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Executive Summary 
Introduction 

Since March 2012 when the Mardi Gras Pass (MGP) channel breached completely to the Mississippi 
River, MGP has been a small, free-flowing distributary of the Mississippi River at RM 43.7 on the left 
descending bank, and in 2014, MGP was formally determined by the U.S. Coast Guard to be a navigable 
waterway of the U.S. (a.k.a. Mardis Gras Cut). MGP is located within a 11.8-mile reach of the east bank of the 
Mississippi River known as the Bohemia Spillway which has been an active flood outlet of the Mississippi River 
since the Great Flood of 1927 ( Lopez, et. al., 2013). Because the upstream end of the Bohemia Spillway is the 
downstream end of the Federal River (MR&T) levees, MGP is outside of the Federal river levee system. 

MGP first began to develop during the significant Mississippi River flood in May 2011, when overbank 
flow during the waning flood cut a new, 630-foot long channel across the crest of the river’s natural levee, 
which resulted in the connection of two small, preexisting conveyance canals associated with the defunct 
Bohemia Diversion (concrete culverts). During early high water of 2012, headward erosion was re-initiated at 
the channels’ upstream terminus which, at that time, was within a forested river bar. Headward erosion during 
January and March 2012 propagated the MGP channel further up-current across the forested bar until it 
reached the Mississippi River during Mardi Gras Season in 2012. We define MGP as all of four channel 
segments including the two new channels and the two pre-existing canals, extending in total 0.85 miles from 
the Mississippi River to the Back Levee Canal. The initial new channel that cut across the crest of the natural 
levee in 2011 also cut across a private, single-lane, gravel road, which has prompted a land owner, further 
downriver within the Bohemia Spillway, to request a permit to repair the road, and threaten the continuance 
of Mardi Gras Pass. 

Because the opportunity to scientifically examine the development of a new distributary along the 
Mississippi River is rare due to the extensive river levees that normally prevent occurrence of these natural 
processes, LPBF and its partners have been studying the development of MGP closely. MGP discharges 
freshwater, nutrients and sediment from the Mississippi River, which are then distributed by canals over a 
large wetland area. MGP is also a nexus of fish migration including fresh and saltwater species. Indeed, 
simultaneously with MGP’s breach to the river, a riverine ecology began to develop over a wide trophic range.  

MGP is an important case study in riverine-deltaic processes that helps inform critical discussions of 
artificial river diversions proposed for wetland restoration in coastal Louisiana. For example, the Louisiana 
2012 State Master Plan has proposed the Lower Breton Diversion (50,000 cfs) in the Bohemia Spillway near 
MGP which would cost $220 million. MGP is currently operating, providing benefits at no cost to the tax payer 
and could be adaptively managed to be an alternative to the proposed diversion. Currently, at the highest river 
stages allowed (since maximum river stage in managed by the Bonnet Carré Spillway and the Morganza 
Spillway), MGP’s maximum hypothetical flow is 5,000 to 6,000 cfs, which is one-tenth of the maximum 
discharge proposed for the nearby diversion in the State Master Plan. MGP provides opportunity for important 
scientific study of potential environmental benefits to adjacent marshes and could prove a cost savings to tax 
payers. LPBF will continue to closely study the development of MGP and provide studies, observations and 
reports to interested parties and the public. This report summarizes LPBF’s monitoring of the geomorphic, 
hydrologic, sediment distribution, and biologic processes of MGP through December 2013. 
 
Observed Channel Dimensions and Geomorphic Processes of Mardi Gras Pass 

LPBF is conducting ongoing monitoring of the changing morphology of MGP. Following the emergence 
of MGP as a continuously flowing channel in March 2012, LPBF initiated a monitoring program in April 2012. 
LPBF has conducted bank and bathymetry surveys in August 2012, September 2012, January 2013, March 
2013, and August 2013, along with a bathymetry only survey in May 2013. Data was collected using a high 
precision GPS unit to capture the edge of the bank and a fathometer was attached to the unit to capture the 
bottom elevation of the channel. These data were compared across survey dates to assess changes in channel 
morphology. From May 2012 to August 2013, the average width increased 18 ft. Most of this trend has been 
driven by the expansion of Reach 1. Non-existent prior to the 2011 flood, Reach 1 has doubled from its initially 
measured average width of 51.2 ft. in March 2012 to 105 ft. in August 2013. Similarly, the thalweg depth has 



 

Page 11 of 92 
 

increased 4.5 ft. Deepening appears to occur along the entire length of MGP, though the rate is largest in 
Reach 1, which deepened 5.5 ft. 

The dynamic geomorphic processes in MGP are affected by many different factors that either enhance 
or hinder channel enlargement. The dominant geomorphic process that created MGP was headward erosion 
which migrated up current from the marsh side during flood events, until it reached the Mississippi River and a 
permanent connection was established. Subsequently, there have been numerous processes that have 
contributed to the continued expansion of MGP. These processes include bank erosion, the development of 
scour holes, vertical degradation, and surface erosion. There were other processes that hindered or delayed 
channel enlargement, including log jams, vertical aggradation (or deposition), unpermitted channel filling and 
bank stabilization, and bank deposition. Since understanding these processes has important implications for 
future restoration projects in southeast Louisiana, changes in channel development will continue to be 
monitored in the future. 
 
Hydrologic evolution of Mardi Gras Pass  
 Mardi Gras Pass developed from a breach in the road located at the levee crest in May 2011 to a fully 
connected distributary of the Mississippi River by March of 2012. As the geomorphic processes continued to 
change the channel, the hydrologic evolution proceeded as well. As the channel has enlarged, discharge 
potential through the channel has increased. By end of 2013, nine ADCP discharge surveys were conducted 
with the highest discharge being 3,840 cfs. A rating curve was developed which illustrates the change in 
potential discharge during high water in 2012 and 2013. The increase in potential discharge was compared to 
the actual change in average channel dimensions, and revealed that the increase in discharge has lagged 
behind the increase in channel dimensions. Upon further examination, it was discovered that one portion of 
the MGP channel was not expanding at the same rates as the rest of the channel. This segment in the channel 
causes constriction which inhibits flow, and therefore, limits the increase in discharge in relation to the 
enlargement of the rest of the channel. Predictions of MGP hydrologic changes for 2014 were made. Two 
scenarios were considered based on the data collected thus far. The future increase in discharge is greatly 
dependent on the constricted reach. If this reach begins to erode at a rate similar to other parts of MGP, and 
approaches similar dimensions to other reaches, then discharge through MGP could increase at a higher rate, 
reaching perhaps up to maximum potential of 10,000 cfs (with highest possible flood stage). If the constricted 
reach continues to resist erosion and act as a constriction point, then maximum discharge through MGP may 
only increase to approximately 6,000 cfs (with highest possible flood stage).  
 
Sediment and Nutrient Distribution from Mardi Gras Pass 
 Three turbidity, total suspended solids (TSS) and salinity surveys were conducted in the MGP basin on 
May 14, June 26, and September 18, 2013. The May and June surveys were conducted during high water 
conditions on the Mississippi River and the September survey was conducted during low water. In addition, 
during the June survey, a nutrient survey was added. Samples were collected in the Back Levee Canal, John 
Bayou, Fucich Bayou, Lower Grand Bayou, Bay Law, American Bay and Uhlan Bay. In all surveys, turbidity 
samples were collected at more stations than TSS and nutrient samples. With enough TSS and turbidity data, 
an attempt will be made to derive a mathematical relationship between the two parameters so that TSS can be 
estimated accurately from turbidity samples.  

Freshwater flow and sediment are being captured by MGP and being conveyed into the receiving 
basin, including the Back Levee Canal, John Bayou, Fucich Bayou and Lower Grand Bayou. In addition, the 
incoming water is picking up sediment in MGP, implying that erosion is occurring in MGP which is supported by 
numerous bank and bathymetry surveys . The sediment load is reduced in the water column with distance 
from the Mississippi River, implying that sediment deposition is occurring as water moves into the receiving 
bays. In general, the sediment is carried and deposited in channel and no overland flow outside of MGP has 
been observed. Therefore, the sediment that is deposited in channel is available for re-distribution into the 
surrounding marshes during storm events. The pattern seen during the high water surveys in May and June, of 
the influence of nutrients and freshwater extending further into the basin than the influence of the sediment, 
is an important observation. When discussing the construction, operation and basin effects of future sediment 
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diversions proposed in Louisiana’s Comprehensive Master Plan, the sediment, freshwater and nutrients are 
often discussed as a unit flowing through the diversion and entering the receiving basin together. This study 
shows that the region of influence of these factors (and others, e.g. pollutants) can differ markedly. Therefore, 
future planning and modeling efforts for sediment diversions should account for the fact that the sediment, 
freshwater and nutrients can regionally have very different areas of influence in a diversion’s receiving basin. 
 
Biological Assessment of Mardi Gras Pass 

This section reports the results of biological surveys conducted from November 2012 through 
December 2013. A variety of different gear types were used during this investigation of MGP. Sampling for this 
survey was conducted on November 8 and December 6, 2012, and January 15, March 13, August 22, 
September 25, November 14, and December 13, 2013. For each sampling date, different combinations of 
sampling gear types were used as weather conditions, river-stage, and velocity of flow, allowed. The gear types 
used during the entire survey include a 225-foot six paneled gill net, a cast net, a trotline, jug lines, standard 
commercial crab traps, minnow traps, crawfish traps, hoop net, pinfish traps, rod and reel, and electrofishing 
which was only used during the September 25th, 2013 survey. At each location where a gear type was 
deployed, water quality parameters of water temperature, salinity and dissolved oxygen and Secchi disk depth 
were measured. Fourteen different species of freshwater fish and fifteen different species of saltwater fish 
were captured in MGP. In addition to the species captured, a number of different bird, mammal, fish, reptiles 
and crustacean species have been observed in or around MGP. It is evident that coexistence of various fresh 
and saltwater species occurs in MGP. Recreational fishermen have also been seen utilizing MGP for fishing 
purposes and as a short-cut to other fishing grounds by way of the Mississippi River. The dynamics of MGP, a 
naturally evolving channel, can be contrasted with human engineered conveyance canals, common with the 
construction of river diversions. MGP has a rich diversity and habitat complexity when compared to man-made 
channels. 
Evolution of Mardi Gras Pass 

Considering the documented increases in channel dimensions and discharge over time for MGP, it is 
obvious MGP has a cascading response to captured Mississippi River flow by increasing its flow capacity, and 
thereby increasing its rate of enlargement. However, the geologic record is clear that crevassing or overbank 
overtopping does not generally continue, and that there are processes that ameliorate or hamper the 
erosional process that could otherwise lead to an avulsion of the trunk channel of the Mississippi River. 
Essentially, continuation of expansion or reduction of crevasses is a competition between aggradation and 
degradation processes. The Holocene record of the Mississippi River demonstrates that avulsions occur every 
1,500 years, which is orders of magnitude less frequent than crevassing. The sub-delta process is known to 
have a growth and decay phase of about 150 to 200 years and “crevasses-splays” over several decades. 
Therefore, the convention for overtopping, crevassing and bank breaches along the Lower Mississippi River is 
for these outlets to reach a limit of captured flow, and then stabilize or become abandoned (geomorphic limit). 
For a multitude of reasons all relating to the unnatural management of the river for betterment of societal 
needs, it may be determined that there is a limit to the desired flow through a particular location of the river 
such as at MGP. The limit may or may not fall above discharge at the geomorphic limit. If the acceptable 
discharge limit is greater than the discharge at the geomorphic limit, the need for human management or 
intervention of MGP is minimal. If the acceptable discharge limit is less than discharge at the geomorphic limit, 
then a more aggressive adaptive management strategy may be necessary.  
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Introduction 
 The Bohemia Spillway is an 11.8 mile reach on the east bank of the Mississippi River approximately 45 
miles downriver of New Orleans. The Bohemia Spillway was created in 1926 when the artificial Mississippi 
River levees were removed, which re-established more natural conditions of overbank flow across the natural 
levee (Lopez et al. 2013). Because wetland loss in the Bohemia Spillway is less than other coastal areas, the 
Lake Pontchartrain Basin Foundation (LPBF) has been investigating the area to document processes that may 
be emulated elsewhere for coastal restoration.  
 During the course of a hydrologic survey conducted during the 2011 Mississippi River flood event 
(Lopez et al. 2013), LPBF staff observed a process of overbank flow developing into a channelized flow across 
the crest of the natural levee. At two locations, river miles 43 and 43.7, the roadway along the crest of the 
natural levee, was breached due to overtopping. After the 2011 flood, culverts were placed at the breach at 
river mile 43 and the roadway was repaired. The site located at river mile 43.7, which is adjacent to an 
obsolete water control structure, continued to evolve through the natural forces of river flow. Although, at this 
site, river flow was captured by two pre-existing canals that were created for the water control structure, it 
was the headward erosion across a forested bar (that developed along the river) that allowed the channel to 
entirely breach to the Mississippi River in late February and early March 2012, at which time LPBF named it 
Mardi Gras Pass (MGP) (Figure 1). Since the breach of MGP to the river, there has been channel enlargement 
(Boyd et al. 2013a) and relative increases in captured river discharge during times of elevated river stage. The 
development of a new distributary of the Mississippi River has garnered much interest from many 
organizations and agencies and numerous media tours have been conducted (Figure 2). This report 
summarizes the geomorphic, hydrologic, sediment distribution, and biologic monitoring of MGP since its 
inception in 2012 through December 2013. 
 

