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Preface

The Bayou Sauvage National Wildlife Refuge HydrolodRestoration Phase 1(PO-16)
project wasfundedthrough the Coastal Wetlands Planning, Protection, and Restoration Act
(CWPPRA) on thel® Project Priority Listwith the United States Fish and Wildlife Service
(USFWS9 as the federal sponsdrhe 2@.6 Operations, Matenance, & Monitoring (OM&M)
report for PO-16 is the first and final OM&M report for this project, whichincludes
monitoring data collected throught the life of the projectl9932015)and Operations and
Maintenance activities through 2Q1&dditional documents pertaining the PO-16 project

may be accessed on ti@pastal Protection and Restoration AuthoriGPRA) website at
http://coastal.la.gov/ resources/library/

l. Introduction

The Bayou Sauvage National Wildlife Refuge Hydrologic Restoration, Phase -16)PO
project is located within the Bayou Sauvage National Wildlife Refuge (NWR), approximately
13 miles (21 km) from downtownNew Orleans The 3,706ac (1,500ha) project areasi
bounded by U.S. Highway 90 to the north, the Lake Pontchartrain Hurricane Protection Levee
to the east and south, and the Maxent Canal levee to theandst hydrologically separated

into two units bya railroad embankmenfFigure 1) These twounits encompass Water
Management Units 8North Unit) and 6(South Unit)of the Bayou Sauvage NWRvhich is
managed by the United States Fish and Wildlife Service (USRUWS&FWS 2013)

As a result otonstruction oftte Lake Pontchartrain Hurricane Protection Levee in 1956, the
project aredbecame hydrologically isolatddom the surrounding estuary, thereby creating a
large impoundment with precipitah as the major water sourdélap-gated culvertswhich
required ggnificant head differential to operate, werestalled but werénefficient at draining

the areg USFWS 1994)Approximately 95 ac/yr (38 ) of marsh habitat were lost from
1952 to 199within the 13,000impounded acre of the refuge for a total losd 3,800 acres
(1,538 ha) (USFWS 1992These losses were directly attributed to impounded rainfall and
loss of daily tidal exchange which resulted in extended periods of inundation during the
growing season. The RTb project was proposad 1991as a meas for removing excess
water throughout the year, particularly during spring and summer, to promote -the re
establishment of emergent marsh vegetation and reduce the mortality of black \Biitixv (
nigra), which provides rookery habitat for wading birds.

Prior toimpoundmentthe areaontaining the P16 projecwas descr i bed- as Obr
conerel grass mar shoé by a3kdfiNremn brackish o #e3hinterntediatee v e r
marsh had occurred by 1988 observed througherial surveys@habreck and Linscombe

1978, 1988, and 997). By the time of PO-16 project development, the project areaswa

classified as impounded fresh marsh (W& 1991) with dominant speciesncluding

Spartina patengmarshhay cordgrassjjternanthera philoxeroide&lligatorweed) ] udwigia

spp(water primrose), anBanicum spgpanicgrass)Bottomland hardwoodpecies including

black willow were found on the higher elevations within the project afed993 habitat

1
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analysis showed that the PXB project area contad approximately57% open water, 17%

fresh marsh, 11% forested wetland, and 7% scrub sMahagement Unit 6 (Southriit)

showed significantly greater marsh loss presumably due to an extended period of dewatering
immediatelyfollowing levee constructianwhich led tosediment oxidation, subsidence, and
compaction(USFWS 1991) Management Unit Svas not exposed to this drainage, and
therefore experienced more gradual marsh loss.

