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ABSTRACT

Barataria By, Louisianais a dynamic estuary with ongoing disturbanitesis in need
of restorationDevelopment and validation aflower Barataria Bayndex of biotic integrity
(IB1) for the summer season was theus of my researcfhis Bl was created using 2005 data
andevaluatedvith 2006 and 2007 data to demonstrate the feasibilitlgisfipproach in coastal
Louisiana The IBI successfully distinguished sitggh differing levels of degradationsing
ninefish metrics While pursuing this effort, two serendipitous events occumtaenan oil spill
then ahumricane impactedhe study area.fis gave m@pportunitiedo examine pulse
perturbations in the arebshowed immediate effects frothhe 20050il spill usinga beforeafter
controkimpact (BACl)analysis andound thatfish abundanceweresignificantly different days
after the spilll examined the recovery path of the nekton commuafigr Hurricane Katrina
and foundhat by thespringthe yearfollowing the storm there were differencessipecies
composition from pr&atrina compositiondHowever,by two yeargpostKatrinaspecies
compositionsaand environmental variables measuremergse similar to prestorm conditions. |
examinel the transformation frorBpartina to blackmangrove dominatednarsh edgéalong
term orpressperturbation)andits effectsonthe nekton communityNekton abundances were
higher inthe blackmangroveand transitior{mixed Spartinaand black mangrovejegetation
dominated marskdge habitat typthanthe Spartinadominated marslkedge However,a
fisheries speciegarfantepenaeus aztec(lsown shrimp)wasmoreassociated witlspartina
than mangroveBy creating bop modetof thes t u d y marshedg éasnmunity | explored
threeother press perturbatioasong withblackmangrove encroachmeftheseother
perturbationsverefreshwater diversions, shrimping pressaneg wetland lossviodels
predicted thamangroveencroachment decreasgdiss shrimpireshwater diversianincreasd

the water colum predators, shrimping decreaseading birdsand algagandwetland los$ad a

Xii



negative effect oalgae Variations to the model showed some differenamong the
community response$his disgrtation illustrates how resilient the fausan BaratariaBay,
which along with the proper assessment technigueges this areastrongcandidate for

restoration and management efforts.
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CHAPTER |

BACKGROUND : ASSESSING PERTURBATIONS IN BARATARIA BAY
INTRODUCTION

Southeastern Louisiana is a dynamic and productive areapptioximately40% of the
United State3coastal wdands (Boesch et al. 1994)nfortunately hesewetlands are
decreasing imreaat an alarming rafavith an estimated 1,704 Krof wetland losin the past 30
years(Barras et al. 2004). Thisssis devastating because Louisiana coastal wetlhads
significant ecological and socioeconomic valGeastal wetlands provide essential habitat for
commerdal and recreational fisheriea@ migratory waterfowl, protect populated southern cities
and ports from storraurges andsupportsignificant oil and gas production (Boesch et al. 1994).
Louisiana makes a substantial contributiothe county 6 s e n e r g yhesffshpredily wi t h
ports handlingapproximately 13% of the oil for the entire country (Revette 2007). The outer
continental shelf combined with inshore production ranks the asategmber one in crude oil
and numbetwo in natural gas production (Crou2d07). In 1999 ports ofLouisiana created
$422.97 million in revenue with approximately 345 million metric toh&aterborne commerce
(Ryan 2001). Along with industrial commerdisheriesareprofitable businessfor coastal
Louisiana.The Gulf of Mexico has theecondhighes$ annualcommercial fisheries landings in
the United Statesvith Louisiana contributingver400, 000 metric tors to the Gulf harvests
2006(NMFS 2006). The dominant fisheries specdiresouisianaareCallinectes sapiduglue
crab),Litopenaeus sesfus(white shrimp) Farfantepenaeus aztec(lsrown shrimp), and
Crassostrea virginicugAmerican oyster)with Brevoortia patronuggulf menhaden)
contributing signifia nt | y t o fighdries fonal and fisim rieglPerry and Mdivain

1986 Chesney et al. 2008hervette et al. 2008MFS 2006).Growth of hese industries



spurred by increasing human demands for food and eaeegyowing and expanding the
multiplestressesih o u i s i a n a 0 sinclodingatiered Wateaquadity, b#ht disturbance
and alteration, modifications indflv regime, and nutrient loading.

Thesestressors threaten the current structure of the flora and fauna of northern Gulf of
Mexico coastal environment§here hae been increasan the rate of tropicalterm landfals
andtheir destructiveness in recent decadesénuel 200p Warming trends are also causing
northern movement of some species and a decline in oet(2004. Local consequences of
these changesereevidentafterthe 2005 and 2008urricaneseasonswhen four major storms
hit the Mississippi,Louisiang and Texas coast linesid causedassivevetland and
infrastructure destruction and loss of I¥arming trend$ave also caused a decrease in freeze
events thaaire fosteringAvicennia germinangblack mangroveexpansiomoticeablyalongtheir
historic northerdimit on the Chandeleursslandsin southeasterhouisiana(Mendelssohn and
McKee 2000) These environmental modifications will affect the langenber of species that
utilize coastal wetlands during their early life history stagderasomethroughout their lives.

Most perturbations that alter environmental factors not only gtaticularspecieslife
history stages, or populatigrzut alsogroups of populationsand entire communitiesccurring
in the same area (Crowder 1990)ised a community ecology approaclatllressjuestions
aboutthe southern portionsf BaratariaBay in southeastern Louisian&his methodology can be
difficult as it is important tawonsderthe idea of scal&Changes seeata site may not be as
evidentacross larger scalestime study arear uniform overthe entire Bg. Based on
guantitative sampkeofthe marskedge nekton community explored how the community

respon@dto anthropogenic and natural disturbances.