 
Figure 1: Location of Mardi Gras Pass in the Pontchartrain Basin and the Bohemia Spillway. 
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Figure 2: Louisiana Governors Coastal Advisory Commission at MGP on August 1, 2012. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Page 15 of 92 
 

Observed Channel Dimensions and Geomorphic Processes of Mardi Gras Pass 
LPBF is conducting ongoing monitoring of the changing morphology of MGP. We have defined MGP as 

extending from the Mississippi River to the Back Levee Canal. This is justified in that the new or pre-existing 
canals that are part of MGP do not have previous names on U.S. Geological Survey (USGS) quad maps. In 
addition, from a hydrologic standpoint, MGP is behaving as a single channel because of the trend toward more 
uniform channel dimensions. From a navigation standpoint, MGP is a single navigable channel connecting two 
navigable waterways. In spite of the unifying aspects of MGP, it is in fact a hybrid of two pre-existing, small 
canals (reaches 2 and 4) , and two new channels developed since 2011 by the natural, unfettered forces of 
Mississippi River flow (Reaches 1 and 3) (Figure 3). Reaches 2 and 4 began as small man made canals, but have 
changed dramatically and are displaying characteristics of natural waterways. All four reaches now behave as a 
single hydrologic feature and navigation waterway.  

 

 
Figure 3: Mardi Gras Pass is delineated and the four reaches are identified. Reaches 2 and 4 were pre-existing canals from 
a defunct diversion and reaches 1 and 3 were newly formed during the 2011 flood. 

The Rosgen stream classification is a standard geomorphic tool to categorize streams or rivers of all 
types in all natural terrains (Rosgen 1994). MGP had average dimensions of 77.9 feet in width and 9.6 feet in 
depth in August 2012, but has enlarged since that time. Based on the August 2013 average dimensions of 95.8 
feet wide and 13.4 feet deep, MGP is a classified as G6 in the Rosgen stream classification, which reflects a 
relatively deep channel compared to widths (ratio w:d <12) with a low channel slope. This classification is 
sometimes less formerly described as a gully type channel. Observed geomorphic/stream processes in MGP 
include: headward erosion, bank erosion/slumping, base channel erosion, scour holes, logjams, sinuosity, 
eddies, waterfalls, and standing waves. 

Following the emergence of MGP as a continuously flowing channel in March 2012, LPBF initiated a 
monitoring program in April 2012 (Figure 4). Following a preliminary bank survey in April and May 2012, LPBF 
has conducted bank and bathymetry surveys in August 2012, September 2012, January 2013, March 2013, and 
August 2013, along with a bathymetry only survey in May 2013. Also, in March 2012, an equipment training 
survey was conducted of the banks of Reach 1 which yielded some useful data.  
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Figure 4: En route to Mardi Gras Pass for a bathymetry survey. Pictured back row, left to right: Andreas Moshongianis, Dr. 
Theryn Henkel, Andy Baker, Eva Hillmann. Front Row, left to right: Dr. Ezra Boyd, Tshering Gurung and João Pereira, 
picture taken by Dr. John Lopez 

Mardi Gras Pass Channel Evolution 

Data Collection and Processing 
All bank and bathymetry survey points were obtained using a Trimble Geo Explorer 6000 GeoXR GPS 

unit with Zephyr Model 2 GNSS receiver attached. Capable of Real Time Kinematic (RTK) data collection, this 
survey grade GPS system provides latitude, longitude, and elevation (XYZ) of land locations with a high degree 
of precision. When coupled with the boat mounted fathometer (SonarMite Echo Sounder), depth 
measurements can also be added to the XYZ data. The elevation of the water bottom can then be calculated 
using the elevation and depth measurements. 

Throughout 2012 and 2013, LPBF scientists used the GPS unit and receiver to complete bank surveys of 
MGP (Table 1). For Reaches 1 – 3, where MGP curves and meanders, points where obtained at the significant 
bends in the bank. A small number of bends were either inaccessible or tree coverage blocked the GPS signal. 
For Reach 4, the original receiving canal for the now defunct Bohemia Diversion (four box culverts), the banks 
are relatively straight (except for three sections of scour and widening) and survey points were obtained every 
~300 ft. At the scour sections, 3 - 4 points were obtained on each bank. Each point consisted of latitude, 
longitude, and elevation. After the field data collection, these points were imported into a GIS and a polygon 
feature was manually drawn based on the bank survey points (i.e. connecting the dots). This polygon feature 
represents the surface extent of MGP for each survey period. 
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Table 1: Dates of bank and bathymetry surveys of Mardi Gras Pass, March 2012 – May 2013. 

 
 

On the survey dates listed in Table 1, LBPF scientists completed bathymetric surveys with the 
fathometer mounted on the front of a 14 ft. flat boat and run in “Continuous Topo” mode. While traveling 
different paths up and down the pass, the unit recorded latitude, longitude, elevation of the fathometer 
(approximately 1 ft. below the water surface), and depth (measured by the fathometer) for each point along 
the five survey paths. The unit automatically calculates the “depth applied elevation”, which is the elevation of 
the water bottom (elevation of fathometer minus the depth). Occasionally, additional survey points were 
obtained in the Back Levee Canal, in a small canal that parallels a sand bar along the river, and in the 
Mississippi River. Of note, early surveys of Reach 1 lacked full coverage due to downed trees blocking Reach 1 
of the Pass. As erosion and water flow cleared Reach 1, more complete surveys of Reach 1 were possible at 
later dates. Figure 5 shows an interpolated depth surface generated from the August 2013 survey points. It 
also labels the four reaches of the pass used in the analysis of our survey data. Readers seeking further 
information are referred to the prior reports on MGP and the larger report on the Bohemia Spillway, all of 
which are available for download at www.saveourlake.org.  
 

 
Figure 5: Mardi Gras Pass interpolated bottom surface, based on a bathymetric survey completed on August 23, 2013 and 
a bank survey completed in August 22 2013. The interpolated surface was generated using Spatial Analysis Toolbox in 
ArcGIS 10. Background 2008 CIR imagery provided by Greater New Orleans Regional Planning Commission. 

Survey Date Banks Bathymetry Notes

March 10, 2012 Reach 1 Only No Initial, training survey

April 19, 27 & May 18, 2012 Yes Yes Most of Reach 1 inaccessible for Bathymetry

August 13, 2012 Yes Yes Most of Reach 1 inaccessible for Bathymetry

September 14 & 20, 2012 Yes Yes Most of Reach 1 inaccessible for Bathymetry

January 15 & 18, 2013 Yes Yes Most of Reach 1 inaccessible for Bathymetry

March 6 & 7, 2013 Yes Yes Limited access to Reach 1 for Bathymetry

May 29, 2013 No Yes Limited access to Reach 1 for Bathymetry

August 22 & 23, 2013 Yes Yes Limited access to Reach 1 for Bathymetry

http://www.saveourlake.org/
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Data Analysis 
To interpret this data, a series of basic geoprocessing steps were completed in the GIS system to 

obtain summary information describing the width and depth of MGP. Essentially, these steps involved breaking 
the pass into distinct, non-overlapping segments and then assessing the observed widths and depths for each 
segment. 

To assess the width of MGP at various locations, the “Center Line” of the pass was automatically 
generated using a geoprocessing algorithm and the bank outline polygon described above. Next, 48 evenly 
spaced points where automatically generated along the center line, with two additional points at either end. 
Transects crossing each bank of the Pass were drawn for each point, which were then clipped by the Pass 
outline. Finally, the length of each transect was automatically calculated, so that the length of transects 
represented the width of the Pass for each transect location. Note that these transects connect edges of the 
hand drawn polygon feature (an interpolated generalization of the bank), and not the actual bank survey 
points. 

To assess the depths through MGP, points along the centerline were generated every 33 ft. and for 
each point a rectangle 33 ft. long was drawn and snapped to the centerline points. Where bends and other 
irregularities were present, the rectangles had to be manually adjusted into a three or four sided irregular 
polygon. After clipping the set of rectangles by the pass outline, the resulting polygon layer divided the entire 
pass into a set of evenly spaced, non-overlapping polygons. Next, a spatial join calculated summary statistics 
(minimum, maximum, and average) for each point within a polygon and joined those values to the 
corresponding polygon. In addition to the basic automatically generated statistics, the thalweg depth (the 
deepest, continuous line along the length of the pass) was calculated as the average of the deepest five depth 
measurements for each polygon. These attributes for the polygon layer provide a generalized summary of the 
depths observed in the pass, with the calculated thalweg depth providing insight on the navigability of the 
pass.  

Survey Results 
Table 2 lists the summary statistics for width and depth on all survey dates, Figure 6 shows the trend 

in the changing width, depth and thalweg measurements and Figure 7 shows the trend of increasing cross 
sectional area. The data shows the changing morphology and development of MGP as a distributary channel of 
the Mississippi River. Our survey data indicates modest rates of expansion and deepening.  

From May 2012 to August 2013, the average width increased 18 ft., from 77.5 ft. to 95.8 ft. Most of 
this trend has been driven by expansion of Reach 1. Essentially non-existent prior to the 2011 flood, Reach 1 
has doubled from its initially measured average width of 51.2 ft. in March 2012 to 105 ft. in August 2013. 
Similarly, the thalweg depth has increased 4.5 ft., from 12 ft. in May 2012 to 16.5 ft. in August 2013. 
Deepening appears to occur along the entire length of the Pass, though the rate is largest in Reach 1, which 
deepened 5.5 ft., from 6.8 ft. in May 2012 to 12.3 in August 2013. 
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Table 2: Summary statistics for Mardi Gras Pass, based on LPBF bathymetry and bank surveys March 2012 – August 2013. 
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Figure 6: Time series of the average depth, average width, and thalweg of Mardi Gras Pass, April 2012 – August 2013. 

 

 
Figure 7: Time series of the approximate cross sectional area (ft

2
) of Mardi Gras Pass, May 2012 – August 2013. Note that 

cross sectional area is approximated as the average width times the average depth. 
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Geomorphic Processes 
 Different geomorphic processes have been, and continue to be, observed throughout the 
development of MGP. Below is a list and description of these observed processes. These are qualitatively 
described and illustrated with photographs and other observational methods. 
 

Headward Erosion  
Headward erosion (Figure 8-Figure 12) was observed as a near vertical erosional escarpment that 

migrated up-current across the forested river bar leaving behind the escarpment (down current) a channel 
approximately seven to eight feet deep below the top of the river bar (Reach 1), which itself is 2.5 to 4 feet 
NAVD. The channel width was 20 to 40 feet near the escarpment. Headward erosion across the bar (~200 feet 
wide) first began at the end of the high water in June and July of 2011. The process halted during low water in 
2011 until December when the river rose again above 3.5 feet and overtopped the bar. The process continued 
until early March 2012 when the headward erosion reached the active flowing bank of the Mississippi River. 
The headward erosion process completed the breach of MGP to the Mississippi River.  

 

 
Figure 8: Waterfalls cascading over the leading edge of the headward erosion escarpment on February 8, 2012, just weeks 
before breaching to the river (David Muth with The National Wildlife Federation observing). 
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Figure 9: Map of water depths or approximate depth below the erosional bank of Reach 1 February 24, 2012 just as Mardi 
Gras Pass breached to the Mississippi River. 

 
Figure 10: Escarpment of Mardi Gras Pass as it reached the Mississippi River on February 24, 2012. The escarpment was 
created by progressive headward erosion across the forested bar toward the river. 
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Figure 11: Escarpment of Mardi Gras Pass as it reached the Mississippi River on February 24, 2012. The escarpment was 
created by progressive headward erosion across the forested bar toward the river (Dr. John Lopez pictured at edge of the 
escarpment, Dr. Theryn Henkel in foreground). 

 
Figure 12: Mardi Gras Pass breached to the river sometime between February 24 and March 10, 2012 through the 
headward erosion process (pictured from left to right: Andrew Baker, Dr. Theryn Henkel, Dr. Ezra Boyd and Dr. Lopez, 
LPBF scientists). 
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Bank Erosion  
Bank erosion (Figure 13-Figure 17) was evident from the steep parallel banks of all reaches. Lateral 

erosion cut more effectively below root zones and often root mats of trees stuck prominently outward and 
over the cut bank. Continued erosion caused slump blocks to collapse into the channel by rotating and shifting 
toward the channel. Trees were progressively undermined and collapsed into the channel with the top of the 
trees falling inward to the channel, and often with the roots still partly intact at the bank. Side scan sonar of 
the channels shows slumps and trees within the channel (Figure 17).  

 

 
Figure 13: Reach 1 of Mardi Gras Pass at the river where trees initially bridged across the channel, June 29, 2012. 
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Figure 14: Reach 1 of Mardi Gras Pass at the river, August 13, 2012. 

 
Figure 15: Collapse of slump and tree root ball due to undercutting and bank erosion in Reach 1 of Mardi Gras Pass, 
January 23, 2013. 
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Figure 16: Slumps in Reach 3 of Mardi Gras Pass on the south bank at the road, May 30, 2012. 