The main objective of the RD6 project wa to reduce water levels in orderenhance fresh
marsh and willow regrowth.The projectspecific goals we to (1) promote the
reestablishment of emergent marsh vegetation; (2) lower water levelsSte O ft below
marsh elevatiomuring the spring and summand to within+0.5 ft abae marsh elevation
during the fall and winter; and (3) preser8alix nigra(black willow) habitat in order to
maintain wading bird rookerie$o reach this objectivéwo pump stations were installeahe

in each of the two units, each consisting of airRh diameter Patterson single stage axial
flow vertical drainage pump, with 36 inch diameter discharges, 22,000 GPM capacity, and a
360 di a medteelrdischange piptelim@d weir wasalsoinstalledat Bayou Thomas to
allow independent managementtbé two units Construction was completed in May 1996
and subsequent emation of thgpumpshasbeenconductedy USFWS personnel

(o
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Maintenance Activity

a. Project Feature Inspection Procedures

The purpose of the annual inspection of the Bayou SauMdJR Hydrologic
Restoration Phase | Project (RA®) is to evaluate the constructed project features
to identify any deficienciesand to prepare a report detailing the condition of
project features anctcommended corrective actions. Should it be determined that
corrective actions are needede CPRA shall provide a detailed cost estimate for
engineering, design, supervision, inspectiangd construction contingencies, and
an assessment of the urgency of such repad8IR 2004).

The most receninspection of the Bayou Sauvage Refuge Restoration Phase |
Project (PGL6) was held oi\pril 23, 2014by Melissa Hymel and Barry Richard

of CPRA and James Harris and Neil Lalondd USFWS. Photographs of that
inspection are included in Appendiof this report.

. Inspection Results

Pump #5
Pump #5 is working as designed.
Pump #6
Pump #6 is working as designed.

Maintenance Recommendations

At thistime only preventative maintenance is needed.

i. Immediate/ Emergency Repairs
A None at this time.
ii. Programmatic/ Routine Repairs

A Periodically check pump stations for any maintenance needs.

. Maintenance History

Due to the Hurricane and Storm Damage Rskluction System (HSDRRS) work
to improve the levee system in this grd#e discharge pipes and pumps were
replaced by the UBrmy Corps of Engineers (USACE). The project p&tD,000

4




toward this work and the USAEpaid the remaining costs. These improeats
werecompleted in 2013.

The USFWS and CPRA requeste@ geartime extension on the Project Life due

to the inoperability of the pumps after being damaged by Hurricane Katrina and
during the repair work by the USACE. CWPPRA granted this extensiachwh
moves the end of project life to the year 2023.

Operation Activity

Operation of the PQ6 pumpsbegan in April 1996and was conducted by USFWS
personnefor the duration of the project lifeCPRA has received limited operations
recordsfrom the USFWSto determine if operations were conducted in accordance
with the O&M Plan [DNR 2004) Operations records were sdot CPRA (then
LDNR) for the periods from April 1996 to March 1998 and from December 2009 to
January 2010which showed that the pumps were fanthe durations shown in Table

1. These are the onlgnownoperations, not a complete record of operatiétes. the
USFWS, posHurricane Katrina operations have mainly consisted of regular
maintenance operations toseire the equipment was in working orddreile were two
extended periods during the project life when the pumps were not operational: 1)
August 2005 to August 2006 due Hurricane Katrinadamage and 2)October 2010

to April 2015 due toHSDRRS levee enlegement by the USACE (Figure 2).
Therefore, the pumpsere notoperational fora total of 67 months awpproximately
28% of the project life.

Table 1. Known operations (# days) of the P® pumps in the North and
South Units. Operations during othemé& periods are unknown except for
periods when pumps were not operational. The # of days shown were not
consecutive.