5 A D
_ ~Barataria Basin .

LSU Atlas

Figure 1.1. Map of Louisiana and the Barataria Basin outlined in black and the study area
outlined in white.

MATERIAL AND METHODS
Study Area

Barataria Basin is an inactive deltaic region that lies west of the curcerthof the
Mississippi River (Fig 1.1). River input combined with a humid, subtropical climate and other
biological and physical gradients have created a specialized and productive 8attesn(d
Hebrard 1976Conner and Day 1987). Approximately 55%luéwetlands that interact with the

Gulf of Mexico are included in Barataria Basin (Turner 2003). This estuary is approximately 110

3



km long and 50 km wide and characterized bg large salinity gradient. Historicallthis

system was dividedlong the daity gradient intoswamp forest, fresh marsh, brackish marsh,
saline marsh, and offshohabitats (Bahr and Hebrard 1976), with plspécies versity
decreasing with increasirgglinity from north to southlhe marshwas historicallydominated by
Spartinaand still is butwith increasing biomass of black mangrowseas of high perturbation
have other vegetation suchBatis maritima(saltwort),lva frutescencémarsh elder), or
Phragmites australis5common reed).

The southern portion of BarataBay has145,000 ha of damarsh (Conner and Day
1987), whichresuls from the closure of the Lafourchdississippi River connection arah
enhanced levee system that hasofutreshwater input to the Basin (Conner and Day 1987).
Today, the main soure of fresh water for thBasinis a mearprecipitationof 1.6 m yf.
Precipitationtidal flux, and windsnfluenceBaratariaB a yvargblesalinity, which ranges
seasonally and spatially from 6 to 22 psu (Baumann 1987, Childers et alBa&2Gt al.1993).
The substrate is mainly fine sediment that was deposited by the Mississippi River. Barataria Bay
is a microtidal system with a semidiurnal mean tidal range of 0.3hensduthern portion of the
Bayis highly turbid (>10 NTU)and shallowwith deph rarely exceeding 2 m except in the
Barataria Waterway and channels (Baltz et al. 1993, Allen and Baltz ¥98i9ughthis is a
typical northern Gulf of Mexico estuary, it has seen an accelerating increase of human and
natural disturbances in recent y@aBecause of perturbation and the obvious economic
i mportance of Louisianads coastal marshes, ef
increased.

Field and Laboratory Methods

Becausé wanted to successfully estimate densities and population abusdarece

shallow estuary, | used a drop sampEmmerman et al. 1984, Baltz et al. 1993, Baltz et al.



1998, Rozas and Minello 1997This study was targeting the smsleciesand younger life
history stages darger species found alomige marshtedge Drop samplings quantitative with
high recovery efficiency for these size classes in the marsh (Rozas and MinellStE@9F et

al. 2006. My drop samplewasa 1.18 m fiber glass cylinder with an aluminum skirt as
modified fromthe Zimmerman et al. (18) design(Baltz et al. 1993, 1998}t extended
approximately2 m from thebow of a 5.2 m Boston Whaler. The sampler was attache@
tall mastthatwas connected to&7m boom (Fig 1.2). A pin through a swivel attached the
sampler to a winch otheboom After quietlymaneuveringhe boat towards the marskge, |
deployed the sampler by pulling thedeasein, whichcaugdthe sampler talropinto the water
and the aluminum skirt to cut into the soft substrateer the sampler was seatedydted time

of day and markethelongitude and latitude coordinates of giee with aglobal positioning
system GP§ unit. Samplingoccurredat random times during the dayeansureall water levels
were representetiroughout the study area. This samp@eclose the water column nekton
community and Ipumpedthe water from the sampler withTael Trash Pump and filtefét
through a 333 um mesh plankton tetollect allfree swimming fishes and macroinvertebrates
Collected invertebrates were fixed with 10% formalin and fishes were placed in an ice bath on
theboat. In the laboratory, fishes were fixed witb?o formalin and all nekton were indentified,
counted, and preserved with 70% ethanol. All fishes were meetsstandard length (SL) and
sex and carapace width (CW) were recorded for all crabs. Because altered water and habitat
guality affect nekton community composition and abundances, | measured the following
variables at each site (place where the samplerdn@pped): salinity (psu), temperatut€y,

and dissolved oxygen (md)lwith a YSI 85 water quality meter. Mean water velocity (¢t s

was measured with a MardhcBirney Model 2000 FloaMate, turbidity (NTU) was analyzed in



Figure 12. Drop sampler near the marsh edge witgistandboomsetup on the Boston Whaler.

the lab with a Hach 2100N, and pawater toxicity analyzed from sediment cores with a
Microtox® Model M500.Mean depti{m) (maximum + minimum depthj2distance to marsh
edge from the sampler (m), dominant and subdominant marsh edge vegetatolominant and
subdominant substrate type were measured outside sdthgler Samples were dlectedin the
southern portion of Barataria Bay near Grand (Blg 1.1) Louisiana from March to August in
the years 2005, 2006, and 2007.
SUMMARY

