which is the only outlet to the mid basin. The mid basin occupies 
the area between Highway 90 and the Gulf Intracoastal Waterway (GIWW). Water flows 
from Bayou des Allemands to Lake Salvador and then through two outlets to the lower 
basin. Lake Salvador also receives flow from the Lake Cataouatche subbasin, which re-
ceives runoff from the west bank of the New Orleans metropolitan area. Since approxi-
mately 1940, the Intracoastal Waterway has connected the Barataria Basin to the Atchafa-
laya River, from which there is net eastward flow into the Barataria Basin [10]. Since 2002, 
the Davis Pond freshwater river diversion has introduced Mississippi River water to Lake 
Cataouatche [11]. Mississippi River water also enters the basin by subsurface pathways; 
[12] estimated the contribution via this pathway was 14–28% of all water discharging to 
the Gulf in the modern basin. Wetlands of the mid basin are mostly fresh to low salinity 
marshes and small areas of swamp forest. Water leaving the mid basin flows through a 
series of shallow water bodies (Bayous Perot, Rigolettes, and Barataria, and Little Lake) 
before entering Barataria Bay. Wetlands of the lower basin are dominated by brackish and 
saline marshes. Water is exchanged between Barataria and Caminada bays and the Gulf 
of Mexico through several deep tidal passes. 

The astronomical tide range is approximately 30 cm near the coast. There is little daily 
astronomical tidal variability in the upper basin, but there is longer-term water level var-
iability due to such factors as heavy rainfall runoff, frontal passages and seasonal water 
level changes in the Gulf of Mexico. Water bodies in the basin are shallow, ranging from 
1 to 3 m, and are generally unstratified [13]. Water turnover is low in the upper basin 
(months) and a few days near the Gulf [14,15]. Mississippi River water enters the lower 
basin from the Gulf of Mexico during high discharge [16]. Wetland loss has been low in 
the upper basin but very high in the lower basin ([17] see discussion below). 
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Figure 3. Map of the Barataria Basin (blue-water, green-wetlands, tan-uplands). Arrows indicate 
general hydrologic flow. Letters indicate station groupings used by [18] for water quality analysis of 
the basin: BC—Bayou Chevreuil, LA—Lac des Allemands, BAN—Bayou des Allemands north, 
BAS—Bayou des Allemands south, LS—Lake Salvador, LC—Lake Cataouatche, BP—Bayou Perot, 
LL—Little Lake, BBN—Barataria Basin north, BBS—Barataria Bay south, and GOM—Gulf of Mexico. 

3.1. Wetland Change in the Barataria Basin 
Coastal Louisiana has experienced dramatic wetland loss over the past 70–80 years 

as a result of a complex interaction of a variety of factors, all of which are related to isola-
tion of most of the deltaic plain from riverine input and pervasive hydrologic alteration 
of coastal wetlands and water bodies [17,19–24]. As with most of the delta, almost all wet-
land loss in Barataria Basin has been coastal marshes. 

We use the term wetland change because swamp forests and floating freshwater 
marshes have had much lower loss rates than saline marshes in the lower basin, although 
they have in many cases been modified to wetter or more-saline wetland types. The most 
important cause of wetland loss in saline marshes is increasing inundation due to relative 
sea-level rise (RSLR) and reduced ability of these marshes to accrete vertically to offset 
RSLR because of a reduction in mineral sediment input and lowered organic soil for-
mation due to increasingly long-duration flooding [22,25,26].  

By contrast, there has been relatively little loss of wetland area in the upper basin. 
Increased flooding affects freshwater forested wetlands due to RSLR in two main ways. 
As flooding duration increases, total forest productivity decreases. When flooding be-
comes permanent or near permanent, recruitment ceases because the tree seeds need pe-
riods of dryness to germinate. However, adult cypress and tupelo trees can persist for 
decades to centuries with permanent flooding. Freshwater marshes in the Bayou Boeuf 
Basin are predominantly floating so that they can survive with RSLR. Salinity intrusion is 
a threat to both forested wetlands and fresh marshes in the upper basin but the restricted 
hydrological exchange with the lower basin and surplus freshwater runoff has minimized 
salinity intrusion in the upper basin. If fresh conditions can be maintained and the long-
term flooding conditions in forested wetlands can be reversed, those wetlands in the up-
per basin can persist as forested for decades.  
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4. Pervasive Changes in Hydrology 
The wetland hydrology of the basin has been extensively modified due to canal 

dredging, resulting in the direct input of agricultural runoff to water bodies of the upper 
basin rather than mostly flowing through wetlands as it did when the system was natural. 
Before human alterations to the system, the basin received regular input of river water via 
crevasses, minor distributaries, and overbank flooding from both the Mississippi River 
and Bayou Lafourche. Bayou Lafourche was cut off from the Mississippi River in 1900 and 
the Mississippi River now has continuous levees that prevent river water input to the ba-
sin. River water has entered via the GIWW since approximately 1940, and the Davis Pond 
diversion since 2002, but quantities of water in both cases are relatively small (~62 m3/sec 
from the GIWW and ~28 m3/sec from the Davis Pond diversion) and are of more im-
portance locally than for water budgets of the entire basin. High elevation natural levees 
(1 to 5 m) have almost all been cleared and converted to agricultural lands, as well as 
urban and industrial development. There are approximately 33,850 ha of farm fields above 
US 90, almost all devoted to sugarcane, and agricultural runoff is the major cause of water 
quality impairment in the upper basin. 

By the time of European colonization, the natural levees of the Mississippi and Bayou 
Lafourche had isolated the Barataria Basin from other parts of the deltaic plain for approx-
imately a thousand years. The map of [27] clearly shows the pervasiveness of major and 
minor channels in the deltaic plain (Figure 4a). For the Barataria Basin, the major distrib-
utaries of the Mississippi River and Bayou Lafourche confine the basin but at least six 
smaller distributary channel complexes flowed into the basin, from both Bayou Lafourche 
and the Mississippi. Some of the distributary ridges of these minor channels are still in-
habited today, especially in the upper basin. Crevasses (low spots in natural levees that 
allowed frequent river flow) were very common all along the lower river distributaries. 
Figure 4b shows crevasses along the Mississippi River and Bayou Lafourche that were 
active during the colonial period [28–31].  

In years without large floods, the hydrology of the basin was largely controlled by 
rainfall and water level variability of the Gulf. Most runoff from forested uplands flowed 
into wetlands and then into water bodies. There is strong seasonality of water export from 
the upper basin [32] (Figure 5a). Water export is highest in the cooler months due to high 
rainfall and low evaporation and can decrease to zero in the summer due to high rates of 
evaporation leading to a water deficit. Bayous Boeuf and Chevreuil drain into Lac des 
Allemands, and Bayou des Allemands is the sole outlet from the upper basin and drains 
into Lake Salvador. This seasonal pattern of water export is the primary factor influencing 
materials export to the lower basin and also reflects nutrient losses due to denitrification 
and burial (Figure 5b). 
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Figure 4. (A) Historical distributary channels of the Mississippi deltaic plain. The Barataria Basin 
is outlined in red. There are at least six minor distributary channel complexes in the basin (high-
lighted yellow areas). Modified from [27,33]. (B) Map of crevasses along the lower Mississippi 
River and Bayou Lafourche that functioned during the historical period (from [34] as modified 
from [28,29]). 