 

 
Figure 17: Slump blocks on the right bank of Mardi Gras Pass as imaged on side scan sonar in Reach 4. 
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Vertical Degradation and Aggradation  
 The base of the MGP channel eroded downward during high flow due high river stage but also slightly 
from Hurricane Isaac storm surge. During low flow in 2012, the channel became shallower by aggradation 
(deposition). However, it was observed that parts of Reach four were behaving differently. At the north end of 
reach for, channel dimensions were not changing at the same rate as the rest of Reach 4 or the rest of MGP. 
This part of Reach 4 acts as a narrow and shallow constriction point when compared to the rest of MGP. 
Therefore, Reach 4 was divided into two reaches, Reach 4a and 4b, so they could be studied separately. Reach 
4a is the narrow portion which runs from the top of Reach 4 (near the river) to the first large scour hole. The 
first scour hole marks the beginning of Reach 4b which extends the rest of the length of Reach 4 to the Back 
Levee Canal. These changes can be seen by plotting widths and depth over time (Figure 18). The graph shows 
the average widths and depths for each reach for all survey dates through 2013. Note that all four reaches 
have an initial depth (labeled start) on May 2012 which shallows by the next survey date in August 2012. This 
represents deposition or aggradation during low water and therefore low discharge through the channel. The 
data suggest that the channel in-filled closest to the river (Reach 1, 3.6 feet; Reach 2, 1.4; Reach 3, 1.2 feet; 
and Reach 4, 0.4 feet). The next survey period between August 2012 and September 2012 had slight 
deepening of the channel even during low water, but this period included Hurricane Isaac. Wrack and other 
indicators clearly showed that MGP experienced high water and moving surge from Hurricane Isaac. 
Apparently surge also re-opened the channel slightly by removing the recently deposited sediment during low 
water. Future points on the graph show positive correlations of increasing width and depth, and the trend 
toward more uniform dimensions of the four reaches.  
 

 
Figure 18: Graph of average widths versus average depths in Mardi Gras Pass between May 2012 and August 2013. Graph 
illustrates overall growth of the reaches, and the trend toward more uniform dimensions (end points). Reach 4 is less 
instructive since it includes Reaches 4a and 4b which behave very differently. See the Hydrology section for a complete 
explanation on the divergent evolution of Reaches 4a and 4b. 



 

Page 28 of 92 
 

Scour Holes  
Approximately seven scour holes are present in MGP (Figure 19-Figure 22). Reach 2 has three scour 

holes, Reach 3 has one and Reach 4 has three. There is also a scour hole in the Back Levee Canal where MGP 
flows into the canal. The scour holes are deeper and wider than the average dimensions of the corresponding 
reaches. Reach 4 has the most pronounced scour hole, located at the transition from Reach 4b to Reach 4a. 
Recent surveys in January 2014 show the maximum depth of this scour hole is approximately 34 feet and the 
width approximately 150 feet. There is a dramatic change in flow patterns between the Reaches 4a and 4b. 
The flow in Reach 4a is more laminar or unidirectional and less variable in velocity. Occasionally there are 
some standing waves, and there are no large eddies. At the end of Reach 4a, which is at the scour hole in 
Reach 4b, water flow becomes much more turbulent and complex. Several large eddies are normally present 
with significant turbulence and upwelling, with some back flow toward the river. The flow patterns clearly 
relate to the change in channel dimensions between the two reaches, which is a narrow shallow constricted 
channel discharging into a deep and wide scour hole.  

 

 
Figure 19: Side scan sonar image of scour hole in Reach 4 (2012 survey). Note the widening of the channel and presence 
of slumps and trees. 
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Figure 20: Transition from Reach 4b to 4a, August 13, 2013. Reach 4b is nearer and can be seen to wider than reach 4b in 
the distance. Also note the extra width just before the narrowing where a large scour hole is located.  

 

Figure 21: Scour hole in Reach 4b at the start of reach 4a, August 13, 2013, during low water. 
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Figure 22: Scour hole in Reach 4b at the start of reach 4a, June 26, 2013, during high water. Note the change is surface 
water from turbulent in reach 4b to smooth in Reach 4a. 

Log Jams  
Log jams were dominantly caused by black willow with still fresh green canopies falling into MGP. The 

log jams were primarily located in Reach 1 where black willow forest is present on the river bar. These trees 
were observed to be falling into the channel due to headward erosion and bank erosion (Figure 23). Therefore, 
it is clear the source of the trees in the log jams was in situ, and due to the expanding channel of Reach 1. 
Occasionally some lumber floated in from the river and contributed to the logjams. Surveys were conducted in 
Reach 1 of the trees in log jams on June 20 and September 14, 2012. A survey of the upright trees within 25 
feet of the bank was also conducted June 20, 2012. Although estimates of the trees in log jams was subjective, 
visual estimates indicated there were 80 to 100 trees within log jams of Reach 1 (Figure 24 andFigure 25). In 
the survey of upright trees within 25 feet of the bank, 330 trees were located and measured (Figure 26). 
Between June 20, 2012, when the upright tree survey was conducted, and our August 22, 2013 survey, 168 
trees (51%) fell into MGP due to channel expansion and erosion (Figure 27). Clearly, the forest erosion was 
sufficient to account for the log jams and also suggested many trees were washing out downstream. Indeed, 
willow trees were found as far away as the Back Levee Canal during the course of various surveys. The log jams 
appeared to significantly impede flow in Reach 1 during its early development. Initially the channel was less 
than 60 feet wide. The average tree height was found to be 35 feet. However, many trees were taller than this 
with a maximum height of 70 feet, and as expected many trees initially bridged across the entire channel width 
of Reach 1. This bridging prompted more logs to collect and impede flow. By December 2013, the log jams 
were much thinner and allowed increasing ease of boat navigation through Reach 1. However, starting in the 
fall of 2013, as boaters began to use MGP, evidence of saw or machete cuts was found, and so the channel 
was, in part, being artificially cleared of trees. 
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Figure 23: Erosional bank in Reach 4 of Mardi Gras Pass, August 13, 2013. 

 
Figure 24: Visual estimates of downed trees within log jams of Mardi Gras Pass on July 20, 2012. A second survey was 
conducted on September 14, 2012 and found a similar count and distribution of trees. 
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Figure 25: NOAA aerial photography from September 3, 2012 (post Hurricane Isaac) illustrating the log jams in reach 1 of 
Mardi Gras Pass. 

 
Figure 26: There were 330 trees mapped within 25 feet of the bank of Reach 1 of Mardi Gras Pass on June 20, 2012. 
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Figure 27: Trees that fell into Reach 1 of Mardi Gras Pass between June 20, 2013 and August 22, 2013 are shown in 
yellow. There were 168 trees or 51% of the trees that fell into Mardi Gras Pass by August 2013, indicating significant 
channel expansion and erosion. These trees contributed significantly to logjam formation in Reach 1, which changed 
water flow dynamics locally.  

 

Surface Erosion  
Some surface erosion was noted across the forested bar. This was evident by shallow depressions 

which often exposed roots of the black willow trees (Figure 28). No elevation surveys were conducted across 
the top of the bar to document the extent of denudation. 
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Figure 28: Slight denudation of the river bar near Reach 1 of Mardi Gras Pass due to overtopping, March 10, 2012. 

Unpermitted Filling of the Channel  
During the summer of 2012, it was observed there was some placed fill in Reach 3, where the road was 

initially breached (Figure 29Figure 32). Track marks indicated the presence heavy equipment, and the 
erosional bank was covered in fresh, unconsolidated fill on the north side of the breach. An additional artificial 
filling event is suggested by Figure 18 which shows that between August and September 2012, Reach 3 
narrowed. The depth in Reach 3 did not change with this narrowing, suggesting that this was an artificial filling 
event and not natural deposition that occurs during low water, which, in the past, shallows and narrows the 
channel. It is also worth noting that this is the only narrowing of any of the reaches, which has otherwise been 
widening over time.  
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Figure 29: Erosional bank at Reach 3 of Mardi Gras Pass at the north side of the breach in the road before placement of 
fill, July 10, 2011. See picture below of the same area with apparent fill. 

 
Figure 30: Apparent placed fill in Reach 3 of Mardi Gras Pass at the north side of the breach in the road, March 10, 2012. 
See above picture of the area before placement of fill. 
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Figure 31: Apparent placed fill in Reach 3 at the north side of the breach in the road, March 14, 2012. Note the burial of 
the erosional bank. 

 
Figure 32: Apparent placed fill in Reach 3 of Mardi Gras Pass at the north side of the breach in the road, March 14, 2012. 
Note the burial of the erosional bank. 
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Accreting Banks  
Accreting banks were observed in the Back Levee Canal near MGP (Figure 33). Future study will 

attempt to document the aggradational processes downstream of MGP.  
 

 

Figure 33: Accreting mud flat and marsh edge in the Back Levee Canal (foreground) immediately north of Mardi Gras Pass 
(channel opening behind mudflat in picture), August 13, 2013. 

 Geomorphology Discussion 
 The dynamic geomorphic processes in MGP are affected by many different factors that either enhance 
or hinder channel enlargement. Since May 2012, the channel has continued to enlarge, but not uniformly, 
along its length. However, the enlargement was punctuated by periods of sediment deposition during low 
water events, which was subsequently re-distributed during high water. The dominant geomorphic process 
that created MGP was headward erosion which migrated up current from the marsh side, during flood events, 
until it reached the Mississippi River and a permanent connection was established. Subsequently, there have 
been numerous processes that have contributed to the continued expansion of MGP. These processes include 
bank erosion, the development of scour holes, vertical degradation, and surface erosion. There were other 
processes that hindered or delayed channel enlargement, including log jams (especially in Reach 1), vertical 
aggradation (or deposition), unpermitted channel filling and bank stabilization, and bank deposition. These 
geomorphic processes observed working at MGP reveal that new channel development is a complicated 
process and there is not one dominant factor that determines the rate of change. In fact, there are many 
processes that are working in concert to enlarge the channel, while at the same time there are other processes 
that impede channel development. Since understanding these processes has important implications for future 
restoration projects in southeast Louisiana, changes in channel development will continue to be monitored in 
the future.  
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Hydrologic Evolution of Mardi Gras Pass 
 

Hydrologic Evolution of Mardi Gras Pass area 2007 through 2010 (Pre-breaches) 
LPBF first began reconnaissance monitoring of the hydrology of the Bohemia Spillway in 2007. Every 

year since 2007, the road has been observed during high water at the location where MGP breached in 2011. 
There are two constructed hydrologic features at this location along the road. One is a concrete box culvert 
control structure built in 1970 (Figure 34). The control gate structure is adjacent and west of the road (river 
side). The concrete culverts also pass below the road and discharge east of the road (marsh side). Complicating 
this hydrologic setting is the second hydrologic feature, round metal culverts passing below the road but above 
the concrete box culverts. The metal culverts appear to have been in place on aerial photography in 1998, but 
known to have been replaced in 2006 and 2008 after being washed away during Mississippi River high water. 
Both the box culverts and the round metal culverts discharge on the marsh (east) side of the road. Below is a 
summary of observations from 2007 to 2010 taken in the area where MGP developed during the 2011 
Mississippi River flood.  

 
Figure 34: Date stamp of 1970 on the scour protection feature against discharge from the concrete box culverts. Note the 
round metal culverts which overlie the concrete culverts. Picture taken during low water in 2008. 

2007 - In May of 2007, discharge was observed flowing through the four metal culverts. Water was also 
observed flowing around the concrete box culverts, but not over the overtopping weir. There was no 
significant washout of the road, and the culverts were not affected. A CWPPRA field trip was conducted into 
Bohemia Spillway in 2007 (Figure 35) and visited the site of the culverts. Maximum stage at Pointe a la Hache 
was 4.7 feet. 
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Figure 35: May 3, 2007 CWPPRA representatives on a field reconnaissance for the proposed CWPPRA diversion at the 
Nester Canal within the Bohemia Spillway a few miles downriver. Location of the picture is upriver from Nester Canal at 
the box culverts adjacent to the location of the Mardi Gras Pass breach of the road in 2011. 

2008 - The round metal culverts were washed out due to Mississippi River flow scouring around the culverts. In 
addition, there was flow over topping the road immediately south of the location of the culverts. The 
overtopping occurred very close to, but not precisely at, where the future breach of Mardi Gras Pass occurred 
in 2011 (Figure 36Figure 39). Maximum stage at Pointe a la Hache was 7.46 feet. 
 
2009 - There was modest discharge through the round metal culverts and some overtopping of the weir of the 
box culverts. An elevation survey of the box culverts was conducted. A large area seemed to be cleared and 
graded in the vicinity of the future Mardi Gras Pass breach in 2011. The road did not breach or wash out the 
culverts. Maximum stage at Pointe a la Hache was 7.36 feet. 
 
2010 - Modest flow discharged through the culverts and overtopped the box culverts. The road did not breach 
or wash out the culverts. On May 20, 2010, a crane was on site and attempted to open the box culverts by 
force. This was done for the state’s directive to maximize diversion flows during the height of the BP oil spill in 
attempt to reduce oil spill impact to marsh. Maximum stage at Pointe a la Hache was 6.38 feet. 
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Figure 37: Map of 2008 flood observations in the vicinity of Mardi Gras Pass. 

 
Figure 38: Over flight of the Mardi Gras Pass area during 2008 high water. Note the presence of the forested lateral river 
bar. 
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Figure 39: Over flight of the Mardi Gras Pass area during 2008 high water. Arrows indicate direction of flow. 