My primary goalas to characterize the response of madde nektono different
levels of degradatioand create a biological assessment tool to identify the level of degradation
of the lower Barataria Bay marsh. While conducting samplinghisaforementioneabjective,
there were some serendipitargghropogenic and natural disturbanoaghe study age There
has also been a losigrm perturbatiorfa press perturbatiorsensuBender et al. 1984in study
area with increases in temperature over the past decade. | was able to test hygplothe sesoil

spill, hurricane, and shift in marskedge dominat vegetatioraffect onthe lower Barataria Bay



nekton abundances and compositions. | andlgiiedata with a MANOVA to ensure there were
no interactios among the variables year, season, habitat, and degradation level.etak
MANOVA was significan{Fa4, s03= 1.64,P = 0.007) anchad significant interactions for season
and habitatis g3= 3.74,P = 0.011), and season, habitat, and degradation IEygb{= 3.32,P
= 0.020). These interactions weaden into account in further analysesl seasons were treated
as separate data sets for all analygédsle there are seasonal variations in species compositions
and abundancaesithin yearsin estuariespatterns of a given season across years are predictable
in estuaries (Loneragan 1989).

To assess ecosystem health and to monitor restoration efforts, researchers often use an
index of biotic integty (IBI). Chapter 2 developed and validatetlower Barataria Bay IBI for
the months June, July, and August. This preliminary IBl was creatb@005 data and tested
with 2006 and 2007 data to demonstrate the feasibility of the approach in coastal Lolilsana.
IBI evaluated levels of degradatiamong site®y combiningnine fish metricereated from fish
abundance, composition, anf lhistory attributes. The IBsuccessfully distinguished sitesth
low, moderate, and high degradatitBIs can be used hesource managevath varying
expertise to monitor the effectiveness of restoration projects or asses areas for future restoration
efforts

After a month into sampling, an oil spill accord near the upper portion of the study area.
In Chapter3, | examinedhe immediate effestfrom an oil spill in the study area gpring 2005.
| had the unique opportunity to use a befafiercontrotimpact (BACI) analysis and showed
that fisreswere displaced days after the spill, but ldagnexamination ofrearecoverywas
thwarted by HurricareeCindy and<atrina. Chapter4 focusedon the resilience of #nekton
community after category 1 and categ8rhurricas made landfall near the study area in 2005

| examined the recovery pathtbie nektoncommunity afer the two storm eventandfoundthat



although there were community differeneegear after the storm nektabundance and
communitystrucure weresimilar to pe-storm conditionsvithin two years

Although Chapters3 and4 arespecificexamples of human and natural perturbations,
Chapter5 focuses orthetransformation of marsh fromSpartinadominatedo blackmangrove
dominatedsystemand possibleféects of this transitioronthe nekton communityAlthough
Spartinastill dominates, there are many mixed stands and other areas where black mangrove
dominatesl used samples and environment data collected along those twoedgesh
vegetaibn types and a transonal marshedge habitatype (both Spartinaand mangrove as €0
dominant vegetatignl found there was a trend of mangroves occumitg steeper marshdge
slopeshanSpartinaand that nekton abundanagerehigher in mangrove doinated than
Spartinadominated marslkedge habitatype An importantfisheries specieBarfantepenaeus
aztecugbrown shrimp) that were more closely associated $tartinathan black mangrove
and this relationship needs to be explored in more dpta@h the expected changes in habitat
structure

The last chaptesf my studyconcentratd on modeling the biotic and abiotic
relationshipsn the marsh edge habit&hapter Ss a qualitative (Loop) model of the Barataria
Bay marshedge communityand it modetd possible shifiin trophic dynamics fromalterations
such adlack mangrove encroachmemigreased freshwater diversion, shrimping pressure, and
wetland loss. The model has nodesdamivorousvading birds, water column predators,
penaeil shrimp, benthic fishes, small crabs, and grass shrimp as the biological vaHablést
was represented in the model with nodes for turbidity, fine sedimgag Sparting andblack
mangroveThesethreemodek predicted thamangrove encroachmewbuld decrease grass
shrimp;freshwatediversion would increaseater columrpredatorsshrimppressureavould

decreasavading birds andlgae and wetland los&ould havea negative effect oalgae This



gualitative model can be a useful tool to pinpeoatationships within the community that would
be of interesto resource managers and usespecially withregard tahe long list of ongoing
changes occurring in Barataria B&aratariaBay is a dynamic estuaiyat has experienced
high levels of histocal, present, androbablyfuturedisturbancesand isdesperatelyn need of
restoration. Each of these Chapters exathandifferent aspect of the perturbations that
historically and currently affect the Bdaria BayImportantly, mydissertationllustrateshow
resilient fauin the By is, whichmakesthis areaa good candidate for restoration and
management efforts.
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CHAPTER ||
CREATING AN ESTUARINE INDEX OF BIOTIC INTEGRITY (I1Bl) FOR LOWER
BARATARIA BAY, LOUISIANA

INTRODUCTION

Southeastern Louisiana coastal waters have been experiencing increasing human
influences for decades, and these include Native American fishing and the arrival of Europeans
(Jackson et al. 2001, Jumonville 2002). Major impacts from humans in the systeneare
building and canal dredging, oil and gas exploration, water control through impoundment,
diversions, commercial and recreational fisheries, introduction efrmthgenous species, and
pollution (Chesney et al . 0&&A7%ofthetofalsi anaods
Louisiana population, according to census estimates in 2006 (U.S. Census Bureau 2007). People
have developed the barrier islands that protected the decreasing wetlands of Louisiana. The coast
also provides the state with econonflicanportant industries, including shipping, petro
chemical, and fisheries. Companies have dredged areas which increases erosion and creates
spoil bank edge marshes in the historically monospesgartina alterniflora(Sparting marsh