Droughts influence salinity of the basin by reducing freshwater fluxes toward the 
Gulf and thereby allowing influx of salt water farther up the basin. The importance of 
drought-associated saline spikes prior to the extensive hydrologic modification of the ba-
sin is not well known, but they have recently been responsible for widespread vegetation 
changes in marshes in the Barataria Basin [35] and conversion of swamp forest to marshes 
in the nearby Lake Pontchartrain Basin [36]. Forest mortality from salinity is the major 
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causes of forest loss in the delta [37], and persistence depends on sufficient freshening 
between drought events [38]. Frequent tropical cyclones and shallow bathymetry of the 
Gulf of Mexico results in relatively frequent periodic storm surge floods in the basin [39]. 
These events bring salt water but typically have minor effects on soil salinity [40] unless 
surge water is impounded and cannot freely drain [41].  

 

Figure 5. (a) Water flowing into and out of Lac des Allemands. Monthly mean water discharge at 
bayous des Allemands (A), Boeuf (B), and Chevreuil (C). Bayous Boeuf and Chevreuil account for 
most water flowing into Lake des Allemands, and Bayou des Allemands is the single outlet from 
the upper basin to the lower basin. Water discharge was zero in July and August because evapo-
transpiration exceeded precipitation (modified from [34]; data collected 1975–1976); (b) Materials 
export to the lower estuary measured at Bayou des Allemands, the only outlet from the upper 
basin (modified from [34]; data collected 1975–1976). The lines in the graph are monthly export 
values. Annual loadings for TOC, TN and TP are provided in the upper middle. 

Reference [42] measured drainage density (length of channels per unit area) in the 
Barataria Basin (Figure 6) and compared it to trophic state index based on a multivariate 
analysis of Secchi depth, TN, TP, and chlorophyll following the approach of [43]. This is 
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similar to the analysis of Seaton and Day discussed below that had similar results. Drain-
age density, which included both natural channels and dredged canals, varied by over an 
order of magnitude, ranging from approximately 1 km/km2 in natural bayous to as high 
as 40 km/km2 in agricultural fields. In the natural state, drainage density was less than 2–
3 km/km2 indicating how profoundly the hydrology of the basin has changed. The drain-
age density was related to trophic status as will be discussed later.  

 
Figure 6. Local drainage density versus trophic status of stations in the Barataria Basin (modified 
from [42]; data collected 1977–1978). 

The physical characteristics of water bodies in the basin reflect freshwater flowing 
down basin mixing with saline water from the Gulf of Mexico and the size of water bodies 
[44] (Table 1). Turnover of water bodies is related to their size, depth, drainage area, and 
tidal influence. In the upper basin, water body turnover ranges from one to 4.6 times per 
year which lower Barataria Bay turnover is 14.6 times per year. Salinity increases down 
basin due to mixing of fresh and salt water. 

Table 1. Physical characteristics of water bodies in the Barataria Basin (modified from [44]; data collected 1973–1981; na: 
not available). 

Ecological 
Zone 

Example Turnovers 
per Year 

Mean Depth 
(m) 

Salinity 
(‰) 

Secchi Depth 
(cm) 

Tidal Range 
(cm) 

Upland to 
Wetland+ 

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 

Little Lake na 1.5 0–15 72 12 1: 33.3 
Lower Bara-

taria Bay 14.6 2.0 10–35 68 30  
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5. Water Quality, Biogeochemistry, and Changes in the Trophic Status of Water Bod-
ies of the Barataria Basin from the 1970s to 2015 

Water quality in the basin depends on upland runoff, the degree of interaction with 
wetlands, biogeochemistry, especially the role of denitrification, and decreases in nutrient 
concentrations due to non-conservative uptake. We begin this discussion of nutrient dy-
namics with a review of two transect studies.  

5.1. Temporal Changes in the Water Quality of the Basin Over Four Decades  
Previous studies of nutrient chemistry in Barataria Basin from the upper freshwater 

swamp-dominated bayous to the near shore Gulf of Mexico include quarterly transects in 
1977 and 1978 [45,46] and monthly transects from 1994 to 2016 [16] (see Figure 3 for station 
locations). Reference [16] added stations in 2005 in Lake Cataouatche and eastern Lake 
Salvador to capture the impacts of the Davis Pond diversion. Reference [18] analyzed both 
data sets to investigate spatial and temporal changes from the 1970s to 2016 focusing on 
trends down basin and the impact of the Davis Pond diversion (Figure 7). Reference [45] 
analyzed the transect data using multivariate statistics and developed a trophic state in-
dex (TSI) for Barataria Basin (see section 5.4) [46,47]. Reference [18] followed the same 
protocol and developed TSI scores using data from Seaton (1977–1978) [45] and pre- 
(1994–June 2002) and post-diversion (July 2002–2016) transects from [16].  

The means for chlorophyll a, Secchi disk depth, total phosphorus (TP), total organic 
nitrogen (TON), total inorganic nitrogen (TIN), and NO3 are shown in Figure 8. Reference 
[18] fit a two-way ANOVA model with interaction, and the interaction between station 
and time period was highly significant for every response (p <<0.001 for CHL, SD, TP, TIN 
and TON, and p < 0.01 for NO3). This indicates that the main effect for time period varied 
over the station location. In all cases, the main effect for location was highly significant (p 
< 0.0001), indicating strong variation in the responses across stations. All of the pairwise 
comparison statements below have a Bonferroni comparison-wise protection at 0.05. 

Chlorophyll a and nutrient levels were generally higher in the upper basin and de-
creased toward the lower basin (Figure 8). Mean chlorophyll a was highest in upper basin 
in non-shaded water bodies (Lac des Allemands and Bayou des Allemands), with the 
ranking (highest to lowest) of pre-diversion, post-diversion, and Seaton. These differences 
diminished, even becoming non-significant, toward the lower basin. In freshwater bayous 
bordered by swamp forest, chlorophyll a was lower due to light limitation. Mean chloro-
phyll a was 30 to 70 µg/L in fresh to low salinity water bodies strongly influenced by up-
land runoff. Turbidity was highest in the upper basin, as reflected by low Secchi depth 
values and that the water clarity increased down basin. Total phosphorous found highly 
significant differences in the upper basin, with significantly higher mean values for pre-
diversion relative to post-diversion (and no differences to Seaton). However, there was a 
reversal in significance in the lower basin, with [45] exhibiting significantly higher mean 
TP than both pre- and post-diversion, especially in the lower basin. Mean nitrate was gen-
erally less than 0.3 mg/L in the central basin transects. NO3 was elevated after runoff peaks 
from agricultural fields and where Mississippi River water entered the basin via the 
GIWW or the Davis Pond diversion. 
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Figure 7. A comparison of water quality parameters from transects of the Barataria Basin from 
[16,18,45,46]. The means are geometric and standard error bars arithmetic. Station designations are 
defined in Figure 3. Data collected for pre-diversion (1994–June 2002), post-diversion (July 2002–
2016), Seaton (1977–1978). Nitrate concentrations given as mg-N/L. 

5.2. Wetland-Nutrient Interactions in Upper Barataria Basin  
The water chemistry data from transects from swamp bayous to the Gulf of Mexico 

are primarily along the central drainage axis of Barataria Basin generally showed very low 
levels of nitrate (Figure 7), but a number of studies showed that agricultural drainage has 
high concentrations of nitrate and other nutrients. To capture the effects of episodic 
events, [48] (see also [49]) measured water quality parameters during rainfall events. They 
sampled runoff from sugarcane fields, a dredged canal receiving direct runoff from sug-
arcane fields (St. James Canal), Bayou Chevreuil which is affected by agricultural runoff 
and drainage from a natural swamp forest (Table 2). Mean concentrations of nutrients and 
TSS were uniformly low in drainage from the natural swamp. By contrast, concentrations 
were much higher in waterways receiving agricultural runoff. These data clearly show 
that peak concentrations in agricultural runoff were much higher than levels measured 
during the two transect studies, and that TSS and nutrient concentrations decreased rap-
idly, especially if there was flow through wetlands. 
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Table 2. Range of mean values from all storm events for total suspended sediment (TSS) and nu-
trient concentrations (mg/L) in stations receiving agricultural runoff in the upper Barataria Basin 
(from [48,49]; data collected 2005–2006). Peak values in parentheses. 