Known Operations of the PO-16 Pumps (# Days)
North Unit  South Unit

Spring/Summer1996 38 18
Fall/Winter1996-97 9 4
Spring/Summer1997 125 23

Fall/Winter1997-98

2 )

Fall/Winter2009-10 9 8

(o
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Figure 2. Timeline of construction andnonitoring events associated with thayou Sauvage
National Wildlife Refuge Hydrologic Restoratio®hase 1(PO-16) project from 1993to
present
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V. Monitoring Activity

Pursuant to a CWPPRA Task Force decision on August 108 #§ adopt the Coastwide
Reference Monitoring Systeietlands(CRMS) for CWPPRA, updates were made to the
PO-16 Monitoring Plan to merge it with CRMS and provide more useful information for
modeling efforts and future project planning while maintaining the monitoring mandates of
the Breaux Act. There is one CRMSesi located in the P®6 project area, CRMS4107,
which will be used to supplement existing projspecific data to further evaluate the
effectiveness of the project. Further information on data collection methods at the CRMS sites
can be obtained in Folst al. 2012.

a. Monitoring Goals

The following measurable goals were established to evaluate the effectiveness of the

project:

1. Promote the reestablishment of emergent marsh vegetation.

2. Lower water levels within the impounded aré¢as0.5 ft to 0.0 ft of
marsh sediment elevation in the spring and summer and to within +0.5
ft of marsh sediment elevation throughout the rest of the year via the
installation of pumps.

3. Maintain black willow habitat in order to promote wading bird

rookeries.
b. Monitoring Elements

The following monitoring elements will provide the infornast necessary to evaluate
the goals listed above. A timeline of data collection events associated with these
monitoring elements is shown in Figure 2.

ReferenceArea

An area north and west oflD and east of a levee along Paris Road was chosen as a
referencearea for the PEL6 project becausé was impounded, had opevater areas

with water levels within 1 to 2 feet, had fresh/intermediate marsh, bottomland
hardwood and willow habitat, and had Clovelly and Lafitte muck soils similar to the
project area (Figure 3); however, some differences between the reference area and the
project area do exist. The reference areaomsietimessubjeced to tidal influence
during the spring via gates connecting the area with Lake Pontchartrain. Also, the
willow habitat within the reference area is not inundated year round and the willows
present are alive and in good condition similar to the higher areas within the project
area.

(o
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Aerial Photography

To document marsh to open water ratios in B@16 project and reference areas,
aerial photographyvas obtainedin 1993, 19962006 and 2012 Nearvertical, color
infrared aerial photography1:12,000 scale, with ground control markemsas
acquired and analyzed fehanges irhabitattype in 1993 and 199@nd for land to
water ratios only in 2006Steyer et al. 1995, revised 2000All remaining habitat
analysesvere changed to land/water analyses upon the implementation of CRMS in
2003.In 2012, land to water ratios within the project and reference areas were derived
from digital imagery with dmeter resolution, acquired in October 2GhPoughthe
CRMS program.In addition to the P€l6-specific analyses described abovand
changedb et we e n 1waskhliSoevalGatedor the RO-16 project area and within a
1-km® at CRMS4107within the northern project unitising Landsat ThematiMapper

(TM) data (Couvillion et al. 2011).

Vegetation
Emergent marsh vegetation sampling statioese estalished along four transects

within the project area and four transects within the reference area (Figures 3 and 4).
The two transects in the northern unit of the project area were chosen to represent
fresh marsh an&partina patenslominatedintermediatemarshhabitat and the two
transects in the southern unit were chosen to represent fresh marsh and open water. In
the reference area, two transects were representatii&paftina patenslominated
intermediate marsh and two transects were open Whiteg. stations were located
along each transect for a total of @@jectstationsand 20 reference statiankhree of

the four transects (Transects 7, 8, and 9) within the project area were first established
and sampledising the lineintercept method by the USFWB®8 1989 (Harris 1989).
During the post construction perioggexies compositigrpercent coverand relative
abundince wee evaluatedt all project and reference transestin 4-m? plots using

a modified BraurBlanquet sampling method (MuelB®ombois and Ellenberg 1974)

in 1996, 1997, 2001, and 2012mergent marsh vegetation was also sampled annually
at CRMS4107within the project area from 2007 to present. At CRMS4107, 4eh 4
sampling plots were randomly located along a-@8&ansect and sampled using the
same method described aboWRercent coverage data from the -B® stations and
CRMS stations were sumnized according to the Floristic Quality Index (FQI)
method utilized by CRMS (Cretini et al. 2011), where cover is qualified by scoring
species according to their tolerance to disturbance and stability within specific habitat

types.