The MississippRi ver i s the worl dds busiest water we
been the center of international trade since 1718 (PORTNO 2009). This has led to levee building
and dredging efforts such as the Mississippi River Gulf Outlet. These levees haveediecreas
freshwater, sediment, and nutrient input into the wetlands (Lane and Day 1999). Since its
inception in the early 1900s the petrochemical industry has been in Louisiana and continues to
expand (Revette 2007, LDED 2009). Approximately 66,498 km of pigeliistribute natural
gas and crude olil in, around, and out of Louisiana (LDED 2009). Boat traffic needed to support
and monitor these pipelines and ancillary equipment further erode fragile wetlands. There are

also numerous platforms and pumps dottingrisbore region of coastal bays. These inshore oil
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and gas infrastructures have exposed wetlands to oil and gas spills and leaks (DOT 2005). The
petrochemical business influences the same coastal areas as the fishing industry.

Recreational and commerciatieries in Louisiana are some of the most profitable in the
country Jackson et ak001). In 2006, commercial fisheries landings exced@&d 900metric
tons andhere were approximately 1.2 millioaareational anglsfNMFS 2006). Commercial
trawl fisheries have dredged and changed the biota of large portions of the coastal systems
including wetlands in pursuits of white and brown shritifofpenaeus setiferuend
Farfantepenaeus aztequ3 hese fisheries also produce high rates of bycatch mortalitye of
estuarine dependent species found on Louisian
anthropogenic influences compounding the effects ofesad rise and erosion it is necessary to
develop a method of easy assessment of redgh health. One wdo assess human effects on
a system is to measure biological changes along a known gradient of human influences.

Biological assessments of ecosystem health using the multimetric index of biotic integrity
(IB1) is effective in documenting changing responses to changes in habitat quality (Karr and Chu
1997, Gibson et al. 2000). The index IBI utilizes biological attebuwhich are measureable
components of biological systems, to show differences resulting from human caused alterations
to water quality, flow regime, energy resources, or biological interactions (Karr and Chu 1997).
The most useful metrics are biologiedlributes that are easy to interpret, change with increasing
human influences, are sensitive to a range of biological stressors, and can be used to discriminate
between human induced and natural stresses of a system (Karr and Chu 1997). Examples of the
latter are difficult to identify for Barataria Bay, as it has a long history of anthropogenic and
natural disturbances (i.e. industry and tropical storms). Examples of measurable degrees of
human influences are types of disturbances (fisheries or indysty)mity to human

occupancy, or type of marsgdge vegetatiorSpartinato spoil bank vegetation). Multiple
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attributes should be tested to validate its merit for the index. As many indexes have been created
for freshwater systems (Karr 1981, Miller et 888, Oberdorff and Hughes 1992, Karr and Chu
1997), few have addressed dynamic estuarine systems (Thompson and Fitzhugh 1986, Engle et
al. 1994, Deegan et al. 1997, Engle and Summers 1999, Hughes et al. 2002). Most estuarine Bl
researchers concentrated fish community attributes in constructing their multimetric indexes,
becausdishes respond more predictably to abiotic changes to habitat quality (Thompson and
Fitzhugh 1986, Miller et al. 1988, Karr 1991, Oberdorff and Hughes 1992, Deegan et al. 1997
Karr and Chu 1997, Simon and Lyons 1995, Hughes et al. 2002). Also, state and federal agencies
use fish community criteria for standards in freshwater ecosystem health (Simon and Lyons
1995, Gibson et al. 2000). Fishes are preferred because they havigenature than other
macrofauna written about them, are present throughout aquatic habitats, are easier to identify
than small invertebrates, range across multiple trophic levels in the same area,-Avediong

and have high levels of public awareng@sarr 1981, Whitfield and Elliott 2002).

My objective was to identify metrics to diagnose the condition of locations that have
suffered various levels of degradation in a complex estuarine system that has experienced a long
history of anthropogenic infence. To do so, | used an iterative process. | first had to detect
response metrics from testing, evaluate the metric defined health of sites against previous
expectations, and interpret these values in terms of an assessment of the entire area (Karr and
Chu 1997). The metrics used can show differences with a range from apparently healthy area
with many stress intolerant species in multiple trophic levels to degraded areas with few stress
tolerant fish species (Karr 198The classification criteria for IB are both species richness and
ecological factors (Karr 1981). Species richness criteria such as diversity are useful tools to
assess system health, but can overlook important rank order shifts in complex ecosystems like

estuaries. Using species compiositmetrics with trophic levels or life history categories and
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abundance helps to classify the habitat quality of a system (Oberdorff and Hughes 1992, Deegan
et al. 1997, Engle and Summers 1999). | sampled different attributes of the system to identify
thar ability to respond across differing levels of degradation (Karr and Chu 1997). Once
appropriate metrics were identified they were scored from 5 (less degraded) to 3 (moderately
degraded) and then 1 (highly degraded) (Deegan et al. 1997, Karr and Ch&dgle and
Summers 1999). These metric scores are summed to create the index value for each site sampled
(Simon and Lyons 1995, Deegan et al. 1997, Karr and Chu 1997). Statistical analyses such as
ANOVA and discriminant analyses were then used to dsigueificant differences among index
values for sites in differing states of degradation (Deegan et al. 1997, Engle and Summers 1999).
Because these indexes are multimetric, they are sensitive to the changes to a system from
increased anthropogenic influegsc(Karr and Chu 1997 this study, | used two seasons of
data from 2005 to develop and test fish metrics in an effort to create a lower Barataria Bay IBI. |
used data from 2006 and 2007 to validate the model.
MATERIALS AND METHODS
Study Area