Parameter Agricultural 
Drainage Ditches 

St. James Canal Bayou Chevreuil Swamp Forest  
Runoff 

TSS 0–(1350) 186–275 (1500) 62–124 (350) 24–29 
Total P 0.1–(3.5) 0.5–0.7 (1.0) 0.2 (0.8) 0.1–0.2 
TKN 0.2–(16.5) 1.9–2.2 (7.0) 2.1–2.3 (7.0) 1.4 
NOx 0.1–(15.5 ) 0.5–2.7 (6.0) 0.2–2.2 (6.0) 0.2–0.3 
NH4 0–(2.3) 0.1–0.3 0.1–0.4 0.1 

 
The relative insensitivity of drainage from natural swamps to nutrient loading was 

demonstrated by [50] who measured the impact of precipitation on the N:P ratio of water 
draining from a natural swamp compared to Bayou Chevreuil, which receives direct ag-
ricultural runoff. The N:P ratio in the natural swamp was unaffected by the weighted 5-
day precipitation average prior to sampling (Figure 8 bottom). N:P ratios were always less 
than 5 and averaged approximately 2, indicating strong potential inorganic nitrogen lim-
itation. By contrast, the N:P ratio in Bayou Chevreuil was significantly and positively re-
lated to the 5-day weighted precipitation average (Figure 8 top). At rainfall levels averag-
ing greater than 2 cm, the N:P ratio was >20, indicating strong P limitation. With no rainfall 
the previous 5 days, the N:P ratio was <5 and was not different from the natural swamp 
drainage.  

A series of studies addressed nutrient dynamics in swamp forest bordering Bayou 
Chevreuil that received high agricultural runoff. Reference [50] sampled nutrients in wa-
ter as it flowed through the swamp and developed a simple nutrient accounting model of 
nutrient uptake and release. Organic nitrogen and phosphorus comprised 77% and 41%, 
respectively, of TN and TP. Nitrate was generally less than 0.1 mg/L. The model indicated 
strong uptake of NO3 (87%) and NH4 (33%) and release of PO4, organic N and organic P, 
indicating that the swamp was removing and transforming inorganic floodwater nutrient 
concentrations. Reference [51] characterized surface water quality in the Bayou Boeuf Ba-
sin, which receives drainage from sugarcane fields, and reported similar results. They re-
ported that nitrate was generally lower than 0.1 mg/L except during high runoff periods 
when concentration reached 1–3 mg/L. Hydrological modeling indicated that creating 
breaks in spoil banks along canals would increase N reduction from the current 21.4% to 
only 29.2% because only a very small fraction of the stormwater carried in channels is 
exposed to wetlands. References [52,53] studied the impact of redox in laboratory micro-
cosms. There was a negative correlation between dissolved oxygen and PO4 concentra-
tion. They concluded that water quality deterioration in the upper Barataria Basin was 
strongly related to bypassing forested wetlands by canals and a great reduction in over-
land flow. Litter decomposition in the field and in laboratory microcosms showed that 
more aerated conditions led to higher litter decomposition and higher nutrient concentra-
tions in remaining litter.  
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Figure 8. The relationship of weighted 5-day precipitation average prior to sampling of inorganic 
N/P ratios in (A) Bayou Chevreuil and (B) natural swamp [50]; data collected 1982–1983.  

5.3. Non-Conservative Nutrient Dynamics in Barataria Basin 
An important issue in analyzing nutrient biogeochemistry in the basin is whether 

different parts of the basin are net sources or sinks for different nutrient species. Several 
approaches have been used to address this question. These include 1) analysis of nutrient 
dynamics in wetlands (as discussed above), 2) quantification of denitrification as a path-
way for nitrate loss and sequestration of nutrients in soil and sediments, and 3) use of 
mixing diagrams to investigate source/sink behavior of different nutrient species. The re-
sults of the studies of nutrient dynamics in wetlands indicated that the deterioration of 
water quality in most of the upper basin was due to a combination of agricultural runoff 
and bypassing wetlands via canals that allowed runoff to flow directly into water bodies.  

Nitrogen loading to the basin. We calculated loading of NO3 from agricultural fields 
to wetlands and water bodies in the upper basin above US highway 90 based on area of 
agricultural land and estimated NO3 concentration in runoff. Net precipitation runoff 
from the fields was calculated monthly based on an average water budget of the area. 
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Although the highest concentration of NO3 reported in field drainage ditches was 13 
mg/L, average values are significantly lower. NO3 concentrations are highest during the 
spring when fields are fertilized (Pers. Comm. Herman Waguespack, American Sugarcane 
League, hlwag@amscl.org). To estimate nutrient loads, we used 3 mg/L NO3 in agricul-
tural runoff for March-May, 1 mg/L in Feb and June, and 0.5 mg/L for the remaining 
months of the year.  

Nitrate loading to wetlands and water bodies of the upper basin was estimated using 
the total area of wetlands plus water bodies and the area of Lac des Allemands, the largest 
water body in the upper basin (see Figure 3). Many canals have been dredged in and 
across wetlands to accelerate field runoff to bayous and lakes throughout the basin. Alt-
hough the spoil material along canals reduces overland flow, there are many breaks in the 
spoil banks. However, when water levels are high in the basin, water flows out of channels 
and lakes into wetlands. Thus, it is difficult to determine how much upland runoff flows 
into wetlands where nutrients are very efficiently removed. Loading of NO3 calculated for 
wetlands plus water bodies was 0.2 g NO3-N/m2/year. When loading was calculated just 
for Lac des Allemands, the loading was 2.63 g NO3/m2/year. The actual value is between 
these two extremes. Although this loading rate is specific for Lac des Allemands, the larg-
est water body surrounded by extensive agriculture fields, this value is low, indicating 
that NO3 would be quickly reduced via uptake by vegetation and/or denitrification.  

The role of denitrification. Reference [54] reviewed a number of denitrification stud-
ies in coastal Louisiana and reported that sediments of water bodies and wetland soils are 
capable of high potential denitrification rates when exposed to high NO3 concentrations 
(i.e., >100 µM = 1.4 mg/L). Maximum potential denitrification rates in experimental and 
natural settings can exceed 2500 µmol/m2/h depending on NO3 availability and loading 
rates. Twelve of the studies included in the analysis were from the Barataria Basin. Deni-
trification rates were significantly higher in the upper basin where agricultural runoff 
with high NO3 concentrations is prevalent. For instance, the average denitrification rates 
in Lac des Allemands freshwater marsh soils exposed to high NO3 concentration (100–300 
µM) is 79 g N/m2/year ± 10 (range: 0.6–172.4 g N/m2/year; N = 6, Table 1 in [54]); this rate 
is higher than the NO3 loading rate (2.63 g NO3/m2/year) estimated for this region (see 
section above). High rates were also observed in an isolated salt marsh, with values rang-
ing from 1.4 to 20 (g N/m2/year) while two additional salt marsh sites values were as high 
as 51 and 10 g N/m2/year. In a swamp forest in the upper basin, values as high as 205 and 
192 g N/m2/year were reported. In Bayou Chevreuil peak values were from 53 to 115 g 
N/m2/year while rate at the Davis Pond diversion ranged from 0 to 88 g N/m2/year. 