Hydrologic Evolution of Mardi Gras Pass area 2011 to 2013 
In 2011, an intense hydrologic survey of the entire Bohemia Spillway Road was conducted during the 

2011 high water event in May and June (Lopez et al. 2013). During this survey two breaches were discovered 
across the road through the Bohemia Spillway. Figure 40 is a picture of the road breach (~50 feet wide) on May 
21, 2011 during the height of the flood. Deep incision was not complete because LPBF staff were able to walk 
around the road breach on the upstream side of the road. Figure 41 shows maps of the water flow during the 
height of the flood in the vicinity of MGP showing analysis that suggests that the breach had flow of less than 
1,000 cubic feet per second (cfs) during the height of the flood in the pre-MGP condition.  

 
Figure 40: Mardi Gras Pass breach across road May 21, 2011, visually estimated to be ~50 feet wide. 
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Figure 41: Summary maps of 2011 flood survey of the Mardi Gras Pass vicinity. The blue arrow is where the Mardi Gras 
Pass breach eventually developed. At the height of the 2011 flood, velocity and depth of overtopping flow was observed 
near Mardi Gras Pass at five points: 0 ft./sec, 4.0 in; 2.21 ft./sec, 6 in; 0.57 ft./sec, 18 in; 2.54 ft./sec, 15 in; and 3.97 
ft./sec, 10 inches deep. The reach in the map is 1,372 feet long and was estimated to have a total of 560 cfs of 
overtopping flow during the height of the 2011 flood (see Lopez et al. 2013 for more details).  

 LPBF staff returned to the area on July 10, 17, and 24, 2011 after the peak river stage and discovered 
one of the breaches had significantly greater flow than the prior month even though river stage was lower. 
Investigation revealed that the breach had enlarged significantly at the road, and channels were actively 
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incising into the forested river bar. Visually, it appeared that flow in July surpassed the flow observed in May, 
2011. A more detailed examination of the developing morphology of the initial road breach was conducted. 
The channel width had doubled from the initial observations, and the incision below the road was nearly 20 
feet deep (Figure 42 andFigure 43). Continued incision across the forested bar in 2012 would connect the river 
to a continuous channel of depth at or below sea level, which would then become a continuous and free-
flowing distributary of the Mississippi River. The maps and pictures below (Figure 43Figure 52) illustrate LPBF’s 
interpretation of the developing distributary channel, later named Mardi Gras Pass.  
 

 
Figure 42: Breach of Mardi Gras Pass through the road after the river began to fall from the high water in 2011, July 10, 
2011. The breach on this date was 130 feet wide and had a maximum depth of 20 feet (~24 feet below the road surface).  

 
Figure 43: Profiles of the road blow out during July. Approximate profiles were based on water depths using marked PVC 
pole from a boat and visual estimates of distance from the bank. Surveyed elevation of the road is ~7 feet NAVD and the 
road was 3 to 4 feet above the water surface. 
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Figure 44: Downed willow trees due to headward erosion into the land side of the river bar on the tail end of high water, 
July 17, 2011. The erosional escarpment typically had 6 to 8 feet relief from head to base. 

 
Figure 45: The advancing headward erosion escarpment is on the right and the Mississippi River is on the left. One of 
these small channels reached the Mississippi River by March 2012 by advancing approximately 200 feet over nine months. 
Most of the advancement occurred during high-water from December 2011 to February 2012.  
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Figure 46: Waterfalls occurred briefly on the river bar when the river fell low enough to reduce discharge into the marsh, 
thereby allowing marsh water level to be near normal. Since the river was still overtopping the river bar, the waterfalls 
occurred at the head ward erosion escarpment, July 24, 2011.  

 

 
Figure 47: Waterfall located at Reach 1 of Mardi Gras Pass with Andrew McGuiness (US Corps of Engineers), July 24, 2011. 
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Figure 48: Reach 1 of Mardi Gras Pass with the Mississippi River in the distance as it breached to the river. 

 

 
Figure 49: Mardi Gras Day, February 21, 2012, as Mardi Gras Pass breached to the river. Note the field scientist holding a 
ten foot pipe into the channel where depths were 6 to 8 feet. 
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Figure 50: Waterfalls occurred on the erosional escarpment as Mardi Gras Pass reached to Mississippi River bank. On this 
day, large schools of pogy or Gulf menhaden (Brevoortia patronus) were in Mardi Gras Pass, and were be eaten by river 
otters. 

 
Figure 51: Progression of Mardi Gras Pass advancing across the river bar from July 2011 to March 10, 2012. Yellow arrows 
track the progression of the escarpment across the river bar as it moved towards the river through the process of 
headward erosion.  
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Figure 52: By late February or early March 2012, the thalweg elevation of Mardi Gras Pass was negative at the river and 
throughout its length, and was no longer ephemeral. Mardi Gras Pass became a free flowing distributary of the Mississippi 
River. Pictured on March 10, 2012, the first day a complete connection to the river was observed, is, from left to right: 
Andrew Baker, Dr. Theryn Henkel, Dr. Ezra Boyd, and Dr. John Lopez. 

Acoustic Doppler Current Profiler Surveys 
Acoustic Doppler Current Profiler (ADCP) surveys were conducted to accurately measure the discharge 

flowing through MGP as the river and channel conditions changed. The University of New Orleans (UNO) was 
contracted to conduct the surveys. Each survey generated a field report of that survey which can be found at 
www.saveourlake.org. All reported discharge measurement for MGP were surveys taken in Reach 4 which 
captures all flow of MGP.  
 

Methods 
 LPBF sub-divided MGP into four reaches (1-4) extending from the Mississippi River to the Back Levee 
Canal (Figure 53) (Lopez et al. 2013). More recently, Reach 4 was sub-divided into Reaches 4a and 4b due to 
observed differences in the evolving channel geomorphology. By frequent field observation in floods of 2011, 
2012 and 2013, it was determined that some occasional overland flow occurs adjacent to reaches 1, 2, and 3 
under higher water conditions. Therefore, it is only Reach 4 (4a and 4b) that captures all of the flow attributed 
to MGP in all river stages, and so discharge measurements were made in Reach 4 for all ADCP surveys. One 
survey exception is that, at the very earliest breach of MGP into the river in March of 2012, velocity and 
channel measurements were made at Reach 1 at the river. At that time, all MGP flow was in-bank and so, 
based on the channel profile (A) and velocity measurements (V), discharge (Q) was estimated simply by the 
formula Q=V*A.  

file://lpbf-PB01/data/users/Theryn/MGP/Report%20Sections/www.saveourlake.org
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Figure 53: Aerial photograph of Mardi Gras Pass with reaches identified, May 5, 2012. 

 Subsequently, LPBF contracted with UNO to conduct ADCP surveys. To measure flow, UNO used a 
vessel-mounted ADCP in tandem with a differential global positioning system (DGPS, Trimble GS232). The 
surveys followed a pre-determined transect, targeted mainly to establish a flow balance within Reach 4b of 
MGP. Surveys were all conducted during the day for safety and convenience, regardless of tidal conditions. 
Based on prior investigations within the Bohemia Spillway, it would be expected that astronomical or wind 
driven tidal change in the marsh would alter the discharge through MGP due to changes in the head between 
the river and the receiving marsh area (Lopez et al. 2013). Based on this prior work and the current study, the 
normal astronomical tidal influence is estimated to be less than 10% of the discharge through MGP when the 
river is above 3 feet NAVD at Pointe a la Hache. During the summer of 2012 when the river was very low, the 
discharge was observed on several occasions to be reversed, i.e. flowing into the river. No ADCP 
measurements were taken during these periods of flow reversal, but based on velocity and channel 
measurements, the discharge was estimated to be less than 500 cfs, discharging from the marsh side into the 
Mississippi River in 2012. 
 During two of the ADCP surveys in 2013, a more extensive hydrologic survey was conducted by 
measuring flow into the receiving Back Levee Canal and adjacent bayous and canals. UNO used the same 
instrumentation and procedures as the ADCP measurements in Reach 4b. These ADCP surveys also 
corresponded to suspended sediment analyses over the same outfall area (Sediment Distribution section, this 
document). Individual ADCP field reports and other MGP data may be found at www.saveourlake.org. 

During the summer of 2012, a saltwater wedge developed in the Mississippi River. Due to threats to 
municipal water supply the Corps constructed a sill at RM 63.7 to stop the movement up river. On August 23, 
2012, MGP was observed to have modest flow from the river into the marsh. Salinity of the water flowing from 
the river was measured to be 1.2ppt. At this time the wedge was up-river of MGP, and so presumably the 
unusual salinity was due to mixing above the salt water wedge.  

Another phenomenon was the transient effect on MGP by passing ships within the Mississippi River 
(Figure 54). After the ships passage, waves from its wake would overflow the river bank and water levels 
would rise approximately ½ foot. A pronounced increase in velocity and discharge would occur within MGP. In 
addition, turbidity would temporarily increase. The hydrologic effect would last no longer than five minutes.  

file://lpbf-PB01/data/users/Theryn/MGP/Report%20Sections/www.saveourlake.org
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Figure 54: Time-lapse photographs taken a few minutes apart illustrating the effect of a passing ship to elevate water 
levels, discharge and turbidity through Mardi Gras Pass. Top photograph shows the ship passing (Mardi Gras Pass 
unaffected at this point) and the bottom photograph shows the effect of the wake created by the ship that has already 
passed. 

ADCP Discharge Analysis 
Figure 55 displays river stage at the Pointe a la Hache and Carrollton gauges from 2011 to summer of 

2013, when MGP was evolving. The measured discharges from the ten ADCP surveys and one velocity estimate 
made in the field (earliest) are also presented. Discharge ranged from 100 cfs (earliest measurement based on 
velocity) to 3,840 cfs during the peak river stage in 2013. The lowest ADCP survey was 436 cfs at the onset of 
Mississippi River low water during the summer of 2012. Table 3 shows the dates of the ADCP surveys as well as 
the discharge and stage at Pointe a la Hache. 
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Figure 55: Hydrographs of the Mississippi River at Carrollton and Pointe a la Hache gauges. Mardi Gras Pass discharge 
observations are annotated in black (cfs) and dates of the sediment surveys are in orange. 

Table 3: Discharge details from each survey (1-10) with statistics and stage (ft.) at West point a la Hache. 

 

 This data was used along with knowledge of the evolving geomorphic conditions and observed flow 
patterns to develop an interpreted rating curve (Figure 56). On the rating curve, three flow regimes are 
inferred relative to approximate river stage at Pointe a la Hache. The three MGP Flow regimes are: 

 “Bi-Directional In-bank Flow” 0.6 to 2 feet river stage 
 MGP was observed to have in-bank flow, and discharge was generally flowing from the river but 
occasionally was observed to be flowing into the river. The flow reversal was generally driven by 
unusual wind or astronomical tides during low water on the river in the summer or fall. There was also 
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evidence of flow reversal (wrack) by storm surge during Hurricane Isaac in August 2012. However, a 
river buoy was found in Reach 4, which was charted in the river near Buras, indicating surge also 
moved from the river to the marsh.  

 “Unidirectional In-bank Flow” 2 to 3.7 feet river stage 
MGP has in-bank flow only and it is unidirectional, flowing from the river to the marsh (rate ≈ 135 cfs 
per foot of stage). 

 “Unidirectional In-bank Flow & Across River Bar” 3.7 to 7.6 feet river stage  
The bank of Reach 1 of MGP is overtopped, and the adjacent forested river bar is also overtopped. The 
overtopping of the bar increases discharge and that is reflected in the change in the slope of the rating 
curve. With overtopping at Reach 1, there is a 10-fold rate of increase of discharge per unit of rise of 
the river (rate ≈ 1000 to 1500 cfs per foot of stage). 
 

 
Figure 56: Rating curve for Mardi Gras Pass based on ADCP discharge measurements and stage at Pointe a la Hache. Two 
curves are suggested for rising and falling conditions for the two flood years of 2012 (black) and 2013 (red). The 
incremental shift of the curve to the right reflects increased flow capacity due to enlargement of the channel.  

 The black and red lines in Figure 56 are the inferred rating curves for the corresponding rising and 
falling hydrographs for the Mississippi River flood events in 2012 and 2013. One assumed constraint was that 
the rating curves would not cross, which would imply that MGP evolved at times from a larger to a smaller 
channel with lower potential flow. This is possible due to sedimentation that occurs locally during low water or 
from hurricane deposition, but was considered to be a transient phenomenon since rising water would quickly 
re-suspend recently deposited material. The rating curves illustrate incremental movement to the right over 
the course of the two flood years. Based on 2011 flood conditions, 7.6 feet is assumed to be the maximum 
stage level at Pointe a la Hache to occur due to river management by use of the Bonnet Carré Spillway and the 
Morganza Spillway upriver. The extrapolated curves imply that the maximum flow potential in 2012 was 4,200 
cfs and for 2013 is 5,200 cfs. These extrapolations are tenuous, but suggest an increase in maximum potential 
flow of 1,000 cfs attributable to one flood year. 
 In addition to the discharge measurements within MGP, on three occasions ADCP surveys were 
conducted in the network of canals or bayous in which MGP discharges. Figure 57Figure 59 are the mapped 
results of these surveys. It is significant to note that, on both occasions, the most distal ADCP discharge 
measurements within channels accounted for nearly all of the flow emanating from MGP (98% and 82%). This 
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is consistent with the field observation that MGP does not generate overland flow within the marsh. This is 
also consistent with the two turbidity studies conducted simultaneously by LPBF (Henkel et al. 2013). 
 