The studyarea consisted of marglge habitats surrounding three island groups in the
lower portionof Barataria Waterway Bay (FigD). This area was chosen to reflect uniform
water quality measurements (water terfmgérature
1), depth (cm), and mean water velocity (Cth ® minimize these influences on the fish
composition of the samples. Based on my assessment of the accumulative influence of human
activity, one of three ordinal levels of degradation were assigneddh sampling location
within the sampling area.dssdegraded locations had sloping marsh edge, were dominated by
Spartinaand/orAvicennagerminangmangrove) vegetation and had silt and organittanas

primary substrate (Fig.2.a). These less deged locations were generally harder to reach and
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somewhat protected. Moderately degraded locations have more boat and wave action or were
areas of past human influences that had been decreased in recent time. While tieelgearsh
vegetation is similar bewen less and moderately degraded locations, moderately degraded
location has shell and sds its dominant substrate (Fi@2). Highly degraded locations have
weedy spoil bank vegetation suchMgrica cerifera(wax myrtle) andva frustescengmarsh

elder) orPhragmites australifcommon reed), a steep and often eroded rredgle slope wit

shell or sand substrate (Fi®2z). These sites were also deeper and were harder to sample along
the marsh edge. Most of the highly degraded locations hadali@sipthe marsh edge such as

tires, rebar, and cement. At each of the locations, we took three independent samples to fully
characterize the marsh edge of that degradation level replicate (Fig 2.1).

Field and Laboratory Methods

Monthly from March to Augusl randomly deployed the drop sampler at three
independent sites within each of the four replicate locations for the three differing levels of
degradationr{= 216). At each site after the sampler was seated, GPS coordinates, time of day,
marsh edge vegation, and dominant substrate were recorded. | also measured mean water
velocity, mean depth, and water quality before evacuating the trap and collecting all fishes that
were fixed in formalin and preserved in alcohol. At the laboratory turbidity and ptaew
toxicity were analyzed from water and sediment samples collected outside the trap. | identified
and counted the collected fishes and divided fish taxa into life history categories of estuarine
resident or spawner, the trophic category of top carni\aoe spatial category of benthic life
history (Table 2.1). Species were also divided into compositional groups such as the orders
Perciformes (perchke fish) and Plueronectiformes (flatfish) and the families Sciaenidae
(drums) and Gobiidae (gobies)iatlerant taxa. The order Clupeiformes (anchovy and

menhaden) represented tolerant taxa (Table 2.1). Species richness (number of species in a
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sample), diversity (ShanneWe i ner di versity index HO6), and toc
for each sample. Atategories were examined for potential use as metrics for development of

the IBI.
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Figure 21. Map of study area with sampling locations of the three le¥e&lsgradation boxed
with L = lessdegradation, M = moderategtadation, H = high degradation and representatives
of sampling sites witMsitesagdoh vamedr eH Lsistietse sara
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Figure 22. Examples of the marsdtdge appearance for a) less degraded location, b) moderately
degraded location, and c) highly degraded location.

Table 2.1. List of fish taxa, common name, and order with superscript representing the metrics a)
estuarine resident, b) estuarine spawner, c) top carnivore, and d) benthistafg.

Species/Family

Common Name

Order

Anchoa hepsetus
Anchoa mitchilf°

striped anchovy
bay anchovy

Clupeiformes
Clupeiformes

Ariopsis feli§? hardhead catfish Siluriformes
Bairdiella chrysourd silver perch Perciformes
Bathygobius soporat8f' frillfin goby Perciformes
Brevoortia patronus gulf menhaden Clupeiformes
Chaetodipterus faber Atlantic spadefish Perciformes

Citharichthys spilopterdd’  bay whiff Plueronectiformes
Ctenogobius boleosom®®  darter goby Perciformes
Cynoscion agnariug”? sand trout Perciformes
Cynoscion nebulosPi&® spotted trout Perciformes
Dasyatis americarfd stingray Myliobatiformes
Elops saurus ladyfish Elopiformes
Gerrida8 mojarra Perciformes
Gobiesox strumostig skilletfish Perciformes
Gobiidaé"? goby Perciformes
Gobiosoma bog¢™® naked goby Perciformes
Gobiosoma robustufi® code goby Perciformes
Hypleurochilus geminatli§  crested blenny Perciformes
Lagodon rhomboidé8%®  pinfish Perciformes
Leiostomus xanthur(ié spot Perciformes
Lutjanus griseus grey snapper Perciformes
18 Table2.1 (Continued)



Membras martinic&®
Menidia beryllind®
Menticirrhus americantfs
Microphis brachyuru®
Micropogonias undulatifs

Mugil cephalug
Mugil curema

Myrophis punctatus
Neoconger mucronatfis
Opsanus befs
Paralichthys lethostignfd
Pogonias cromfs