Denitrification by both wetland soils and anoxic sediments of open water bodies 
needs to be considered when assessing N loss from the system at large spatial scales [55]. 
But currently, there are no denitrification rate estimates for sediments of water bodies in 
the middle basin. Given the large extent of open water bodies and sediments, it is expected 
that benthic sediments do contribute to the N loss and/or assimilation in extensive areas 
such as Lac des Allemands (48 km2), Lake Cataouatche (37 km2) and Lake Salvador (181 
km2) in the upper Basin (Figure 3). Recent studies show that denitrification rates in benthic 
sediments from Lake Cataouatche can range from 3.1 to 6.2 g N/m2/year [56] and similarly 
range from 3.9 to 6.8 g N/m2/year in northern Barataria Bay [57]. Although these rates 
represent approximately 33% of the wetland soil denitrification rates, the large area of 
open water can significantly contribute to net N loss. In fact, [57] calculated that the marsh 
is only flooded 37% of the time while the estuarine bottom is constantly in contact with 
the water column, increasing the importance of the benthic denitrification. Thus, to eval-
uate the relative importance of denitrification in controlling high NO3 inputs from agri-
culture fields and via hydrological modifications, including freshwater diversions such as 
Davis Pond (see section 4.4), open water areas need to be considered. This is critical given 
the local variability in wetland spatial distribution and hydrological connectivity among 
channels, canals and open water bodies throughout the basin. Connectivity varies by sea-
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sonally and tidally controlled hydrological exchange with the adjacent coastal ocean/con-
tinental shelf. For example, connectivity is high during the peak spring river discharge 
when Mississippi River water enters the lower bay bringing NO3 into the system [58].  

Source–sink dynamics. Because sampling in the 1970s [45,46], and between 1994 and 
2016 [16] was performed primarily along the central drainage axis of the basin, both stud-
ies failed to capture high nutrient levels in agricultural runoff. For [45] transects, only four 
stations had NO3 greater than 1 mg/L; there were 3 samples between 1 and 2 mg/L and 
one value of 3 mg/L. In the case of the transect of [16], the highest NO3 sampled was 2.5 
mg/L and there were three samples higher than 2 mg/L. By contrast, NO3 resulting from 
agricultural runoff was regularly greater than 5 mg/L and was as high as 13 mg/L. 

Salinity mixing diagrams were plotted to evaluate source–sink nutrient dynamics for 
nitrate in the basin using three data sets obtained from the transects of [16,45,46] (Figure 
9). We also used stations added in 2005 in eastern Lake Salvador and Lake Cataouatche, 
as well as the Mississippi River, to capture the effect of the David Pond diversion (Figure 
9, see [18]). In both the [16,45] data sets, the mixing diagrams show that there is strong 
non-conservative uptake of NO3 (Figure 9a,b). 

 
Figure 9. Mixing diagrams for inorganic nitrogen (NOx) in the Barataria Basin. (A) Data from [46]; 
(B) data from [16]; (C) mixing diagram for stations added in 2005 in Lake Cataouatche and eastern 
Lake Salvador by [16] to reflect the impact of the Davis Pond diversion; notice the change in the X-
axis range (salinity). 

The added stations in Lakes Salvador and Cataouatche (see [16] for station locations) 
give a better understanding of nutrient source–sink dynamics (Figure 9c). First, a reduced 
area analysis shows that the main source for nutrients to Lake Cataouatche and eastern 
Lake Salvador was the Mississippi River, which was directly measured. Second, focusing 
on this smaller area underscores the reduced influence of nutrient inputs from the upper 
basin on Lake Cataouatche and eastern Lake Salvador, where NO3 exhibits strong non-
conservative uptake. 

Another permanent loss pathway is burial of organic carbon and nutrients, which 
can be quite high due to high relative sea-level rise rates due both to eustatic sea-level rise 
and the high rate of subsidence in the Mississippi Delta that can exceed 1.0 cm/year [59]. 
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A bald cypress-water tupelo forested wetland in the upper Barataria Basin receiving sec-
ondarily treated municipal effluent had net carbon sequestration of 49,505 mt CO2e/year 
[60]. By contrast, a study in freshwater floating marshes in the Bayou Boeuf Basin showed 
net carbon loss and decrease in elevation when wetland death was simulated using herb-
icides [61]. 

5.4. Changes in the Trophic Status of the Barataria Basin over Four Decades 
Refs. [45,46] based the development of the Barataria Basin trophic state index (TSI) 

on the work of [43] who used a multivariate analysis to characterize the trophic state of 55 
Florida Lakes. Reference [18] followed this approach and re-analyzed the [45] data as well 
as pre- and post-diversion data from [16]. The results for the [45] re-analysis were very 
similar to the original analysis (Figure 10).  

The results of the TSI scores for the three transects yielded very similar spatial pat-
terns. Positive scores are more eutrophic and negative scores are more mesotrophic. 
Scores for stations upstream of Lake Salvador (Figure 10) were generally greater than 1. 
The highest scores were for Bayou des Allemands, Lac des Allemands, and bayous receiv-
ing agricultural runoff. These stations had high nutrients and chlorophyll a and turbid 
waters with low Secchi disk depths (see Figure 7). Downstream of Lake Salvador, TSI 
scores for the three periods were generally less than -1, indicating non-eutrophic waters 
with greater clarity and lower chlorophyll a and nutrient levels. Post-diversion scores in 
this lower region somewhat elevated compared to pre-diversion scores, suggesting a 
slight tendency toward more enrichment. Lake Cataouatche scored greater than zero for 
the [45] transect while the post-diversion score was approximately -1. The shift is likely 
due to relatively clear river water entering the lake, the sediments having been retained 
in the Davis Pond wetlands as well as rapid reduction of NO3 due to high denitrification 
and uptake rates.  

 

 
Figure 10. Trophic state index scores for station groupings for the Seaton (1977–1978), pre-diver-
sion (1994–2002 June) and post-diversion (July 2002–2016) transects (from [18]). Locations on the 
horizontal axis are defined in Figure 3. 

6. Aquatic Metabolism and Materials Export in Barataria Basin 
A series of studies in the 1970s and 1980s reported on aquatic metabolism and water 

and materials export (Figure 5a and b) prior to the Davis Pond diversion thus document-
ing functioning of the system with minimum input of water from the Mississippi River. 

Gross aquatic primary production (GAPP) was highest in the upper basin, lowest in 
the mid basin, and intermediate in the lower basin (Table 3, [44]). GAPP was 3286 g 
O2/m2/year in Lac des Allemands, 2222 in Lake Cataouatche, 1058 in Lake Salvador, 1307 



Water 2021, 13, 642 18 of 32 
 

 

in Little Lake, and 1850 in lower saline waters (Table 3). Net community production was 
-450, -350, -198, -117, and 0 to +54 g O2/m2/year, respectively, in these water bodies. The 
degree of heterotrophy was highest in the upper basin and decreased down basin. The 
water column was slightly autotrophic in the most saline part of the basin. P/R ratios were 
0.76 in Lac des Allemands, 0.72 in Lake Cataouatche, 0.67 in Lake Salvador, 0.85 in Little 
Lake, and 1.03 in saline waters of the lower basin and nearshore Gulf of Mexico. Chloro-
phyll a (Chl a) was much higher in Lac des Allemands and Lake Cataouatche than in either 
bayous or Lake Salvador, Little Lake, and saline bays. The lower GAPP in upper basin 
bayous was likely due to light limitation due to both shading by swamp forests bordering 
these narrow streams and turbid waters from agricultural runoff. The high heterotrophy 
in upper basin waters is supported by organic matter exported from wetlands and upland 
runoff. The strong seasonal signal of aquatic metabolism is characteristic of all water bod-
ies measured, with generally higher metabolism in the warmer months (Figure 11). 