 
Figure 57: Results of ADCP survey on May 14, 2013 in Mardi Gras Pass and receiving basin. Yellow arrows are locations of 
ADCP surveys and resulting flow in cfs. All measurements conducted on vessel mounted ADCP. Each juncture was 
surveyed at least once. The junctures at Mardi Gras Pass and John Bayou were surveyed 4 to 5 times. 
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Figure 58: Results of ADCP survey on June 26, 2013 in Mardi Gras Pass and receiving basin. Yellow arrows are locations of 
ADCP surveys and resulting flow in cfs. All measurements were conducted on vessel mounted ADCP. Each juncture was 
surveyed twice including at Mardi Gras Pass. Transects in the Back Levee Canal and John Bayou were surveyed once. 

 
Figure 59: Results of ADCP survey on November 11, 2013 in Mardi Gras Pass and receiving basin. Yellow arrows are 
locations of ADCP surveys and resulting flow in cfs. All measurements were conducted on a vessel mounted ADCP, and 
while all sites were surveyed at least once, the junction at Mardi Gras Pass was surveyed four times.  
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Comparison Discharge and Channel Enlargement 
The “Observed Channel Dimensions and Geomorphic Processes of MGP” section of this report has 

details of the bank and bathymetry surveys conducted for MGP. Table 2 of that chapter summarizes all of the 
individual reaches and the averages of all reaches for width, depth ranges, and has estimates of the cross 
sectional areas (CSA). The average CSA of all four reaches in May 2012 was 703 sq. ft. and by August 2013 it is 
1,203 sq. ft., which is an average increase of 71%. Over the same two flood events (2012 and 2013), the rating 
curve (Figure 56) suggests that the hypothetical peak flow through MGP increased from 4,200 to 5,200 (23%). 
Although not a linear relationship, there seems to be a marked disparity in the small increase in maximum 
discharge compared to the CSA (23% vs. 71%). A more careful examination of the channel dimensions suggests 
an explanation for this disparity.  
 Figure 60 is a histogram of CSA for segments of the four reaches in MGP. The histogram helps 
characterize the individual reaches and is consistent with numerous field observations. Reach 1 has modest 
dimensions and has become fairly uniform in width and depth. Reach 2 and 3 have similar characteristics with 
modest scour holes and slightly larger widths than Reach 1. Reach 4a is markedly narrower and shallower than 
all other reaches (see oblique aerial photograph, Figure 61). At the downstream end of Reach 4a, there is a 
very large scour hole that is the start of Reach 4b. Reach 4b is characterized by the greatest widths and depths 
due to three scour holes along its length. The inference from the CSA distribution is that Reach 4a acts as a 
constriction during high flow periods. The CSA in reach 4a, for nearly the entire length, is less than 600 sq. ft.; 
whereas, the average CSA of the entire MGP is 1,203 sq. ft. Reach 4a is a distinct and continuous reach that is 
markedly different from the other reaches. Typical depths of Reach 4a are less than 8 feet, whereas the 
average depth of all four reaches in August 2013 is 13.4 feet. It seems likely that this narrow constriction is 
inhibiting flow, and it is the reason discharge lags behind the average channel dimension during the evolution 
of MGP through 2013. 
  

 
Figure 60: Histogram of the cross sectional areas (ft

3
) of short channel segments throughout Mardi Gras Pass. Note that 

Reach 4a has a distinctly smaller CSA than other reaches. 
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Figure 61: Oblique aerial picture of Mardi Gras Pass, July 23, 2013. Note the narrow channel of Reach 4a terminates at a 
large wide scour hole at the bottom left of the picture.  

The above findings lead to the question of why Reach 4a is behaving differently than the other four 
reaches. Figure 62 is a comparison of the CSA for Reaches 4a and 4b over time. Reach 4a and 4b initially 
behaved similarly, but most of this time was during low water when discharge and erosion were low. It seems 
most likely that the erodability of 4a is different than other reaches, but we have insufficient geotechnical data 
at this time to evaluate this hypothesis. In the meantime, 4a will be distinguished and analyzed as a separate 
reach to distinguish its channel characteristic from others.  

 
Figure 62: Graph of cross sectional areas for reaches 4a and 4b over time. Note the relative stability of Reach 4a. 
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Hydrology Discussion 
 Mardi Gras Pass developed from a breach in the road located at the levee crest in May 2011 to a fully 
connected distributary of the Mississippi River by March of 2012. As the geomorphic processes continued to 
change the channel, the hydrologic evolution proceeded as well. As the channel has enlarged, discharge 
though the channel has increased. However, the channel enlargement and the increase in discharge have not 
proceeded at similar rates, as the increase in discharge has lagged behind the increase in channel dimensions. 
Upon further examination, it was discovered that a portion of the channel, Reach 4a, was not expanding at the 
same rates as the rest of the channel. This point in the channel caused a constriction which inhibits flow and 
therefore limits the increase in discharge in relation to the enlargement of the rest of the channel. The exact 
cause of the limited growth in Reach 4a is not known but it is assumed to be a characteristic of the 
geotechnical properties which needs further investigation. In addition, flow from MGP has been observed to 
be all in–channel, in MGP itself and in the receiving basin, including the Back Levee Canal, John Bayou and 
Fucich Bayou. This indicates that the discharge through MGP is not yet high enough to induce overland flow on 
to the marsh platform, and because of the nature of the receiving basin, this may always be the case. 
Therefore, sediment and nutrients entering through MGP are not delivered directly to the marsh. However, 
sediment may be stored in receiving channels and redistributed during storm events.  
 Predicting channel hydrologic changes for 2014 is difficult but good hypotheses can be formed based 
on the data collected thus far. The future increase in discharge is greatly dependent on Reach 4a. If this reach 
begins to erode at a rate similar to other parts of MGP, especially Reach 4b, and approaches similar 
dimensions, then discharge through MGP could increase greatly, reaching perhaps up to 10,000 cfs. If Reach 4a 
continues to resist erosion and act as a constriction point, then discharge through MGP will only increase to 
approximately 6,000 cfs. Another factor that affects changes in channel dimensions, and therefore discharge, 
is the river stage, or amount of high water that will be experienced in 2014. If high flood waters occur, that 
could force erosion in Reach 4a and increase the discharge as all reaches expand. If a moderate flood is 
experienced, then erosive forces in MGP will not be as high and discharge will not increase greatly. If a high 
flood year occurs and Reach 4a begins to erode similarly to the rest of MGP, it is expected that discharge in 
MGP will increase at a fast rate.  
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Sediment and Nutrient Distribution from Mardi Gras Pass 
 

Introduction 
 Turbidity is a measurement of the cloudiness or haziness of a fluid and can be used as a proxy for 
sediment load or total suspended solids (Snedden 2006; Snedden et al. 2007). The amount of sediment 
entering the system through MGP will vary due to many factors such as river stage, available sediment load in 
the river and location of the mouth of the distributary on the river and therefore create different relationships 
between discharge and sediment concentration in the water column during a flood cycle and on a seasonal 
and yearly basis (Williams 1989). In addition to sediment, river water also is fresh and can have a high nutrient 
load, which has an effect on the receiving basin and is important to track for how far these effects extend into 
the basin. The quantification of total organic carbon (TOC) in the water column was added later in this study. 
The measurement of TOC in the receiving basin can indicate if the water entering the system has high organic 
matter content, how far this content extends into the receiving basin and whether any significant migration of 
organic matter down the water column occurs over distance. TOC also supports estuarine food webs, 
especially those closer to the influence area of the riverine input. At the Caernarvon Diversion the Mississippi 
River water contributed substantially to consumer nutrition, especially near the diversion, contributing 50% of 
the nutrition near the diversion, 25% in the mid-estuary and 10% into Breton Sound (Wissel and Fry 2005). The 
research outlined below represents a baseline effort to understand the sediment load and nutrient dynamics 
of water entering the receiving basin (the Bohemia Spillway), through MGP and will guide more targeted 
Beryllium-7 (explained later in this chapter), turbidity, total suspended solids and nutrient work in the future.  
 

Sediment and Nutrient Analysis  

Methods 
Three turbidity, total suspended solids (TSS) and salinity surveys were conducted in the MGP basin on 

May 14, June 26, and September 18, 2013 (Figure 63). The May and June surveys were conducted during high 
water conditions on the Mississippi River (stage at Pointe a la Hache 6.04ft and 5.69ft, respectively) and the 
September survey was conducted during low water (stage at 1.71ft). In addition, during the last two surveys, a 
nutrient survey was added, however, nutrient analysis for the last survey was unsuccessful and therefore 
results will not be presented. In the last survey, analysis of total organic carbon (TOC) was also conducted. 
Samples were collected in the Back Levee Canal, John Bayou, Fucich Bayou, Lower Grand Bayou, Bay Law, 
American Bay and Uhlan Bay (Figure 63). The number of sample locations was expanded from the first to the 
second survey (Figure 63; top and middle). In all surveys, turbidity samples were collected at more stations 
than TSS and nutrient samples. With enough TSS and turbidity data, an attempt will be made to derive a 
mathematical relationship between the two parameters so that TSS can be estimated accurately from turbidity 
samples.  

Turbidity samples were collected at each site by filling three, 120ml bottles with surface water from a 
boat. Each sample bottle was rinsed three times with sample water before the sample was collected. TSS, 
nutrient and TOC samples were collected by filling a one liter bottle with surface water. Each sample bottle 
was rinsed three times with sample water before samples were collected. All samples were placed on ice. 
Turbidity samples were analyzed the following day using a Hach 2100P Turbidimeter to obtain turbidity in 
Nephelometric Turbidity Units (NTU). The three turbidity readings from each site were averaged to obtain a 
final turbidity measurement for each site. The TSS, nutrient and TOC samples were taken to the Central 
Analytical Instruments Research Laboratory, the day after collection, for analysis. For TSS analysis, EPA 
standard method 160.2 (EPA 1983) was used and for nutrient analysis (for nitrate, nitrite, chloride, fluoride, 
sulfate and phosphate), EPA standard method 300.0 (EPA 1993) was used. For TOC analysis EPA standard 
method 416.2 (EPA 1983) was used. In addition, at each site, surface salinity and temperature were recorded 
using an YSI meter. On May 14, turbidity samples were collected at 55 sites and TSS was collected at 21 of 
those 55 sites. On June 26, 64 turbidity samples were collected and TSS and nutrient samples were collected at 
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27 of those sites, as the survey extended further down the Back Levee Canal and further out into the bay than 
the previous survey. On September 18, 62 turbidity samples were collected and TSS, nutrient and TOC samples 
were collected at 32 of those sites. Nutrient analysis of the water samples was not successful for this survey so 
those results will not be reported. Both turbidity and TSS data was collected in order to establish a 
mathematical relationship between turbidity and TSS so that in the future, only turbidity will be measured and 
the sediment load can be calculated from the turbidity measurements. 
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Figure 63: Location of sample points during May 14, June 26, September 18, 2013 surveys for turbidity, total suspended solids 
and nutrients in the receiving basin of Mardi Gras Pass. 
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Results 

May 14th Survey 

Turbidity and TSS 
 The turbidity and TSS data provided evidence that there was erosion occurring in MGP as both 
measures increased from the river to the Back Levee Canal (Figure 64). The sediment load increased from 102 
mg/l (79.1 NTU) to 166 mg/l (115 NTU) as the water moved through MGP (62% increase). As reported in the 
“Hydrologic Evolution of Mardi Grass Pass” section of this document, when the water leaves MGP, the flow 
roughly splits 50/50 going north and south in the Back Levee Canal. After leaving MGP, the sediment load in 
the water began to reduce rapidly but different patterns were evident when moving north and south in the 
Back Levee Canal (Figure 64). Moving south in the Back Levee Canal towards John and Fucich Bayous, sediment 
deposition occurred at a faster rate or closer to MGP than when moving north (Figure 64). As the water flowed 
south to Fucich Bayou the sediment load was reduced by 62% and the sediment load on the water near the 
top of John Bayou was reduced by 69%. Turbidity measurements followed a similar pattern but the reduction 
in turbidity at the same points was not as high. This sediment load reduction occurred within two miles of the 
mouth of MGP. Moving north in the Back Levee Canal a similar reduction in sediment load occurred within 3.5 
miles of the mouth of MGP. By the time water reached the receiving bays, the sediment load was reduced to 
background levels at the mouth of John and Fucich Bayous. Going north in the Back Levee Canal, the sediment 
load was reduced to background levels by 6.5 miles from the mouth of MGP. 
 

 
Figure 64: Location and values for the total suspended solids (TSS) (A) and turbidity (B) survey on May 14, 2013. Notice 
the increase in sediment load through Mardi Gras Pass indicating erosion in the pass and rapid decrease in sediment load 
upon leaving, indicating deposition. 

When turbidity and TSS are compared for this survey date a polynomial relationship with the equation 
TSS (mg/l) = 0.0164 * Turbidity (NTU)2 – 0.6331 * Turbidity + 22.722 (r2 = 0.94) was found to best fit the data 
(Figure 65). As turbidity readings increase, TSS readings increase at a faster rate.  
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Figure 65: Graph of turbidity versus total suspended solids yields a polynomial relationship for the May 14th, 2013 survey 
date. 