Pomacanthidde
Sciaenidae

Sciaenop®cellatus®

Sphoeroides parvis
Strongylura marina

Syacium papillosufif
Symphurus plagiuda
Syngnathus louisian&é

Syngnathus scoveélff
Synodus foetens

rough silverside
inland silverside
southern kingfish
pipefish

Atlantic croaker

striped mullet
white mullet

speckled worm eel
ridged eel

gulf toadfish
southern flounders
black drum

angelfish
drum

red drum

least puffer
Atlantic needlefish

dusky flounder

blackcheek tonguefish

chain pipefish
gulf pipefish
inshore lizardfish

Atheriniformes
Atheriniformes
Perciformes
Gasterosteiformes
Perciformes

Mugiliformes
Mugiliformes

Anguiliformes
Anguiliformes
Batrachoidoformes
Plueronectiformes
Perciformes

Perciformes
Perciformes

Perciformes

Tetradontiformes
Beloniformes

Plueronectiformes
Plueronectiformes
Gasterosteiformes

Gasterosteiformes
Aulopiformes

Statistical Methods

My IBI was developed with data collected in 2005 and tested with data collected in 2006
and 2007 using ANOVA and discriminant analysis in SAS (2004). Environmental data were
tested with ANOVAs to determine if there were differences among sites in theesam@@l This
was done to avoid possible differences in fish data among degradation locations were not relicts
from time of day or other natural environmental changes. To increase the probability of
differences detected by the analyses to be artificiallged and not by natural variations, the

best time to run an 1Bl is during a stable time period in the estuary. | tested samples for
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differences between months of the spring and summer seasons with ANOVAs to determine
which season had no significant tempaliéferences among fishes.

All life history, trophic, spatial, and taxonomical categories were treated as proportional
metrics (number in category/total abundance*100%) for each sample. Total abundance data were
log (X + 1) transformed for normality (SAZ)04). For metric development ANOVAs, the main
effect factors were the piassigned degradation levels less degraded (L), moderately degraded
(M), and highly degraded (H). The individual
post hoc pairwisecopmar i sons were used to test differenc
0.05 was used for significance.

Metrics that were sensitive to changes in habitat quality received index scores based on
the highest metric measurements representing best habitidy.qliaése metrics were divided
into thirds and scored based on Karr and Chu (1997). Proportional metrics in the range of 100 to
66.67% representing highest quality and a metric score of 5, 66.66 to 33.33% representing
moderate habitajuality with a metic score of3, and 33.32 to 0% representing the lowest habitat
guality with a metric score of 1. Because Clupeiformes contains anchovy and menhaden, which
are considered tolerant taxa this metric received scores based on the opposite of the intolerant
taxamet ri c scores. The summation of these metri
analyses yielded a refinement of site assignments. Metrics waralgzed with ANOVAS to
detect their sensitivity to the site level degradation assignments.

A disaiminant analysis estimated the classification efficiency of the newly assigned
groups with the multiple metrics (Deegan et al. 1997, Engle and Summers 1999). This analysis
describes algebraically the relationship among individuals in a site and makidetteaces in
those relationships evident. Populations are then separated into groups based on the observed

characteristics (SAS 2004). These derived groupings are compared to the a priori group
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assignments and error rates are calculated. This analjigisclimany metrics for group
verification. These methods were repeated on the 2006 and 2007 data to validate the metrics
chosen and verify classifications were appropriate. It is important to use all metrics as one will
not show the clear separation amalegradation levels especially in a dynamic system like the
estuary. This is evident in graphs of the multimetric scores and graphs of the specific metrics
such as total abundance or diversity alone. Segregation of metrics among groups is visually
evidentwith multidimensional scaling (MDS). This visually depicts the relationships among sites
in threedimensional space. MDS dimensions are tested for significant differences with
MANOVASs to determine clusters created are significant. There is also a goodfiessst that
produces a stress level. This is the inverse of mmere a stress level below 0.2 indicates the
MDS is a good representation of these data.

RESULTS

Selection of Metrics and Index Scores

Environmental variables did not significantly éffamong degradation levels, so
biological changes observed are not from small environmental variable shifts in the study area.
Microtox analysis did not determine enough toxic samples to use in analyses. The ANOVAs run
on month data found June, July, akegust had no significant differences for each metric
among these months, while March, April, and May showed significant differences for each
metric. Spring samples had higher variation possibly from weather changes and immigration of
species ito the estary. Therefore onlytsnmer data were used in the rest of the analyses.

From the metrics tested, percent top carnivore, percent Plueronectiformes, and percent
Sciaenidae showed no significant differences amonggsgned groups or the-assigned
index goups (Table 2). Estuarine resident, estuarine spawner and percent Clupeiformes did not

have a significant difference among a&signed groups, but showed significant differences
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within the new index groupings (Table2®. | used the nine remaining mes for the

multimetric analyses and used these for 2006 and 2007 1Bl development and validation. The use
of multiple metrics instead of total abundance or diversity is to show clear separation of sites in
different degradation levels (Fig3}.

Discriminae analysis for original grouping of the metrics in the 2005 samples had a high total
error rate of 0.42 and had multiple misclassifions for each group (Table3. Site index

scores ranged from 45 with all metrics scoring for low degradation (5) to 9 with all metrics
scoring for high degradation (1). lessigned an index group label of L for sites with summed
metric scores between -88l, an index group labef M for sites with summed metric scores
between 322, and an index group label of H for sites with summed metric scores betwBen 21
With the reassignment of degradation levels based on summed index scores the number of
highly degraded sites increasedr 36 to 58 while the number of low degraded siseased

from 36 to 19 (Table.3). The discriminant analysis on the index sogmoupings came out with

a 0.06%error rate and most classifications were correcsyritiuted across groups (Tabl8p

The difference between the separation of sites based on old and new degradation level
assignments is illustrated with significant MDS graphics. The original group assignments had no
significant clusters in thredimensional space, while the new group assignts based on the
multiple metric scorebave significant clusters (Fig4a,b)