Table 3. Comparative aquatic productivity (g O2/m2/year) and mean annual chlorophyll a (mg/m3) 
in Barataria Basin from freshwater bayous to offshore areas. NDP = net daytime photosynthesis; 
NR = nighttime respiration; GP = gross production; NCP = net community production (modified 
from [44]; data collected 1973–1981). 

 Chl a NDP NR GP NCP 
Bayous 25 316 446 762. −130 

Lac des Allemands 65 1418 1868 3286 −450 
Lake Cataouatche 50 876 1205 2222 −350 

Lake Salvador 12 402 602 1058 −198 
Little Lake 10 639 753 1307 −117 

Brackish-Saline 10 940 910 1850 0 to 54 
Offshore 7.6 732 . . . 

In summary, the waters of the upper basin are strongly heterotrophic due to high 
TOC input from wetlands and upland drainage. There is a strong seasonality of aquatic 
metabolism in Lac des Allemands as a result of high nutrient input and lack of strong light 
limitation in this shallow lake (Figure 12). Similar findings were reported for Fourleague 
Bay [62], which receives high input of Atchafalaya River water. This bay has a mean depth 
of approximately 1 m, the same as Lac des Allemands. In Fourleague Bay, as in Lac des 
Allemands, APP is high despite highly turbid waters because the shallow water column 
is well mixed and phytoplankton are, on average, exposed to higher light than if they were 
stationary in the water column [62–65]. Despite high nutrient concentrations, bayou me-
tabolism is much lower due to shading by swamp forests that border these narrow streams 
and generally high turbidity from upland runoff. 
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Figure 11. Gross production of major lakes and bayous in Barataria Bay going from fresh (upper), 
low salinity (middle), to salt water conditions (lower; from [44]; data collected 1973–1981). 

Reference [66] measured seasonal TOC, DOC, and Chl a concentrations in Barataria 
and Caminada Bays and in the nearshore Gulf of Mexico. Concentrations of all three con-
stituents generally decreased from the upper bay stations that were directly influenced by 
marsh drainage to the lower bays to offshore (Table 4). Based on concentration gradients 
and estimates of flushing times, they calculated that export of TOC to the coastal ocean 
was approximately 150 g C/m2 of estuary per year (Table 5). Reference [66] used a flushing 
time reported of 23 days (equivalent to a renewal rate of 4.4% per day) for the whole es-
tuary, which includes Barataria and Caminada Bays and associated smaller water bodies. 
Reference [16] report that the pulse residence time, defined as e-1 (63% removal), is 50 to 
70 days in the middle of Lac des Allemands, 100 days in Lake Salvador, 20–30 days in 
Little Lake, and 1–4 days in Barataria Bay close to the tidal inlets [67,68]. Reference [66] 
summarized metabolic measurements for the lower basin waters and wetlands (Table 5). 
Based on these measurements, the estimate for export to the Gulf or burial) was 260 g 
C/m2/year, which is in the range estimated by [6]. 
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Table 4. Mean values (±s.e.) of dissolved organic carbon (DOC), total organic carbon (TOC), and 
chlorophyll a (CHL a) for the year in Caminada and Barataria bays (modified from [66]; data col-
lected November 1971 to November 1972). 

Group DOC 
(mg/L) 

TOC 
(mg/L) 

Chl a 
(mg/m3) 

Marsh 6.7±0.2 8.5±0.2 10.2±0.6 
Upper Bay 6.2±0.3 7.6±0.3 10.3±0.8 
Lower Bay 4.3±0.3 4.5±0.3 8.1±0.8 
Offshore 2.4±0.1 2.8±0.1 7.6±0.8 

 
Overall, the information summarized in this section indicates that in the 1970s and 

early 1980s, the Barataria Basin was a productive estuarine system with strong export of 
water and materials from the upper basin to the nearshore Gulf of Mexico. The system 
was strongly heterotrophic in the upper basin and becoming slightly autotrophic in the 
lower basin.  

Table 5. Metabolic measurements and estimates for Barataria Bay (modified from [66]; data col-
lected November 1971 to November 1972). 

 g C/m2/year 
(1) Net marsh production 590 
(2) Marsh consumption  300 
(3) Flushed from marsh 290 

(4) Flushed from bay 240 
(5) Phytoplankton and benthic algae production 450 

(6) Total organic carbon available to water (4) + (5) 690 
(7) Consumption in water 430 

(8) Net estuary production available for export or sedimentation 260 
(1) and (3) are per m2 of marsh, (4) and (8) are, per m2 of water surface. 

7. Structure and Productivity of Wetlands in Barataria Basin 
Wetlands in the basin range from freshwater forested and emergent wetlands to 

brackish and saline marshes in the lower basin. Because of their size, in contrast to many 
coastal systems, deltas often have very large areas of freshwater ecosystems that are im-
portant for their ecological functioning. This is true of the Barataria Basin as is discussed 
in this section. 

7.1. Forested Wetlands 
The swamp forests in the upper Barataria Basin are part of once, vast old growth 

stands of bald cypress (Taxodium distichum [L.] Rich.) that covered the coastal region of 
Louisiana. These stands were mostly clear-cut between 1880 and 1925 [69,70]. After log-
ging, water tupelo (Nyssa aquatica L.) and swamp red maple (Acer rubrum var. drummondii 
{Hook. and Arn. ex Nutt.} Sarg.) increased in importance because the rotting bald cypress 
stumps and fallen logs provided habitat for germination of the maple seeds, and there 
was little competition for growing space and light [71]. Along the bayous in the basin, 
small natural levees are only slightly higher (15–30 cm) than adjacent bald cypress-water 
tupelo areas and still have small areas of bottomland hardwood forests [72].  

In the first forested wetland study within the basin, [72] compared the growth rates 
of trees in typical bottomland and bald cypress-water tupelo swamp forests during 1974. 
Although there were more trees in the bottomland plot, they found that the standing bio-
mass of trees in the swamp was more than twice that in the bottomland hardwood plot 
(367 versus 157 MT/ha, respectively). Trees in the bald cypress-water tupelo forest were 
between 50 and 95 years old and had large diameters, while the majority of trees in the 
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bottomland forest were estimated to be less than 30 years old and of smaller size. Tree 
stem biomass growth in the bottomland site was 800 g/m2/year while stem biomass 
growth in the bald cypress-water tupelo site was 500 g/m2/year. Leaf litter-fall in the two 
forests was similar (574 g/m2/year in the bottomland site and 620 g/m2/year in the bald 
cypress—water tupelo site yielding aboveground net primary production values of 1374 
and 1120 g/m2/year for bottomland hardwood and bald cypress-water tupelo sites, respec-
tively. 

In a subsequent study during 1978, the natural bald cypress-water tupelo site used 
in the [72] study was compared to a permanently flooded site and a managed site [73]. 
The permanently flooded site was impounded by road and drainage projects while the 
managed site was surrounded by levees and was flooded in the winter and spring and 
drained in the summer for crawfish farming purposes. As described in [72], bald cypress 
and water tupelo were the dominant trees, making up more than 70% of the total number 
and 94% of the basal area. Overall tree density was 1,303 trees/ha. In the crawfish farm, 
the annual drawdown of water allowed seeds to germinate and seedlings to establish. 
Swamp red maple and ash (Fraxinus profunda and F. caroliniana) were the most common 
tree species even though they constituted only 39% of the basal area. Baldcypress and 
water tupelo were the largest trees in this area, making up nearly 50% of the BA. The 
permanently flooded area contained the fewest number of trees (943 trees/ha) and the 
lowest BA. Baldcypress and water tupelo made up 63% of the BA but buttonbush and 
swamp red maple had the highest stem density. Although the density and BA of ash in-
dicated that it was a major component of this area, the majority of the trees had dead or 
dying crowns. In addition, the site contained a number of species not found in the other 
two areas including diamond-leaf oak (Quercus laurifolia), hawthorn (Cratageus sp.), and 
wax myrtle (Morella cerifera (L.) Small). 