Salinity 
 The salinity in the MGP receiving basin was very fresh during the May 14, 2013 survey with salinities of 
less than 1 ppt found in all of the canals and bayous (Figure 66). Salinities above 1 ppt were not encountered 
until some distance out into the receiving bay. On this survey date, discharge from MGP was high, at 3,800 cfs, 
at a river stage at West Pointe a la Hache of 6.04, which could lead to the freshening of the receiving basin. 
However, it is also important to note that there are outlets from the Mississippi River south of the Bohemia 
Spillway, such as Fort St. Philip and Baptiste Collette that discharge large volumes of water during higher river 
stages and this water, because of prevailing currents, is generally pushed north. Therefore, the salinity in the 
receiving bays may have also been influenced by this freshwater source. When salinity and TSS measurements 
are analyzed with distance from MGP a clear pattern emerges where the sediment load is reduced in a shorter 
distance form MGP, almost half the distance, than the freshwater (Figure 67). This indicates that, on this 
survey date, the influence of freshwater from MGP reached further into the receiving basin than the influence 
of the sediment.  
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Figure 66: Location and values for salinity measurements on May 14, 2013 in the receiving basin of Mardi Gras Pass. 

 
Figure 67: (A) Location of different routes leaving MGP and corresponding colors on the graph (B). (B) Graph of May 14, 
2013 total suspended solids (TSS) and salinity with distance from the Mississippi river as it travels different routes into the 
receiving basin. Colored lines represent TSS and grey lines are salinity. The same shape on the colored lines and grey lines 
refer to the same route. Note that the sediment load is reduced in the receiving basin at a shorter distance from Mardi 
Gras Pass than the freshwater. 

June 26th Survey 

Turbidity and TSS 
On June 26th the sediment load increased from 74 mg/l (31.1 NTU) to 90 mg/l (54.6 NTU) from the 

beginning of MGP to the end (21% increase), again providing evidence of erosion, although the sediment load 
entering MGP was less than found during the survey in May (Figure 68Figure 69). The stage was lower on this 
survey date than the last at 5.69ft at West Pointe a la Hache and the discharge through MGP was also lower at 
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3,530cfs. Similar to the May survey, there was a significant decrease in the sediment load two miles from MGP 
at John Bayou and Fucich Bayou, a 58% and 70% reduction, respectively. Moving north in the Back Levee 
Canal, the sediment load was reduced by 75% within three miles of the mouth of MGP. Overall, the patterns of 
erosion and deposition were similar in this survey to the May 14th survey. TSS and turbidity in the outer bays 
was at background levels, indicating that much of the sediment deposition occurs in the conveying bayous and 
canals and minimal deposition occurs in the outer bays.  

 

 
Figure 68: Distribution of total suspended solids in the Mardi Gras Pass receiving basin on June 26, 2013. Note erosion in 
the pass and deposition in the receiving canals and bayous. 

 
Figure 69: (A) Distribution of turbidity in the Mardi Gras Pass receiving basin and (B) turbidity zoomed in near Mardi Gras 
Pass 
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When turbidity and TSS are compared for this survey date a polynomial relationship with the equation 

TSS (mg/l) = 0.0243 * Turbidity (NTU)2 – 0.1054 * Turbidity + 11.406 (r2 = 0.82) was found to best fit the data 
(Figure 70). As turbidity readings increase, TSS readings increase at a faster rate.  

 

 
Figure 70: Graph of turbidity versus total suspended solids yields a polynomial relationship, June 26th, 2013. 

Salinity 
 During the June 26, 2013 survey, the receiving bayous and canals were fresh, less than 1 ppt (Figure 
71). At the mouth of John, Fucich and Lower Grand Bayous, salinities began to increase above 1 ppt but 
conditions were still fresh. The outer bay, however, was not as fresh as it was in the last survey. When salinity 
and TSS measurements are analyzed with distance from MGP a similar pattern emerges to the last survey 
where the sediment load is reduced in a shorter distance from MGP, almost half the distance, than the 
freshwater (Figure 72). This indicates that, on this survey date, the influence of freshwater from MGP reached 
further into the receiving basin than the influence of the sediment.  
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Figure 71: Distribution of salinity in the receiving basin of Mardi Gras Pass during the June 26th, 2013 survey. 

 
Figure 72: (A) Location of different routes leaving Mardi Gras Pass and corresponding colors on the graph (B). (B) Graph of 
June 26, 2013 total suspended solids (TSS) and salinity with distance from the Mississippi river as it travels different routes 
into the receiving basin. Colored lines represent TSS and grey lines are salinity. The same shape on the colored lines and 
grey lines refer to the same route.  

Nitrate 
 There was approximately 3 mg/l of nitrate entering MGP on the June 26th, 2013 survey date (Figure 
73). The nitrate was not reduced in the water column until it reached the receiving bays through John and 
Fucich Bayous (4.5 and 6.5 miles away, respectively) or north, up the Back Levee Canal (10 miles away). The 
influence of nitrate reached farther into the basin than the sediment load, similar to the influence of the fresh 
water from MGP. Phosphate concentrations were 0.13 mg/l in MGP and reduced in concentration in proximity 
to MGP. In the receiving bays, phosphate levels were below detection.  
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Figure 73: Distribution of nitrate (mg/l) in the Mardi Gras Pass receiving basin on June 26th, 2013. 

TSS, Salinity and Nitrate 
 A clear pattern emerges when the distribution of TSS, salinity and nitrate from MGP are investigated 
together. The distribution or effect of TSS reaches approximately four miles into the basin, while the effect of 
the freshwater and nitrate reaches approximately seven miles into the basin (Figure 74). Thus, there are four 
zones that form during this high water event. Zone 1 is closest to the river and is the erosional zone where 
discharge is high. Zone 2 is where the sediment load and nutrients are high and the salinity is low, called the 
“sediment plume” zone. In Zone 3, the sediment load has returned to background levels but the nutrients 
remain high and the salinity remains low or the “nutrient plume” zone. In Zone 4, mixing occurs with bay side 
water and the nutrients and salinity return to background levels.  
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Figure 74: Total suspended solids, salinity and nitrate with distance along the Fucich Bayou track on the June 26th survey 
date. Four zones form with the distribution of river water into the basin. Zone 1 is erosional, Zone 2 is an area with a high 
sediment load, high nutrients and low salinity. Zone 3 is where the sediment load has diminished but the nitrate remains 
high and salinity remains low. Zone 4 is where mixing occurs with bayside water and nitrate and salinity return to 
background levels 

September 18
th

 Survey 

Turbidity and TSS 
 The overall sediment load entering MGP on September 18th was lower than the other survey dates 
(Figure 75Figure 76). This survey was purposely conducted during low water conditions (stage at Pointe a la 
Hache was 1.71ft, discharge was approximately 800 cfs) so a lower sediment load was expected. However, 
despite low water conditions there was still evidence of erosion in MGP with the sediment load increasing 
from 6.3 mg/l (7.2 NTU) to 20.5 mg/l (16.0 NTU) or a 225% increase. By the time the water reached John and 
Fucich Bayous, the sediment load was reduced by 62% and by 11%, respectively, indicating deposition in the 
Back Levee Canal. On this survey date, the sediment load was much higher in the receiving bays than was 
entering MGP mostly likely do to a re-suspension event in the bay. The data indicate that this sediment load 
was pushed into John and Fucich Bayous from the bay side.  
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Figure 75: Distribution of total suspended solids (mg/l) in the Mardi Gras Pass receiving basin on September 18th, 2013. 

 

 
Figure 76: (A) Distribution of turbidity in the Mardi Gras Pass receiving basin on September 18th, 2013 and (B) turbidity 
zoomed in near Mardi Gras Pass. 

When turbidity and TSS are compared for this survey date a polynomial relationship with the equation 
TSS (mg/l) = 0.0232 * Turbidity (NTU)2 – 1.6002 * Turbidity + 1.6302 (r2 = 0.88) was found to best fir the data 
(Figure 77). As turbidity readings increase, TSS readings increase at a faster rate.  
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Figure 77: Graph of turbidity versus total suspended solids yields a polynomial relationship, September 18th, 2013. 

Salinity 
 During the September 18th, 2013 survey, the salinity in the receiving bayous, canals and bays was 
higher than the previous two surveys (Figure 78). Salinity above 7 ppt was found in Fucich and John Bayou and 
the water at the mouth of MGP was 2.9 ppt, whereas previously it was below 1 ppt. When salinity and TSS 
measurements are analyzed with distance from MGP a different pattern emerges from the previous two 
surveys (Figure 79). Salinity rises quickly near MGP instead of remaining fresh and the TSS in the receiving bay 
is higher than is entering MGP and no clear pattern of sediment load and salinity can be elucidated on this 
survey date.  

 
Figure 78: Distribution of salinity in Mardi Gras Pass during the September 18th, 2013 survey. 
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Figure 79: (A) Location of different routes leaving Mardi Gras Pass and corresponding colors on the graph (B). (B) Graph of 
September 18th, 2013 total suspended solids (TSS) and salinity with distance from the Mississippi river as it travels 
different routes into the receiving basin. Colored lines represent TSS and grey lines are salinity. The same shape on the 
colored lines and grey lines refer to the same route.  

Total Organic Carbon 
 Total organic carbon (TOC) entering MGP during the September 18th survey was 15.4 mg/l (Figure 80). 
Moving south in the Back Levee Canal the TOC values were similar to the amount entering the pass and then 
decreased slightly in the receiving bay. Going north in the Back Levee Canal, TOC increased at ten miles from 
the pass and at the end of north end of the Back Levee Canal, TOC was high at 43.2 mg/l where the water is 
stagnant and little mixing occurs.  

 
Figure 80: Total organic carbon (mg/l) entering Mardi Gras Pass and in the receiving basin, September 18th, 2013. 
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Turbidity versus TSS Combined  
When turbidity and TSS are compared using all the data from the three surveys, a polynomial 

relationship with the equation TSS (mg/l) = 0.0088 * Turbidity (NTU)2 – 0.1598 * Turbidity + 16.372 (r2 = 0.64) 
was found to best fir the data (Figure 81). As turbidity readings increase, TSS readings increase at a faster rate. 

 

 
Figure 81: Graph of turbidity versus total suspended solids yields a polynomial relationship when all data is combined for 
the three survey dates. 

Sediment and Nutrient Distribution Discussion 
 Freshwater flow and sediment are being captured by MGP and being conveyed into the receiving 
basin, including the Back Levee Canal, John Bayou, Fucich Bayou and Lower Grand Bayou. In addition, the 
incoming water is picking up sediment in MGP, implying that erosion is occurring in MGP which is supported by 
numerous bank and bathymetry surveys (Boyd et al. 2013b). The sediment load is reduced in the water column 
with distance from the Mississippi River, implying that sediment deposition is occurring as water moves into 
the receiving bays. In general, the sediment is carried and deposited in channel and no overland flow outside 
of MGP has been observed. Therefore, the sediment that is deposited in channel is available for re-distribution 
into the surrounding marshes during storm events. The marshes in the Bohemia Spillway have experienced 
little land loss and appear to be very healthy, especially in recent years (aside from loss due to the dredging of 
navigation and oil and gas canals) and one hypothesis for this is that the sediment entering the system through 
the Bohemia Spillway, and now MGP, is helping to sustain these marshes (Lopez et al. 2013). 
 The pattern seen during the high water surveys in May and June, of the influence of nutrients and 
freshwater extending further into the basin than the influence of the sediment, is an important observation. 
The four zones that occur in the MGP receiving basin, erosional, sediment deposition, nutrient plume and 

mixing (background conditions), have different regions of influence in the basin (Figure 82). The sediment 
deposition zone does not extend into the receiving bays and therefore most deposition occurs in channel, in 
receiving bayous and canals. The influence of nutrients in the water extends farther than the sediment and 
creates a “nutrient plume” zone part of which is in channel and part extends to the receiving bays. Beyond the 
nutrient plume is where there water coming from MGP is reduced in sediment and nutrients and mixed 
enough to return to background conditions. The reach of these four zones can be applied to current and future 
diversions. When discussing the construction, operation and basin effects of future sediment diversions 
proposed in the Louisiana’s Comprehensive Master Plan (CPRA 2012), the sediment, freshwater and nutrients 
are often discussed as a unit flowing through the diversion and entering the receiving basin together. This 
study shows that the region of influence of these factors (and others, e.g. pollutants) can differ markedly. 
Therefore, future planning and modeling efforts for sediment diversions should account for the fact that the 
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sediment, freshwater and nutrients can regionally have very different areas of influence in a diversion 
receiving basin. 

 
Figure 82: Four zones resulting from Mardi Gras Pass flow into the receiving basin. The sediments and nutrients carried in 
the water have different regions of influence. The erosional zone increases water sediment concentration, the sediment 
deposition zone decreases the sediment concentration, the nutrient zone is where nutrients are still elevated but 
sediment is greatly reduced and mixing is where background conditions return. 