Validation of Metrics and Index Scores

Metrics were significantly different across degradation levels for both 2006 and 2007
data (Table 2.4) and discriminant analyseséraor rates less than 0.070 with most
classifications correct for 2006 and 2007 index scores (Table 2.5). The sites that were highly and
moderately degraded were higher in number while low degradation sites were less numerous for

these years than the dngl site degradation assignments.
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Table2.2. ANOVA results for all metrics for the original group assignments and new group
assignments with * indicating significamvalues(P < 0.05)

Original Grouping F-value Pr>F
Estuarine Resident  0.79 0.457
Estuarine Spawner  2.82 0.064

Top Carnivore 1.30 0.277
Benthic 2.99 0.054
Perciformes 5.07 0.008&
Plueronectiformes  0.74 0.480
Clupeiformes 0.35 0.708
Sciaenidae 0.85 0.429
Gobiidae 4.75 0.01¥
Species Richness 4.03 0.02r
Diversity 4.17 0.018&

Total Abundance 6.74 0.00Z
New assignment  F-value Pr>F
Estuarine Resident  6.24 0.003%
Estuarine Spawner 49.92 <0.00F¥

Top Carnivore 0.18 0.832
Benthic 67.51 <0.00F
Perciformes 184.57 <0.00F
Plueronectiformes 1.70 0.188
Clupeiformes 3.82 0.025
Sciaenidae 0.74 0.481
Gobiidae 127.20 <0.00%F
Species Richness  21.96 <0.00F
Diversity 23.15 <0.00F¥

Total Abundance 10.30 <0.00F
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Table 23. Discriminant analysis results for the original group assignments and the new group
assignments witmisclassifications of samples in each group, total samples included in
groupings, and error rates of classifications.

Low Moderate High  Totals

Low 30 2 4 36
Moderate 13 21 2 36
High 20 4 12 36

Error Rates 0.417 0.167 0.667 0.417
Low Moderate High  Totals

Low 19 0 0 19
Moderate 1 29 1 31
High 0 5 53 58

Error Rates 0.000 0.065 0.086 0.065

Table 24. Significant ANOVA results of metrics for the validation data sets from 2006 and
2007.

2006 F-value Pr>F
Estuarine Resident 23.20 <0.001
Estuarine Spawner 78.57 <0.001

Benthic 82.58 <0.001
Perciformes 119.20 <0.001
Clupeiformes 3.43 0.033
Gobiidae 83.31 <0.001
Species Richness  32.68 <0.001
Diversity 34.85 <0.001
Total Abundance 38.17 <0.001
2007 F-value Pr>F

Estuarine Resident 8.13 <0.001
Estuarine Spawner 37.57 <0.001

Benthic 90.34 <0.001
Perciformes 89.08 <0.001
Clupeiformes 3.51 0.033

Gobiidae 108.66 <0.001
Species Richness  49.16 <0.001
Diversity 36.71 <0.001

Total Abundance 22.09 <0.001
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Table 25. Discriminani&analysis results for the validation data sets 2006 and 2007 with
misclassifications of samples in each group, total samples included in groupings, and error rates.

2006 Low Moderate High Totals
Low 21 1 0 22
Moderate 6 39 0 45
High 0 0 41 41
ErrorRates 0.046 0.133 0.000 0.065
2007 Low Moderate High Totals
Low 14 0 0 14
Moderate 1 41 0 42
High 0 3 49 52

Error Rates 0.000 0.024 0.068 0.037
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Figure 2.3. Graphs of the different levels of degradation withia)v e r s, b)total ( H6 )
abundances, and ojultimetric site scores
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Figure 2.4. Threelimensional MDS graphics of the sites with less degraded sites (white circles),
moderately degraded sites (grey squares), and highly degraded sites (black circles) for a) the

original degradation assignments and b) the new degradation assigritrestsis 0.07 for both
MDS graphs indicating they represent the data.
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Figure 25. Map of study area with sampling locations of the three levels of degradation boxed
with M = moderate degradation and H = high degradation. There were no L=less degraded
locations. All locations with * were a change from degradation level andthe lbox indicates

the locatiorthatwasre-assigned as highly degraded from less degraded.

The loations were rassigned degradation levels based on summation of scores for each site,
and there was an increase in moderately degraded locations and no less degraded locations in the
study area (Fig 2.5). Most less degraded locations were moderatelgetbgaording to the

IBI scores. One less degraded location was considered highly degraded with IBI scores.
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DISCUSSION

Monitoring the fish community for habitat quality changes is a better alternative to more
in-depth and costly physiochemical evaluation of estuaries. While toxicity and chemical
pollutant sampling is useful it is expensive and hard to execute. Other nmgnficograms also
rely on diversity indexes or presence absence of indicator species, but these methods often
overlook the biological integrity of complex ecosystems like estuaries (Miller et al. 1988, Engle
et al. 1994). IBI concepts are multimetric drased on community or assemblage data. These
indexes can be applied to different fish fauna in a wide variety of habitats ranging from European
freshwater streams to northern Gulf of Mexico estuaries (Oberdorff and Hughes 1992, Engle et
al. 1994, Engle anBummers 1999). These methods can also be used to determine if restoration
actions taken result in improvements to degraded areas (Karr 1991, Oberdorff and Hughes 1992).
The IBI approach is easily#valuated and metrics-tested and validated especialfen large
scale disturbances such as oil spills and hurricanes or significant changes in flow or water
temperature due to climate change are observed (Karr 1991, Engle and Summers 1999).