In the naturally flooded site, the combined stem productivities and litterfall of bald 
cypress and water tupelo represented nearly the entire production of that area (1,166 
g/m2/year) and was almost identical to the site's productivity in 1974 [72]. Net primary 
productivity in the permanently flooded area was 886 g/m2/year. Despite the high rate of 
stem growth of individual bald cypress and water tupelo trees in the permanently flooded 
site, their low densities resulted in lower overall areal productivity with a significant por-
tion of the total productivity due to buttonbush (Cephalanthus occidentalis L.), swamp red 
maple, and snowbell (Styrax americana), which were becoming the dominant species in the 
area. In the crawfish farm, seasonal flooding and the constant flow of water enriched with 
nutrients through the area when it is flooded were conducive to high productivity levels. 
Estimated net productivity of trees in the crawfish farm was 1779.9 g/m2/year. 

From 1977 to 1981, [74] found that net productivity was greatest in the crawfish pond 
(579 g/m2/year), intermediate in the naturally flooded site (405 g/m2/year), and least in the 
permanently flooded site (293 g/m2/year). They found a progressive decline in litterfall 
productivity through the first 4 years of study and suggested this was due to continuous 
flooding leading to mortality of trees. An increase in litterfall was observed in 1981 in all 
areas and was probably related to drought conditions that year which for the first time in 
many years allowed the sites to dry out, thus improving growing conditions. Between 
1979 and 1985, [74] monitored growth rates of bald cypress and water tupelo in the three 
sites.  

In an examination of community structure and changes between 1987 and 1989, [75] 
found that tree density decreased significantly (p = 0.003) in the impounded (declined 
from 480 trees/ha to 160) and crawfish farm (declined from 1030 trees/ha to 620) sites but 
not so dramatically in the naturally flooded (declined from 990 trees/ha to 880) site. There 
were decreases in all size classes, especially the 10 and 20 cm diameter classes. The major-
ity of the trees dying were swamp red maple and ash. A follow-up survey of these sites in 
2009 (Conner, unpublished data) found tree density increases in the impounded and 
crawfish farm sites (670 and 260 trees/ha, respectively). These increases were due to 
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swamp red maple, ash, and buttonbush recruitment. In the naturally flooded site, tree 
density declined to 830 trees/ha. 

The results of these studies highlight the developing problem within wetland forests 
in coastal Louisiana. Long periods of flooding lead to greater mortality and lower produc-
tivity. The whole Louisiana coastal area is subsiding at a rate of approximately 9 ± 1 
mm/year [76], and these forests are becoming flooded, on average, for longer periods of 
time with deeper water [77]. Mortality rates in Louisiana are typically low (around 
2%/year) in areas that have not been altered hydrologically [75]. In Louisiana, a major 
concern is the severe alteration of hydrology due to subsidence, relative sea-level rise, and 
hydrologic alteration such as dredging and levee construction). Reference [75] found an-
nual mortality in South Carolina and Louisiana plots with increased water levels rose 
from 4% in 1987 to 16% in 1997. All of the less flood-tolerant trees died, leaving only bald 
cypress, water tupelo, and swamp red maple, and all of the surviving swamp red maple 
trees were stressed, as evidenced by dying canopies. They concluded it would only be a 
matter of time before they died. With limited natural regeneration in these sites due to 
increased flooding, the areas will become marsh or open water when the existing bald 
cypress and water tupelo eventually die [78]. However, there is also evidence that bald 
cypress trees relieved of competition by rising floodwaters grow better and may persist 
as open forest [79,80]. Another concern is that exotic, invasive species such as Chinese 
tallow have the potential to become established as the dominant canopy tree in these dis-
turbed areas as was seen in the adjacent Pontchartrain and Verret basins after hurricanes 
[81,82]. 

In an effort to improve permanently flooded conditions in the impounded area de-
scribed in the above studies, eight wide gaps were made in the spoil bank along Bayou 
Chevreuil in 2017 to allow for better drainage and water circulation into and out of the 
impounded area. Eight sites (seven in the impounded area and one in a nearby naturally 
flooded site) were established by [83] to monitor the impacts of the hydrologic restoration. 
While the reference site showed no change in diameter difference between 2017, 2018, and 
2019, all seven sites in the newly opened impounded area experienced a dramatic increase 
in diameter in 2018. During 2018 and 2019 canopy closure increased by 20%, and litterfall 
production was also greater. In addition, extensive natural regeneration of bald cypress 
and water tupelo has occurred for the first time in 60 years. They attributed these increases 
to the hydrologic restoration [84]. 

At least two forested wetland sites within or adjacent to the Barataria Basin 
(Thibodaux and Luling) have been used as receiving bodies for treated municipal effluent. 
Both sites are impounded wetlands. In each site, soils have been shown to be an important 
sink for atmospheric CO2 [60,85]. Trees can also sequester carbon. Baldcypress trees in 
other coastal Louisiana sites have been documented to generally have slightly higher to 
significantly higher growth when exposed to nutrient rich waters [86–89]. At the Ham-
mond Assimilation Wetland near Ponchatoula, Louisiana, bald cypress increased in di-
ameter growth from 2 to 3 mm/year to 15 mm/year [89]. 

7.2. Herbaceous Wetlands 
Herbaceous wetland patterns of the Barataria Basin landscape include extensive 

bands of zones that parallel the coast with the species distribution reflecting the decreas-
ing salinity gradient northward through the basin. Saline and brackish marshes domi-
nated by smooth cordgrass (Sporobolus alterniflorus) and saltmeadow cordgrass (Sporobolus 
pumilus) occupy the lower basin adjacent to the coast, with lower salinity intermediate 
and freshwater wetlands occupying the uppermost areas of the basin [90].  

Freshwater marshes fringe the wetland forest boundaries and extend southward 
merging into intermediate salinity marshes [90]. One of the most interesting and histori-
cally important freshwater marsh community types in the Barataria Basin and all of 
coastal Louisiana is the maidencane (Panicum hemitomon) dominated floating freshwater 
marsh (flotant). The flotant marsh historically thrived in the freshwater zones of Barataria 
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Basin as well as other coastal Louisiana basins, and covered much of the freshwater 
marshes in coastal Louisiana through the middle of the last century [91,92]. The areas cov-
ered by this marsh type are now reduced from historic coverage. However, it remains one 
of the important wetland types in coastal Louisiana. The maidencane-dominated fresh-
water flotant marshes around Lake Boeuf in the Bayou Boeuf watershed of the upper ba-
sin are among the best examples of this important marsh community type.  

These freshwater maidencane marshes have remained productive for at least a cen-
tury [93,94]. The plant community is dominated by maidencane, while eastern marsh 
ferns (Thelypteris palustrus) and royal ferns (Osmunda regalis) and the perennial vines 
hairypod cowpea (Vigna luteola) and arrowleaf tearthumb (Polygonum sagittatum) are also 
important species. This is a very diverse plant community with 71 plant species recorded 
on the floating marsh, adjacent lake, canal banks, and swamp forest. Of these, 32 species 
were within one-meter square study plots in the maidencane flotant marsh. Maidencane 
is the dominant species, comprising approximately 70% of the total live biomass. The east-
ern marsh and royal ferns account for an additional 10% of biomass, and the hairypod 
cowpea and arrowleaf tearthumb vines produce another 5% of the total dry mass of the 
plant community. Other plant species that occur frequently are broadleaf arrowhead (Sag-
ittaria latifolia), swamp loosestrife (Decodon verticillatus), rice cutgrass (Leersia oryzoides), 
and seaside goldenrod (Solidago sempervirens) [92,95]. Net primary production was 1960 g 
dry wgt/m2/year, with the measured turnover rate based on tagged maidencane culms of 
1.21 crops per year [96].  