Marsh Inundation
Water level was measured using staff gauges at five locations within the project area
(two in the nortlern unit, and three in the southemmit, Figure 4 and at three
locations within the reference ar¢Bigure 3) The location and number of staff
gauges were determined by USFWS personnel using information gathered during field
investigations of water fls throughout the @&as, andhe collection of weekly staff
gauge readings was the responsibilitlBFWS personnel. Staff gauges and marsh
surface elevatiowithin the project and reference areas wsueveyed relative to

9
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NAVD 88, feet (Geoid99) in 2003 (John Chance Land Surveys 2004). An earlier
survey of the gauges was deemed to be suspect. Weekly gauge readings began in
February 1997 and were to be continued through 2004, although intermittent gauge
readings continued to be collected through 2014.

Hourly water level andadinity has been sampled at CRMS4107 from November 2007
to present using methods described in Felsal. 2012. The continuous recorder is
mounted on a wooden post in open water with sufficient water depths to inundate the
recorder year round.he stations servicedapproximately onceverymonthto clean

and calibrate theecorder and toavnload thedata. A staff gauge is install next to

the continuous recorder to compare recorded wdévels to a known datum
(NAVD 88, ft). During processing, the dataeaexaminedor accuracy and loaded to

the CPRA database and are available for download from the CRMS website
(http://www.lacoast.gov/crm$2

C. Monitoring Results and Discussion

i Aerial Photography

Land/wateranalyses of photography obtainefctthe PG16 project and reference areas
in 1993 (preconstruction), 1996 (asuilt), 2006 (10 years posionstruction) and
2012 (16 years postonstruction)are presentedn Appendix D. Habitat analysese
alsopresentedor years 1993 and 199€onsideable variabilitymay existin habitat

and landhater classifications due to 1) clarity thle image; 2) water levedt the time

the image was taken; 3) seasonality; 4) difficulty in distinguishing submerged,
floating, and emergent vegetation; and 5) ia tase of floating marshes, variable mat
buoyancy and frequent vegetatichangesPhotography waalwaysacquired irnfall to

early winterwhich adjusts for some seasonality differences.

One of the specific goals of the project wias promote the reestablishment of
emergent marsh vegetationthin the project arealt was anticipated that the project
would allow for the maintenance of existing emergent marsh and for the conversion of
1,050 acres of shallow open water toeegent marsh ovethe life of the project
(USFWS 1991, USFWS 1992); however, this goal was notdughg thel6 year
postconstructionperiod (1997 to 2012) included in the analysigrendsin land
changewere compared between the paj@nd reference areas from 19@32012
(Figure 5 Table 2. Land/water analyseshowed a overallloss 0f42% (647 acrespf

the initial land arean the PQ16 project aredrom 1993 (preconstruction) to 2012
(Year 16).Percent land within 1 project aredecreasd from 41% in 1993 to 24% in
2012 (Figure 5)Alternatively, land acreage was relatively stable within the reference
area with an overall loss of 1% (32 acres) of the initial land acreage from 1993 to
2012.The period ofgreatest land loss in the project area occurred from 1996 to 2006
(-887 ac,-48% land losg, while the reference area showed a small lsd of 6

11
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Figure 5. Trends in % lan@hangewithin thePO-16 project and reference area from
1993to 2012.

Table 2 Land areage changes within tiRO-16 project and reference area from 1993
2012

Project Area Reference Area
i i Land Change| Land Change
Time Period 0 0
Change Chg)n o Rate | Change Chg)n o| Rate
(ac) % (aciyn) | (a0) % (aciyn)
1993 1996 330 | +26 | +110 " - o
(Preconstruction)
19965 2006 )
(Year 1 through 10) 887 -48% -89 -6 -<1% <1
2006 2012 0 ]
(Year 10 through 16 -90 -9% -15 +59 +2% +10
Overall )
(1993 2012) -647 | -42% -34 -32 -1% 2

12
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acres Extreme climatological events occurring during this period included a severe
drought in 1999 through early 2000 and Hurricane Katrina in 2005, which may have
accelerated land loss in the project area; however, negative impacts from these events
were notreflected similarly in the reference area.