 Salinity and water velocity have an effect on flocculation and settling velocity of suspended particles. 
In general, higher velocity water prevents settling and the formation of large flocculates and moving from 
fresh water into saline water increases flocculation potential and flocculation size (Kim and Nestmann 2009; 
Mietta et al. 2009; Mikes 2011; Chandra et al. 2012). In general, as the water exiting MGP reaches the 
receiving bay, it encounters two conditions that promote flocculation and therefore settlement of particles; 
lower velocity water and increased salinity. In general, increased flocculate sizes begin to occur in low salinities 
and there is little further increase at salinities ranging from 3ppt to 15ppt, depending on the initial sediment 
concentration (Krone 1963; Mietta et al. 2009). Of course, there are many other factors that affect flocculation 
and settlement velocity such as pH, time and suspended sediment concentration, particle size and charge. In 
this study, suspended sediment concentrations reduced as water velocity slowed and salt water was 
encountered, however, specific measurements of factors such as pH and particle size were not taken.  
 This study represents initial results in the study of the sediment distribution dynamics from MGP. It 
gives an indication of where sediment deposition is occurring. In this study we did not capture the peak of the 
sediment load in the Mississippi River during the high water event of 2013 when the suspended sediment 
concentration entering MGP would have been greater. Future work includes repeating this survey during high 
water at the peak of the sediment load in the Mississippi River during a high water event in 2014, doing 
Beryllium-7 analysis to ascertain deposition patterns and volume and particle size characterization. Beryllium-7 
is a radionuclide that (mostly) is delivered to the earth's surface in precipitation where it quickly sorbs to fine 
sediment particles (Willenbring and von Blanckenburg 2010; Taylor et al. 2012). Because 7Be has a short half-
life of 53.3 days it is a useful tracer for recent sediment deposition. Beryllium-7 has been shown to be a useful 
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tracer (Feng et al. 1999) in tracking pulses of sediment delivered to an area (Canuel et al. 1990), tracking 
sediment delivered by river deposition (Sommerfield et al. 1999) and in sediment budget work (Blake et al. 
2002) and has been used locally to track sediment deposition at the West Bay diversion (Kolker et al. 2012). 
With the first high water in 2014, 7Be will be used to trace newly deposited sediments brought in through the 
Mississippi River and an attempt will be made to calculate the amount of sediment based on the thickness of 
the deposition in the bayous and canals in the MGP receiving basin with distance from the Mississippi River or 
sediment source. The goal is to obtain a clear picture of how the sediment entering the system through 
Bohemia Spillway and MGP is distributed, re-distributed and if the ultimate fate of this sediment is to end up 
on the marsh platform, helping to reduce land loss rates in the region.  
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Biological Assessment in Mardi Gras Pass 

Introduction 
As part of LPBF’s ongoing monitoring of MGP, this section describes research activities aimed at 

gaining a better understanding of the biological assemblage living in and utilizing MGP. Due to the mixing of 
fresh Mississippi River-water with saline estuarine water, a number of diverse species utilize MGP. This study 
investigated the biological communities present in MGP and will allow for a better understanding of the 
utilization of MGP by aquatic species. It is important to note the anthropogenic activities on the waterway; 
recreational fisherman have been seen utilizing MGP for fishing directly in the pass and as a shortcut to other 
fishing grounds as it allows them direct access to/from the River and adjacent marshes. This section reports 
the results of biological surveys conducted from November 2012 through December 2013.  
 

Methods 

Biological Sampling 
A variety of different gear types were used during this investigation of MGP. It is important to note 

that the sampling efforts for this survey were only targeting aquatic species, and to date, there has not been 
any effort to capture bird or mammal species, although sightings of these species were documented.  

Sampling for this survey was conducted on November 8 and December 6, 2012, and January 15, March 
13, August 22, September 25, November 14, and December 13, 2013. For each sampling date, different 
combinations of sampling gear types were used as weather conditions, river-stage, velocity of flow, in addition 
to a number of other factors can have a major impact on the deployment and success of each gear type. The 
gear types used during the entire survey include a 225-foot six paneled gill net (8-foot depth, with alternating 
panels of 1” square/2” stretch, and 2” square/4” stretch) (Figure 83), a 7-foot radius cast net, a 150-foot 
trotline with 25 hooks (Figure 84), various vertical jug lines, standard commercial crab traps, 1-inch opening 
minnow traps (baited and not baited), 2-inch opening crawfish traps (baited and not baited), a 3-foot diameter 
hoop net with 7 hoops (1-1/2" square/3" stretch front hoops and 1" square/2" stretch back hoops), pinfish 
traps, rod and reel (with various types of artificial lures and live bait, including shrimp and cocahoe), and 
electrofishing (courtesy of the Louisiana Department of Wildlife and Fisheries – Inland Fisheries District 8) 
which was only used during the September 25th, 2013 survey. It is important to note that on the August 22, 
2013 sampling date, the only gear used was the cast net as this was an ancillary task to other work conducted 
at MGP.  

 

Figure 83: Gill net deployment at sunrise in Mardi Gras Pass, December 13, 2013. 



 

Page 77 of 92 
 

 

Figure 84: Deploying a baited trot-line in Reach 2 of Mardi Gras Pass, November 8, 2012. 

Water Quality Sampling 
At each location where a gear type was deployed during the biological survey of MGP, water quality 

parameters were measured. A YSI-Pro 2000 was used to measure water temperature, salinity and dissolved 
oxygen at the water surface and bottom. A Secchi disk was also used to determine visibility. In most cases, 
MGP was flowing from the Mississippi River to the Back Levee Canal, causing the distributary to be well mixed.  
 

Electrofishing Methodology and Location 
Optimal conditions are slow moving water with warm temperatures. If the current is moving too 

quickly, the shocked fish will flow out of reach of the capture net, and the catch would not be a good 
representation of the present populations. If the water temperature drops below 50 degrees Fahrenheit, the 
instrument becomes ineffective. The standard operating procedure for the Louisiana Department of Wildlife 
and Fisheries electrofishing survey includes 900 seconds of electroshocking along the bank. For this survey of 
MGP on September 25, 2013, the 900 second time limit was split between two locations, and consisted of a 
starting point, a turnaround, and end point (Figure 85Figure 86 ). At each location (Transect A and Transect B), 
450 seconds of shoreline was sampled. At 225 seconds, the crew turned the boat around and the opposite 
shore was sampled heading back towards the starting point. The results for each of these transects can be 
found in Table 5 and Table 6 , respectively.  



 

Page 78 of 92 
 

 

Figure 85: Map of electroshocking survey locations A and B in Mardi Gras Pass, and respective start, turnaround, and end-
points. 

 

Figure 86: Electrofishing survey at Location A in Mardi Gras Pass, September 25, 2013. 

Results 
Over the past year, a number of different types of fishing gear were used to sample aquatic species in 

MGP. The cumulative catch results for all gear types can be seen in Table 4. The most species in a single survey 
were caught during the electrofishing survey (Table 5Table 6). Besides electrofishing, the most successful gear 
types were the gill net and cast net, respectively. Some gear types yielded a relatively low catch where only a 
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few different species of fish were captured (hoop net, crab trap, trotline, jugline, and minnow trap), while 
other types of gear used did not yield any results (crawfish trap, and rod and reel).  

 
Table 4: List of captured species and gear types used in Mardi Gras Pass biological surveys. 

 

 

Table 5: Species and number of individuals from Transect A of the electrofishing survey in Mardi Gras Pass. 

 

Species

Freshwater Species Gill Net Trot-line Jug-line Crab Trap Minnow Trap Crawfish Trap Pinfish Trap Hoop net Rod and Reel Electroshocking

Black crappie (Pomoxis nigromaculatis)

Largemouth bass (Micropterus salmoides) X X

Spotted gar (Lepisosteus oculatus) X X

Longnose gar (Lepisosteus osseus) X X

Channel catfish (Ictalurus punctatus)  X  X X X

Blue catfish (Ictalurus furcatus) X X

Redear sunfish (Lepomis microlophus) X X

American eel (Anguilla rostrata) X

Bluegill (Lepomis macrochirus) X

Spotted sunfish (Lepomis punctatus) X

Longear sunfish (Lepomis megalotis) X

River carpsucker (Carpiodes carpio) X

Threadfin shad (Dorosoma petenense) X

Inland silverside (Menidia beryllina) X

Red-eared slider (Trachemys scripta elegans)  X X

Brackish/Saltwater Species

Speckled seatrout (Cynoscion nebulosus) X

White perch (Pomoxis annularis) X

Striped mullet (Mugil cephalus) X X

Gizzard shad  (Dorosoma cepedianum) X X

Red fish (Sciaenops ocellatus) X X

Skipjack shad (Alosa chrysochloris) X X

Ladyfish (Elops saurus) X

White bass (Morone chrysops) X X

Gulf menhaden (Brevoortia tyrannus) X

Gafftop catfish (Bagre marinus) X 

Fat sleeper goby (Dormitator maculatus) X

Bay anchovy (Anchoa mitchilli) X

Leatherjacket (Oligoplites saurus) X

Striped bass (Morone saxatilis) X  X

Atlantic croaker (Micropogonias undulates) X

Grass shrimp (Palaemonetes spp.) X

Blue crab (Callinectes sapidus) X  X X

X

 X

X

Cast net

X

X

Gear Type

Common Name Scientific Name Count

Largemouth bass Micropterus salmoides 4

Spotted gar Lepisosteus oculatus 1

Longnose gar Lepisosteus osseus 1

White bass Morone chrysops 2

Ladyfish Elops saurus 1

Skipjack herring Alosa chrysochloris 2

Fat sleeper Dorminator maculatus 2

Bay anchovy Anchoa mitchilli 64

Striped mullet Mugil cephalus 48

Threadfin shad Dorosoma petenense 1

Gulf menhaden Brevoortia patronus 1

Gizzard shad Dorosoma cepedianum 35

Leatherjack Oligoplites saurus 1

Electrofishing Survey - Transect A
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Table 6: Species and number of individuals from Transect B of the electrofishing survey in Mardi Gras Pass. 

 

Nearly 50 juvenile gulf menhaden (Brevoortia tyrannus), seven black crappie (Pomoxis nigromaculatis), 
four lady fish (Elops saurus) (2-3 inches in length), and three spotted gar (Lepisosteus oculatus) (less than 12 
inches in length) (Figure 87), were captured in one cast of a 7 ft. radius cast net on August 22, 2013 (Figure 88), 
suggesting MGP is a suitable nursery for some fresh and saltwater species of fish.  

 

Figure 87: Juvenile spotted gar captured Mardi Gras Pass in a cast net, August 22, 2013. 

 

Common Name Scientific Name Count

Largemouth bass Micropterus salmoides 19

Channel catfish Ictalurus punctatus 2

American Eel Anguilla Rostrata 1

Leatherjack Oligoplites saurus 1

Redear sunfish Lepomis microlophus 2

Bluegill Lepomis macrochirus 5

Striped mullet Mugil cephalus 26

Spotted sunfish Lepomis punctatus 10

Longear Sunfish Lepomis Megalotis 4

Fat sleeper Dorminator maculatus 4

Spotted gar Lepisosteus oculatus 1

River Carpsucker Carpiodes Carpio 4

Gizzard shad Dorosoma cepedianum 66

Inland silverside Menidia beryllina 1

Electrofishing Survey - Transect B
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Figure 88: Fifty juvenile gulf menhaden, seven black crappie, four lady fish (2-3 inches in length), and three spotted gar 
(less than 12 inches in length) captured in one cast of a cast net between Reach 1 and Reach 2 of Mardi Gras Pass, August 
22, 2013. 

Fourteen different species of freshwater fish have been captured in MGP, including channel catfish 
(Ictalurus punctatus), largemouth bass (Micropterus salmoides) (Figure 89) , spotted gar (Lepisosteus oculatus) 
(Figure 90), longnose gar (Lepisosteus osseus), channel catfish (Ictalurus punctatus), blue catfish (Ictalurus 
furcatus), redear sunfish (Lepomis microlophus), American eel (Anguilla rostrata), bluegill (Lepomis 
macrochirus), spotted sunfish (Lepomis punctatus), longear sunfish (Lepomis megalotis), inland silverside 
(Menidia beryllina), river carpsucker (Carpiodes carpio), and black crappie (Pomoxis nigromaculatis). 

Fifteen different species of saltwater fish have been captured in MGP, including speckled seatrout 
(Cynoscion nebulosus)(Figure 91), white perch (pomoxis annularis), striped mullet (Mugil cephalus) (Figure 92), 
gizzard shad (Dorosoma cepedianum), red drum (Sciaenops ocellatus), skipjack shad (Alosa chrysochloris), 
ladyfish (Elops saurus), white bass (Morone chrysops), gafftop catfish (Bagre marinus), fat sleeper goby 
(Dormitator maculatus), bay anchovy (Anchoa mitchilli), leatherjacket (Oligoplites saurus), striped bass 
(Morone saxatilis), Atlantic croaker (Micropogonias undulates) and gulf menhaden (Brevoortia tyrannus).  

During our eight surveys, the total amount of effort spent fishing, or “soak-time” was 138.75 hours and 
a total of 546 fish/aquatic species were captured. A summary of the amount of effort versus the total amount 
fish captured for each gear type can be found in Table 7 and details on effort and catch for each survey date 
and great type can be found in Table 8.  

 



 

Page 82 of 92 
 

 

Figure 89: Largemouth bass captured in a gill net between Reach 1 and Reach 2 in Mardi Gras Pass, January 15, 2013. 

 

Figure 90: Spotted gar captured in a gill net between Reach 1 and Reach 2 in Mardi Gras Pass, March 13, 2013. 
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Figure 91: Speckled trout captured in a gill net between Reach 1 and Reach 2 in Mardi Gras Pass, December 6, 2012. 