The freshwater flotant marsh classification as described by [92] is typified by the 
buoyant marshes around Lake Boeuf. The maidencane-dominated marsh there is a thick 
mat of organic material densely bound by root material that is free-floating continuously 
except during very low water level periods when the marsh mat rests on the underlying 
substrate.  

Saline marshes in the Barataria Basin have undergone dramatic change since the mid-
dle of the last century, resulting in extensive wetland loss (4). However, during the same 
period, the freshwater marsh in the upper basin around Lake Boeuf has been much more 
resilient. Local residents familiar with the area have described the flotant marsh condition 
as remaining about the same over the past century. Information from local references and 
the recollections of nearby residents point out these wetlands have not changed much in 
structure and appearance in the past 100 or more years. These upper reaches of the Bara-
taria Basin have remained freshwater dominated, enabling the true freshwater vegetation 
assemblages to thrive and remain productive in the Lake Boeuf marsh.  

Further evidence of the stability of this marsh is reported from the [93,94] long-term 
vegetation dynamics study at Lake Boeuf which shows that the vegetation community 
structure changed very little over the 1979–1990 period. Maidencane was dominant over 
the 12-year study, with peak end-of-season-live biomass averaging 636 g dry wgt/m2, or 
76% of the total of all species. Total mean live end-of-season biomass varied from 602 to 
1173 g dry wgt/m2. There was a total of 45 plant species found within the study plots. 
Analyses showed that community structure changed little from 1979 to 1990, with most 
of the interannual variation in biomass due to weather factors, particularly temperature 
(mean of daily maximum temperature during summer—positive; maximum temperature 
during growing season—negative) [93,94]. 

The areal extent of the Lake Boeuf marsh has remained fairly stable during the period 
of observations reported by [93,94]. Some edge erosion along water bodies occurred dur-
ing high water events. However, historical mapping of the flotant marsh at Lake Boeuf 
indicated a net marsh loss of only approximately 4% for the years 1945, 1952, 1981, and 
1992 [93,94]. 

Data from [97] indicated a nutrient gradient with depth for TKN through the marsh 
porewater in the freshwater marsh in the upper Barataria Basin around Lake Boeuf, with 
concentrations increasing with depth from the marsh mat to peat layer to underlying wa-
ter. Inorganic N (primarily ammonium) accounted for a large part of the trend. TP was 
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also highest in the free-water zone and lower in underlying peat and mat layers. In below 
ground solid samples, a TKN gradient with depth also existed and higher concentrations 
were in the organic sludge below the free-water layer, decreasing upward in the peat, mat, 
and roots. 

In the Lake Boeuf marsh landscape system, N and P were higher in the marsh mat 
water samples than in the adjacent lake and swamp [97]. Water from the lake and swamp 
moving under the mat during rising water levels was more dilute than water moving out 
from under the mat during falling stages, indicating a likely net export of N and P, which 
may be important to the nutrient budget of the regional ecosystem. 

8. Synthesis of System Functioning and Change 
8.1. Source–Sink Model of Nutrient Dynamics and Trophic Status 

Reference [46] developed a conceptual source–sink model of nutrient dynamics and 
trophic status for the Barataria Basin (Figure 12). They characterized the upper basin as 
an active source and saturated sink. Practically all freshwater areas are highly eutrophic 
and are sources of nutrients. Only streams draining natural wetlands are not eutrophic. 
Under natural conditions, Lac des Allemands was likely able to retain most nutrients from 
upland and wetland runoff because of low nutrients in upland runoff and high nutrient 
uptake in wetlands. There are elevated nutrients and organic matter derived from agri-
cultural and wetland runoff as well as in situ phytoplankton production and high export 
of organic matter and nutrients down basin. Reference [46] characterized the middle part 
of the basin as intermediate filtration. These areas have higher loading from the upper 
basin than the lower basin, which has low levels of nutrients and chlorophyll a and clear 
water. These areas are relatively unaffected by input from the upper basin and have a high 
capacity to act as nutrient sinks. This is especially true for NO3, which is rapidly reduced 
via denitrification in anaerobic wetland soils and submerged sediments [98]. Reference 
[42] showed that drainage density was related to the trophic state index (Figure 6). Drain-
age density included both natural channels and dredged canals in wetlands and drainage 
canals in agricultural fields. 

 
Figure 12. Conceptual model of nutrient uptake dynamics and trophic status of water bodies in 
the Barataria Basin (From [46]). 
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8.2. Freshwater Residence Time and Nitrogen Export 
Several studies have reported that freshwater residence time is a good predictor of 

the percentage of total nitrogen exported to the coastal ocean. References [99,100] reported 
that the percentage of annual-scale TN inputs that were exported was inversely related to 
the log of the water residence time (Figure 13, black circles). Reference [100] added sys-
tems with shallow, open water areas and large areas of emergent vegetation such as those 
in the Mississippi Delta. They reported that such systems remove considerably more N 
for a given water residence time. We plotted this relationship for Lac des Allemands and 
found that it fits the pattern of other areas in the Mississippi Delta and similar shallow 
water systems with extensive intertidal wetlands. Organic matter burial is also an im-
portant pathway for N removal in the Mississippi Delta due to the high subsidence rate. 
Due to these factors, nitrogen sinks such as denitrification, burial, and wetland plant up-
take can remove more nitrogen than in systems not having these important characteristics 
[101,102]. 

 
Figure 13. Percent of total N inputs that are exported from different estuarine systems versus 
freshwater residence time. The black circles are from [99,100]. Red circles are from more recent 
analyses by [103–105] and unpublished data (see [106]). Modified from [107]. Residence time of 
Lac des Allemands is approximately 2.6 months [44]. 

8.3. The Impact of the Davis Pond Diversion on Wetlands and Waters of Mid Barataria Basin 
The Davis Pond diversion is the first substantial direct input of river water into the 

basin in over a century. The GIWW inputs, while originating as Atchafalaya River water, 
at least partially mix with estuarine water in the Terrebonne Basin. The Davis Pond diver-
sion is one of the first diversions in a program of planned introductions of river water 
from the Mississippi and Atchafalaya rivers to combat salinity intrusion and reverse land 
loss in the Mississippi Delta. There have been a series of studies on the impacts of the 
Davis Pond diversion on water quality and wetlands. These studies demonstrate wetland 
gain in the receiving area of the diversion and water quality changes in Lakes Cataouatche 
and Salvador [16,108–112]. Mixing diagrams (discussed above) show rapid, non-conserva-
tive uptake of nitrate to background levels within Lake Cataouatche and eastern Lake 
Salvador. There was a minor enrichment in the mid basin [18]. The impact of a much larger 
planned diversion to Barataria Bay needs further study. Reference [113] measured the im-
pact of Atchafalaya River discharge on nutrient dynamics in Atchafalaya Bay and adjacent 
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areas. There was non-conservative reduction of nitrate of 41–47% as river water flowed to 
the Gulf of Mexico.  

9. Summary and Conclusions 
The Barataria Basin is one of the interdistributary basins in the Mississippi Delta. 

Human activities have strongly impacted the basin and include a dramatic reduction in 
river water into the basin, high rates of relative sea-level rise, pervasive changes in hy-
drology, wetland loss, and water quality deterioration.  