Land/water analyses may be confounded by differing water levels at the time of photo
acquisition. No water level readings were taken within the project area at the time of
the 1993 or 2006 photo, bstaff gaugeeadings were takan 1996at PO1601 a few

days before and after the photo acquisition .daéteese readingsuggest that war

level was approximately 0520.3 feet below marsh level. At the time of the 2012
photo, hourly continuous water level readingsrevbeing collected at CRMS4107,
which show that the water level was more than a foot higher than in 1996 and 0.9 ft
above marsh levelNpte: This is relative to P€16 average marsh elevation, not
CRMS4107sites peci f i ¢ mar s hrshdduredamant 6 odni.s cSueses i 6oMa,
Precipitation data are not available for the-B®project area, but NOAA gauge data
from nearby Lakefront Airport show that the total spring/summer precipitation in 2012
was the highest measured from 1993 to 2015 (Figure 6). Laterwevels in the
project area during the time of the 1996 photo may have artificially inflated the total
1996 land acreage, thereby increasing the subsequent % land loss in the following
period. Alternatively, high water levels during the 2012 photo hmeaye caused an
underestimation of land acreage within the project area. Water level readings are not
available within the reference area on or near the four photo acquisition dates.

Despite the confounding effects of water level on thel1lBQCaerial analyss, an
analysis of multtemporal satellite data from 1985 to 2010 also reveals a negative
trend (F=0.63) in % land within the PQ6 project area (Figure 7). Land/water data
derived using techniques described in Couvillion et al. 2011 show an even tpeater

of land acreage between 1995 and 2006 of 1,258 acres. Total % change in land from
1985 to 2010 was/ 1%, with a total 2010 land acreage of 984 acres. Water level data
at CRMS4107, however, show that the marsh was flooded during each of the last three
analysis years (2008, 2009, and 2010) which may have led to an underestimation of
land acreage in those years. Although there is uncertainty in the exact acreage lost
within the project area, it appears that the existing land acreage was not maintained
ard land gain did not occur as expected. Although the pumps were operational in 13
of the 16 postonstruction years included in the analysis, the lack of operations data
make it impossible to determine whether land loss occurred despite being operated as
intended or because operations did not occur as intended.

13
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il. Vegetation

The goal to promote reestablishment of emergent marsh vegetwitioin the PQ16

project areavas not achieved based on the vegetataraplingconductedrom 1996

to 2012. The intent of the project was that drawdown of water levels during optimal
periodsvia the installed pumpsould promote germination of marsh véggeon seeds

on exposed mudflatdn 1996, four vegetation transects were established in both the
project and reference areas with 5 sample plots per transect for a total of 20 sample
plots in each areaSeveral transects were placedshallow, open waterwith the
expectation that these areas would become vegetated, but this did not occur. All five
plots onTransect 9, two plots on Transec{FHgure 4) andall plots onTransects 20

and 21 in the reference area (Figure 3), remained open water througimtittee
sampling period from 1996 to 2013ix additionalplots converted to open water
between 2001 and 2012 in the project area, while onlyaddionalplot converted to

open water in the reference ailgagure 8) For the purpose adescribingchanges in

the vegetative community over time wittihne project and reference areplets which

were open water for the entire sample peraate not included in the analysis. The
remaining pots included in the analysis within the project area (n=13gWszated on
Transect 7 (n=3) andransect 8 (n=5)n the north unitand Transect 10 (n=5) within

the south unit(Figure 4) Plots inclued in the reference area=<10) were located on
Transect 18 (n=5) and Transect 19 (nfé&yure 3)