 

Figure 92: Striped mullet caught in a cast net in Reach 4 of Mardi Gras Pass, December 6, 2012. 
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Table 7: List of each gear type with respective total effort and catch, for the biological surveys conducted in Mardi Gras 
Pass. 

 

Gear Type Effort (hours) Catch (# of fish)
Minnow trap 25.75 1

Jug line 24.75 9
Crab trap 22.5 3

Gill net 21.75 118
Trot line 14.25 3
Hoop net 10.25 2

Crawfish trap 9 0
Cast net 4.5 101

Pinfish trap 5.75 0
Electroshocking 0.25 309
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Table 8: Mardi Gras Pass Biological Survey dates, gear types, effort, and details regarding the catch for each gear type. 

 

Date Gear Type Effort (hours) Catch (# of fish) Catch Details River Stage (ft) Secchi Depth (cm)

8-Nov-12 Crab trap 5.5 0 --

8-Nov-12 Minnow trap 4 0 --

8-Nov-12 Crab trap 4.5 2 2 blue crabs

8-Nov-12 Minnow trap 3 1 1 blue crab

8-Nov-12 Trot l ine 2.5 2 1 channel catfish, 1 red-eared slider

8-Nov-12 Hoop net 3.5 2 2 red-eared slider

8-Nov-12 Cast net 0.5 6 6 striped mullet

8-Nov-12 Gill  net 3 5 2 speckled trout, 3 white perch

8-Nov-12 Cast net 0.5 7 7 striped mullet

8-Nov-12 TOTAL 27 25 0.91 80

6-Dec-12 Gill  net 1.5 2 2 speckled trout

6-Dec-12 Cast net 1 13 3 gizzard shad, 10 striped mullet

6-Dec-12 Gill  net 1.5 0 --

6-Dec-12 Hoop net 1 0 --

6-Dec-12 TOTAL 5 15 1.02 21.5

15-Jan-13 Crab trap 6.5 1 1 blue crab

15-Jan-13 Gill  net 3 7 2 redfish, 4 gizzard shad, 2 largemouth bass, 1 striped mullet

15-Jan-13 Crab trap 6 0 --

15-Jan-13 Minnow trap 3 0 --

15-Jan-13 Minnow trap 2.5 0 --

15-Jan-13 Crawfish trap 5 0 --

15-Jan-13 Jug line 3 0 --

15-Jan-13 Trot l ine 2 0 --

15-Jan-13 Jug line 3.25 0 --

15-Jan-13 Hoop net 2.25 0 --

15-Jan-13 Trot l ine 1.25 1 1 blue crab

15-Jan-13 TOTAL 37.75 9 2.42 15

13-Mar-13 Hoop net 3.5 0 --

13-Mar-13 Gill  net 2 9 5 gizzard shad, 3 spotted gar, 1 striped mullet

13-Mar-13 Trot l ine 3 0 --

13-Mar-13 Minnow trap 3.5 0 --

13-Mar-13 Minnow trap 3.5 0 --

13-Mar-13 Trot l ine 3 0 --

13-Mar-13 Cast net 1 0 --

13-Mar-13 Gill  net 1.75 6 5 gizzard shad, 1 skipjack shad

13-Mar-13 Jug line 2 0 --

13-Mar-13 TOTAL 23.25 15 2.88 25

22-Aug-13 Cast net 1 65 50 menhadden, 7 black crappie, 4 lady fish, 3 spotted gar

22-Aug-13 TOTAL 1 65 2.86 --

25-Sep-13 Electroshocking 0.25 309 Reference Table 2 and Table 3

25-Sep-13 TOTAL 0.25 309 1.76 --

14-Nov-13 Gill  net 1 5 3 gizzard shad, 1 striped mullet, 1 lady fish

14-Nov-13 Minnow trap 2.25 0 --

14-Nov-13 Trot l ine 2.5 0 --

14-Nov-13 Jug line 1.25 1 1 blue catfish

14-Nov-13 Jug line 3 0 --

14-Nov-13 Pinfish trap 1.75 0 --

14-Nov-13 Jug line 1.5 2 2 blue catfish

14-Nov-13 Gill  net 2 3 1 striped bass, 1 croaker, 1 ladyfish

14-Nov-13 TOTAL 15.25 11 0.96 75

13-Dec-13 Gill  net 4 7 5 menhadden, 1 black crappie, 1 gizzard shad

13-Dec-13 Pinfish trap 4 0 --

13-Dec-13 Jug line 4 1 1 blue catfish

13-Dec-13 Crawfish trap 4 0 --

13-Dec-13 Minnow trap 4 0 --

13-Dec-13 Jug line 3.5 5 1 blue catfish, 4 channel catfish

13-Dec-13 Gill  net 2 74 63 blue catfish, 6 croaker, 4 channel catfish, 1 striped bass

13-Dec-13 Jug line 3.25 0 --

13-Dec-13 Cast net 0.5 10 9 menhadden, 1 ladyfish

13-Dec-13 TOTAL 29.25 97 1.08 24.5

GRAND TOTAL 138.75 546
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In addition to the species captured, a number of different bird, mammal, fish, reptiles and crustacean 
species have been observed in or around MGP (Table 9 ; Figure 93).  
 

Table 9: List of observed species that have not been captured. 

 

 

Figure 93: Photo of a river otter napping on the bank of Reach 1 in Mardi Gras Pass, March 10, 2012. 

After several gear types yielded no results with the soak-times administered, an experimental 72-hour 
gear deployment was introduced on three gear types, the pinfish trap, crawfish trap, and minnow trap, in 
order to investigate the effects of a longer fishing effort. The results of this effort yielded a low catch, so the 
specific results of this experimental trial are not presented here and this method will most likely not be used in 
the future.  

Throughout the duration of the sampling, the surface salinity ranged from 0.1 to 0.7 ppt, while bottom 
salinity ranged from 0.2 to 0.8 ppt. Although this is freshwater environment, a number of brackish/saltwater 
species have been captured in MGP. The Secchi depth ranged from 15 cm to 80 cm. The river stage varied from 
0.91 ft. to 2.88 ft. on the eight survey dates (USACE 2013).  

 

Biological Discussion 
 Mardi Gras Pass is a very dynamic system as fresh water (rich in nutrients and sediment) from the 

Mississippi River flows into the wetlands at high stages, while at low stages (depending on tides) the flow can 
reverse and saltwater flows into the Mississippi River. It is evident that numerous species, both aquatic and 

Common Name Scientific Name Common Name Scientific Name

Alligator gar   (Atractosteus spatula) Beaver (Castor canadensis)

Flathead catfish (Pylodictis olivaris) White heron (Ardea alba)

River Shrimp (Macrobrachium ohione) Great blue heron (Ardea herodias)

Needle fish (Strongylura marina) Snowy egret  (Egretta thula)

Crawfish (Procambarus sp.) Double Crested Cormorant  (Phalacrocorax auritus)

Fiddler Crab (Uca sp.) Belted Kingfisher (Megaceryle alcyon)

Deer (Odocoileus virginianus) White pelican (Pelecanus erythrohynchos)

Nutria (Myocastor coypus) Brown pelican (Pelecanus occidentalis)

River otter (Lontra canadensis) Various snakes, lizards, and frogs

Observed Species in Mardi Gras Pass
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avian, are using MGP as a navigable route to and from fresh- and salt-water ecosystems as both fresh- and 
salt-water fish species have been captured in the same net or trap on several instances, further suggesting the 
coexistence of various fresh and saltwater species. In addition, various birds (egrets, herons, kingfishers, 
seagulls, crows, songbirds), mammals (river otters, nutria, beavers, deer, and hogs), and reptiles and 
amphibians (snakes, lizards, and frogs), have been documented in MGP. Recreational fishermen have also 
been seen utilizing MGP for fishing purposes and as a short-cut to other fishing grounds by way of the 
Mississippi River. It is important to get a better under of recreational fisherman utilization and investigate the 
potential for commercial fishing and navigation. The dynamics of MGP, a naturally evolving channel, can be 
contrasted with human engineered conveyance canals, common with the construction of river diversions 
(Figure 94). MGP has a rich diversity and habitat complexity when compared to man-made channels. 

 

 
Figure 94: Photographs illustrate the contrast between a natural evolving channel (Mardi Gras Pass) with rich diversity 
and complexity to the man-made conveyance canal of the Davis Pond Diversion. The physical variety of structure and 
water flow creates numerous ecologic niches, which should accommodate a larger variety of species. 

A number of factors play a role in the success or failure of various types of fishing gear. Some of the 
factors that may have had an impact on the success of some these sampling efforts and gear types include 
seasonal changes in the velocity or direction of flow of water moving through the pass, changes in salinity and 
turbidity, bait selection, and location of trap deployment. Some of the gear types used targeted specific types 
of fish and may be biased against other fish species. Other gear types may have a higher probability of catching 
fish (where fish are contained in the trap or on the hook and cannot escape, or in the case of electroshocking, 
fish have a lower chance of escaping), versus some other gear types that allow fish to move in and out of the 
trap and fish may be able to flee before the gear is collected. One example of how the probability of catching a 
fish can vary by use of a different gear type is in the use of a gill net. There are two components that can affect 
the chances of catching a fish in the net: (1) the probability of the fish encountering the net and (2) the 
probability of the fish being caught and retained in the net. These two factors are basically the same for each 
different type of gear, but the likelihood of a catch depends on the specific attributes of the particular gear 
type used. Also, the biological survey is often limited to lower water conditions because net deployment and 
boat maneuvering becomes difficult in fast moving and/or turbulent water, and therefore may be biased 
against species the generally thrive in fast moving water. 

There is a need to conduct more-frequent seasonal sampling to get a better estimate of population 
shifts that may occur as a result of high- and low-water events. Further work is needed to better understand 
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the entire biological assemblage of MGP. Expanding our survey methods to capture avian, mammal, reptile, 
and amphibian species will give us a better understanding of the biological community, coexistence between 
species, and food-web dynamics. 
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Discussion: Evolution of Mardi Gras Pass 
 Considering the documented increases in channel dimensions and discharge over time for MGP, it is 
obvious MGP has a cascading response to captured Mississippi River flow by increasing its flow capacity, and 
thereby increasing its rate of enlargement. Except for minor periods of sedimentation during low water, this 
has so far been a one-way process toward increasing hydrologic capacity and efficiency. Although MGP capture 
is at most 0.4% of the Mississippi River discharge, this one-way process of enlargement implies continued 
capture of river flow. However, the geologic record is clear that crevassing or overbank overtopping does not 
generally continue, and that there are processes that ameliorate or hamper the erosional process that could 
otherwise lead to an avulsion of the trunk channel of the Mississippi River (Russell et al. 1936). The Holocene 
record of the Mississippi River demonstrates that avulsions occur every 1,500 years (Coleman and Gagliano 
1964; Coleman et al. 1998), which is orders of magnitude less frequent than crevassing. The sub-delta process 
is known to have a growth and decay phase of about 150 to 200 years and “crevasses-splays” over several 
decades (Roberts 1997). Therefore, the convention for overtopping, crevassing and bank breaches along the 
Lower Mississippi River is for these outlets to reach a limit of captured flow, and then stabilize or become 
abandoned. MGP has been active for just eighteen months, including a partial flood cycle in 2012 and a one 
full flood cycle in 2013. 
 Figure 95 illustrates this hypothetical “geomorphic limit” which reflects processes not fully defined 
here. These processes likely include deposition in the outfall area which may restrict flow, as well as landscape 
elevation which defines head; both of which have control on water velocity and, therefore, erosion. Other 
factors such as in situ soil properties, vegetation, and wetland creation, may all ultimately contribute to a 
subtle balance of competing rates. In general, the avulsion or abandonment outcome is determined by 
competing balance of erosion and deposition. Together these properties may drive the crevasse to continue to 
enlarge, stabilize or become smaller. This hypothetical limit is referred to as the “geomorphic limit” and it is 
shown in Figure 95 as a possible boundary to the incremental creep of the rating curve to the right with 
greater flow capacity. 
 

 
Figure 95: This figure illustrates a hypothetical limit to increasing flow capacity of Mardi Gras Pass. This limit may be 
greater or less than some acceptable level of flow to managers. 

Figure 95 also suggests the context of this geologic, avulsive process in the realm of human 
management. For a multitude of reasons all relating to the unnatural management of the river for betterment 
of societal needs, it may be determined that there is a limit to the desired flow through a particular location of 
the river such as at MGP. The limit may or may not fall above the geomorphic limit. If the acceptable limit is 
above the geomorphic limit, the implication is that the need for human management or intervention of MGP is 
minimal. If the acceptable limit falls below the geomorphic limit, then a more aggressive management strategy 
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may be necessary. At this time, the only suggestion of the acceptable limit is the proposed flow capacity of the 
proposed Lower Breton Diversion with the Louisiana State Master Plan (CPRA 2012), which is 50,000 cfs. At 
this time, data is far too insufficient to determine the geomorphic limit of MGP; however, the rate of increase 
does suggest that multiple flood cycles need to occur before the 50,000 cfs discharge limit might be reached. 
Therefore, this would suggest that there is still opportunity to monitor the development of MGP before the 
inferred acceptable limit may be reached and human intervention is needed.  
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