The hydrology of the basin has been pervasively altered with elimination of riverine 
input via small distributary complexes, crevasses and overbank flow. The original forests 
of the natural levees have been cleared and drainage has been altered by excavation of a 
dense network of drainage canals in agricultural fields and extensive channelization in 
wetlands. This results in nutrient-laden upland runoff largely bypassing wetlands and 
flows directly to open water bodies. Spoil banks associated with canal dredging have re-
sulted in semi-impoundment of large areas of forested wetlands in the upper basin.  

When the system was natural, most upland runoff in the upper basin flowed through 
wetlands where nutrient uptake occurred and nutrient stoichiometry in water flowing 
from wetlands was relatively constant. Nutrient processing has changed dramatically 
with fertilizer application and rapid nutrient runoff, especially nitrate, that is discharged 
directly to open water bodies. Therefore, wetlands no longer significantly buffer nutrient 
concentrations and stoichiometry. Nitrate flowing from uplands and from the Davis Pond 
diversion is rapidly reduced in wetlands and water bodies, primarily via denitrification. 

Because stormwater runoff from agricultural lands with high nutrient concentrations 
is discharge directly to water bodies in the upper basin, the water bodies have become 
very productive, heterotrophic due to high organic input from wetlands and uplands, and 
eutrophic to hyper-eutrophic. Water bodies in the lower basin with low agricultural input 
are less productive and slightly autotrophic, and more mesotrophic. Thus, water quality 
in the upper basin is highly degraded, while there is good water quality in terms of nutri-
ents in the lower basin. 

Another aspect of water quality in the basin is salinity. The general future trends in 
salinity will likely be a gradual increase up basin with subsidence and more Gulf water 
entering the basin, but episodic droughts (and surge events in impounded areas) will re-
sult in salinity spikes, which is exacerbated by lack of riverine influence. A cycle of peri-
odic salinization followed by slow freshening of wetlands [38] has important implications 
for these ecosystems, with salinity peaks serving as bottlenecks that limit coastward extent 
of swamp forests and fresh marshes. 

The Davis Pond diversion introduces Mississippi River water directly into receiving 
wetlands and Lake Cataouatche. There has been wetland gain in the Davis Pond receiving 
area and strong non-conservative uptake of nitrate, with denitrification being a major 
pathway. There is evidence of a slight enrichment in the middle basin due to the diversion. 

Wetlands in the basin have become degraded and there has been extensive wetland 
loss in the lower Basin. The upper basin is dominated by bald cypress-water tupelo 
swamps, and freshwater floating marshes in the Lake Boeuf Basin and around Lac des 
Allemands and Bayou des Allemands, but there has been relatively little loss of wetland 
area. However, forested wetlands are now mostly permanently flooded so that produc-
tivity is declining and recruitment is essentially absent so that there is a slow deterioration 
of these wetlands. Locally, a reduction in impoundment has proven effective at restoring 
fluctuating water levels and natural seedling recruitment. However, long-term trends in 
water level due to RSLR will ultimately lead to permanent flooding and lack of seedling 
recruitment. Without restoration, the surviving bald cypress-water tupelo forests will 
slowly disappear due to lack of recruitment and mortality of adult trees. Coastward 
swamp forests are more vulnerable than more inland swamp forests because of the influ-
ence of salinity intrusion. In the lower basin, there has been massive coastal marsh loss 
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due to increasing water levels, lack of riverine input, and pervasive alteration of hydrol-
ogy. Marsh productivity has declined due to these human impacts [114]. Oil and gas ac-
tivity have contributed significantly to marsh loss [115]. 

Restoration approaches for the upper and lower basins differ both in the scale re-
quired and the potential for success. The upper basin is characterized by pervasive alter-
ations of hydrology and eutrophic to hyper-eutrophic water quality but minimal wetland 
loss. In the lower basin, there is also severe hydrologic alteration, extensive wetland loss, 
and increased influence of salinity, but minimal water quality deterioration [16–18,114]. 
There is potential for dramatic water quality improvement in the upper basin that is con-
ceptually rather straight forward but practically more complicated. In essence, the hydro-
logic plumbing needs to be re-naturalized [83]. The pervasive short circuiting of upland 
runoff to open water bodies needs to be reversed. Water flow from agricultural fields 
should be routed through wetlands and impediments to overland flow through wetlands 
need to be removed. Studies from the upper basin clearly show that wetlands lead to a 
dramatic reduction in nutrients entering water bodies. References [116,117] modeled hy-
drology and eutrophication in forested wetlands of the upper basin. Simulation showed 
that removal of spoil banks so that more water flowed through wetlands led to lowered 
stages in Bayou Chevreuil, increased swamp productivity [84] and decreased eutrophica-
tion.  

Sustaining productive wetlands in the upper basin is dependent on preventing salt-
water intrusion and lowering long-term flooding in swamp forests. The upper basin is 
almost completely fresh but saline spikes can occur during prolonged south winds and 
during drought periods. Because there is only one outlet from the upper basin via Bayou 
des Allemands, controlling salinity intrusion is less complicated than where intrusion oc-
curs over a broad area, as in the lower basin. The combination of a control structure at 
Highway 90 and introductions of river water could maintain a fresh upper basin. 

Maintaining sustainable forested wetlands in the upper basin will require a coordi-
nated plan of restoration of hydrology, planting of bald cypress and water tupelo, protec-
tion from nutria (Myocastor coypus) herbivory, and small targeted sediment diversions 
from the River that deliver to swamp areas to reduce permanent flooding. The work of 
[84,116,117] show that restoring sheet flow hydrology can lead to enhanced accretion, re-
cruitment and forest productivity. Since bald cypress and water tupelo trees can live for 
centuries, the restoration plan will lead to long-term sustainability of forested wetlands.  

Wetland restoration in the lower basin is an integral part of the Coastal Master Plan 
[118]. Major activities include river sediment diversions, marsh creation using dredged 
sediments and Barrier Island restoration. The mid Barataria sediment diversion at Myrtle 
Grove will deliver up approximately 2200 m3/sec to the eastern part of the lower basin. 
Reference [118] projects that the diversion will result in the creation of thousands of ha of 
new land over 50 years. A number of marsh creation projects using dredged sediments 
are planned for the lower basin, especially in the “land bridge” where saline marshes are 
still relatively healthy. Several barrier island and coastal ridge restoration projects are also 
planned. Reference [114] used modeling results to examine spatial and temporal patterns 
in future wetland loss due to future changes in precipitation evapotranspiration, subsid-
ence and eustatic sea-level rise. Inundation and salinity were important contributors to 
wetland loss, with salt marsh being most susceptible. These results suggest that maximum 
use of riverine sediments, with increased fine sediment supply from the Missouri Basin, 
should be integral parts of coastal restoration [24,119]. As noted above, the upper basin is 
more resistant to sea-level rise because floating marshes are not impacted directly by sea-
level rise and adult swamp forest trees can live for centuries in continuously flooded con-
ditions. The upper basin, however, needs to be protected from salinity intrusion. This can 
be accomplished by a combination of targeted moderate river diversions combined by 
control of salinity intrusion via Bayou des Allemands at Highway 90 with a water control 
structure. 
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The findings of this review have implications for the restoration and management of 
deltas globally. These broader issues include how hydrological alterations lead to poor 
water quality, the impact of agricultural runoff on water quality, the importance of wet-
lands to improving water quality, the role of denitrification in reducing nitrogen levels, 
the importance of appropriate hydrology to wetland health, approaches to identifying 
spatial and temporal trends in the health and functioning of coastal and especially deltaic 
systems, and the important ecological roles of coastal freshwater areas in deltas. 
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