Number of Open Water Vegetation Plots over Time
PO-16 Project and Reference Areas
16 -
14 -
E 12 -
o
g 10 -
; g - —4—Project
=1
8 6 - —B—Ref
T 1
E-3
2 -
0 T T T 1
1996 1997 2001 2012

Figure 8. Number of open water plots over time within the-B®project (n=20) and
referencgn=20)areas.
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In 1996 and 1997, the vegetation community within the project area plots was a
diverse fresh to intermediate mar@figure 9) Major species in the project area in
1996 and 199Avere Panicum dichotomiflorumCyperus odoratysBacopa monnieri
Ludwigia leptocarpa and Spartinapatens Total percent cover of vegetation within

the project areglotsincreased from 1996 to 1997, but théwowed sharp declines in
2001 and 2012By 2012, only four plots contained live vegetatiaii within the north

unit: two on Transect 7 and two on Transect 8. Transect 10, which was located on a
thin strip of vegetation on the western side of sheath uni had converted to open
water by 2012There were distinct differences in the vegetative community between
the three project area transects. While Transect 7 was dominagdobiensn 1996

and 1997,S. patensvas not present at Transect 8 until 2qERyures 10 and 11)
Transect 8 was a more diversemmunity dominated bi. dichotomiflorumand B.
monnieri but showed a steady decline Bf dichotomiflorumover the four sample
years. Transect 10 was dominatedLbyeptocarpain 1996,C. odoratusin 1997, and
Panicum repens 2001 before converting to open water by 2(Rigure 12)

The vegetative communityvithin the reference arealots was typical of aSpartina
patensdominated intermediate marahd was most similar to Transect 7 in the @coj

area. Unlike the projecrea, percent covan the reference aremntinued to increase
through 2001before decliningin 2012. Species richness; the project area was
initially twice as highasthe reference areaut then decreased in 2022 aresult of

the conversion of plots to open wateather than change in communityithin
vegetated areas (Figurea)3If total number ofspecies is expressed in relation to the
number of vegetated plots per sample year, there was actually an increase in th
number of species per vegetated plot withingiagect area over time (Figureld)3

Several climatic events occurred during the study period wbitlntially induced
vegetative stress within the Bayou Sauvage mardbeseme drought occurred in
souheastern Louisiana 119932000 and in 201{Figure 6)causing excessive drying
and oxidation of soilsSalinity was not measured withihet project area during the
19992000 drought, but salinity measured at CRMS4107 in July 2011 reachiegh

of 25 pptas evaporation occurre®y comparisonsalinity at nearby CRMS3626 and
CRMS3650 outsle of the impoundment wdsss than 3 pptluring the same time
period Severalmajor storms also impacted the project area including Hurricane
Katrinain August 2005which led to an influx of brackish water into the impounded
areas Retention ofstorm surge floodwaters for up to 3 weeks within theayu
Sauvage impoundments was estimated to caeady 68% mortality of overstory and
understory trees (Howard 201d)ifferences in the plant community between the
project and reference are@sy explain the differing responsetteseevents over the
study period In 1996 and 199770 and 85%of the project area plots were
characterized as fresh basaedtbe species prese(Figure 14, but by 2001 all plots
on Transects 7 and 10 had transitioned to intermediatepdrcentage of intermediate
plots in thereferencearea, however, has ranged from3®b for allyearssampled
The more intamediate speciewithin the referace areanay have been more resilient
to salinitystressoeventsduringthe samplgeriod.

M@ 16

rmnamsiisine 2016 Operations, Maintenance, and Monitoring ReportBaryou Sauvage NWR Hydrologic Restoration, PHageO-16)




160

100 plant Name
Other

- 90

Vigna luteola

Phyla spp

Baccharis halimifolia

Kosteletzkya virginica

mmm Alternanthera philoxeroides

Echinochloa walteri

Cover (%)

Schoenoplectus americanus

fnjenp onsuopy

N Juncus roemerianus

Ipomoea sagittata
mm Sesbania spp
| udwigia leptocarpa
mmm Panicum dichotomiflorum
B Cyperus odoratus

I Bacopa monnieri

Project Reference I Spartina patens

PO-16 =f=—FQl

Figure 9. Mean percent cover of species within the-B&project and reference areas and the Floristic
Quality Index (FQI) score for each year sampled.
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Figure 10. Mean percent cover of speci®ng Transect Within thenorth unit of thePO-16 project
area and the Floristic Quality Index (FQI) scbian 1996 to 2012
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Figure 11 Mean percent cover of speci@eng Transect @&ithin thenorth unit ofthe PO-16 project
area and the Floristic Quality Index (FQI) scbien 1996 to 2012
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Figure 12 Mean percent cover of spec@®ng Transect 1@ithin thesouth unit of thé>O-16 project
area and the Floristic Quality Index (FQI) sctimem 1996 ta2012
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Figure 13.A) Total number of species within the PA® project and reference areas
over time. ; B) Number of species per vegetated plot within thé@@Qroject and
reference areas over time.
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Vegetation sampled annually @RMS4107 (Figure 4) from 2007 to present indisate

that areas of stable, intermediate marsinain within the PQG16 North Lhit. The

vegetative community at CRMS4107 is highly dominatedSbyatensvith a mean

total cover ofS. patenganging from 47 to 2% (Figure 15). One tool that has been

used to assess the quality of the vegetation community at the CRMS sites is the
Floristic Quality Index (FQI) (Cretini et al. 2011). The FQI score is calculated by
assigning each species a CC score, or coefficieon$ervatism, which is scaled

from 1 to 10 and reflects a speciesd tol
The modified FQI equation for Louisianafs
not only the CC scores, but also the percent coverpedies at a site, and the

resulting FQI score is scaled from 0 to 1BQI scores greater than 71 atassified as
6goodd, lkees 6plham 6639 andr bet we s nMe8nFQd nd f & il |
at CRMS4107 from 2007 to 2015 was 65, and ranged &»nm 2012 (postrought)

to 84 in 2014. Al t hough considered ofairéo
than the mean FQI for all intermediate CRMS sites and for all CRMS sites within the
Pontchartrain basinndicating that the vegetation communigt CRMS4107 is
relativelyrobust and stabl@=igure 16).

Mean FQI scores were calculated for the F&project and reference areas for each of

the sampling years (Figuresl?). FQI scoreswvere generally higher for the reference
areaplots due to the high aurrence ofS. patensvhich has a high CC score of 9.
However, FQI scores were still below the ideal range eI @D for fresh/intermediate
marsh in all years except in 1997 within the reference area. The presence of fresher
species, some of which are asigted with disturbance and therefore haveelo@C
scoresresulted in a lower FQI within the PTb project area plot&Ql in the project

area reached a high of 42 in 1997, but then dropped sharply in 2001 and 2012 due to
the loss of vegetative covand the eventual conversion of most plots to open water.

Together, the vegetation sampling conducted at thd®@lots and the CRMS4107
plots demonstrate that although there are areas of robust marsh within th@ PO
project area, current land loss trerttireaten thenarsh community. The 42% loss of

land acreage observed through the aerial land/water analysis was reflected in the
conversion ofmost PQ16 plots to open watewhile the PG16 plots were established

in 1996, the CRMS4107 plots were estdidid more recently (2006) in intermediate
marsh that for now appears to be stable and healthy. The high percenfagetens

at CRMS4107 may continue to provide some resilienciiture high salinity events

and te plots at CRMS4107 will continue to Isampled annually to monitor the
ongoing condition of the marsh community.
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Figure 14. Percent of vegetation stations by habitat type as determined by species present in
the PQ16 project and reference areas from 1996 to 2012.

Figure 15.Mean percent cover of species and the Floristic Quality Index (FQI) atore
CRMS4107within the north unit of the PQ6 project are&rom 2007 to 2015
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