My IBI combined metrics from different fish community attributsgd to determine
how the community and numbers changed with changes to levels of degradation. While each
individual metric did not show an effect of human influences, combined as a multimetric
analysis they show site specific changes across differintslei/euman caused stresses (Fig
2.3). The summer months were more stable and were good candidates for development of the IBI
and this is a similar finding to that of Deegan et al. (1997) in Massachusetts. This was a small
scale study and applies to thevkr Barataria Bay in June, July, and August and it indicates the
area is moderately or highly degraded with a small amount less degradefiisitdsngterm
anthropogenic influences are seen in Barataria Bay can cause continual transitions in estuarine

biota as they do in streams (Horwitz 1978). That is why the index must be frequently re
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developed and evaluated to keep pace with the shifting baseline syndrome (Pauly 1995).

Sampling, analyses, and development of IBls are easily implemented. There fer@eshiin

the amount of low degradation locations to moderately degraded locations and this suggests that

in Barataria Bay has a small amount of high quality habitat and this habitat is difficult to visually

categorize by the physical state of the mar$te moderately and highly degraded habitats are

easily evaluated visually based on readily observable realgé characteristics such as marsh

edge vegetation and degree of active human exploitation. Once developed the IBI can be used by

people with a vaety of backgrounds and expertise to identify degraded habitats or monitor

recovery and restoration efforts. The use of area specific IBI combined with other monitoring

data can be used for the different portions of Barataria Bay and coastal Louisialpavatn

restoration efforts and communication of site health to agencies and the public.
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CHAPTER 111
SHORT-TERM EFFECTS OF AN OIL SPILL ON MARSH -EDGE FISHES AND
DECAPOD CRUSTACEANS*
INTRODUCTION
Louisianaexperiences a large amount of oil pollution compared to other states dudighthe
number and volume of oil storage facilities, production platforms, pipelines, and intense tanker
and barge traffion its waterways (Scott 2007)he LouisianaOffshore Gl Port handles
appioximatelyl5% of the oil for the United Stat€@SPR 2003)Louisiana regularly harvests
sweet crude oil that is relativehprtoxic andis characterized blgigh alkaneconcentrations
low polarity, and moderatsoncentrations gbolycyclic aromatic hydrocarbons (PAHSs) (Jackson
and Pardue 199. Sweet crudeil contains many volatile small hydrocarbdhatevaporate
within the first 24 to 48 hours after a spill (Kennish 19%@wever, éss volatile hydrocarbon
fractionsare sequesterdu the more adsorbesit/clay and organic sedimentKijezovich et al.
1987,Kennish 1992Rozas et al. 2000Though degradation is much slower for petroleum
hydrocarbons that enter the deeper anaerobic zone, petroleum hydrocesaobdseper
sedimenrs by movingthrough an oxidizedurficial layerwhere aerobic microbasorerapidly
degrade thenDelLaune et al1990) Oil composition is important in degradatidmyt the size of
the spill and environmental conditions at the spill site have a greater infloehosv the oll
will affect that area (Teal and Howarth 198djhile oil spill potential is highn Louisiana local
conditions help mitigate impacts. The higlosganic sediments support abundant and varied
microbial populations. Thewarmoxidizedwaterand surficial sedimeriacilitate microbial
activity, increase hydrocarbategradation, and combine with flushing of estuaries to reduce

contaminant concentratiof®elLaune et al1990).
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Louisiana al so supports 26 %atchdnd hahhegghlyn at i on 0

successfutecreational fisheries dominated Ggllinectes sapidugblue crab)Litopenaeus
setiferugwhite shrimp) Farfantepenaeus aztec(lsrown shrimp)Brevoortia patronuggulf
menhaden), an@rassostrea virginicgoysters)Perry and Mcllwain 19860SPR 2003)These
high catchesre due to thextensivearea of Louisiana wetlands and estuatiesiisiana
fisheriesoverlap broadly in space and time wah production and transportatidghatincreases
the potentiafor negative interactions between skeconomically important industries
Organisms are affected by oil mainly through filtration/ingestion, penetration, and smothering
(Suni et al2007) Animal densities in salt marshes are reduced by -$@ort toxicities such as
those found with smalcale oil spills (Rozas et.&000) Also different species and life history
stages react differently to the toxic stress with less mobile benthic fisti@svantebrates
suffering increased mortalitC¢ompared to highly mobile pelagic fishes, benthic organisms are
more sensitive to environmethtisturbance as they are often sedentary, use contaminated food
sources, and cycle nutrients and contaminantdlyod2ozas et al2000 Chapman and Wang
2001) Benthic communities are often used by scientists to monitor effects of marine pollution
(Gray et al1990); however, animals that are found in stressed environmbitis may be
regularly exposed to oil contanation ardikely lesssensitivethan animals found in more
pristineenvironmentgRozas et al2000) Our interest in undertaking this study was to develop a
better understanding of nekton responses to small scale oil spills in coastal Louisiana such as
Barataria Bay shallow, welmixed estuary with strong flushing and oxidation of the sediments
and a long history of petroleum contamination (DeLaune et al. 1990, Jackson and Pardue 1999,
OSPR 2003, Scott 2007).

A regularly scheduled sampling event vigterrupted a 19 April 2005 by an oil spill of

approximately 95.39 {600 barrelsof crude oil (Department of Transportation 2005, National
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Response Center 200&) the northern range of our study area in Barataria Bay, Louiggna
1700 hours on 2April, most of the floating oil was sequestered by containment booms and
removed by skimmers and absorbent pads. qinisk clearup responseand a souttsoutheast
wind with a mean velocity of 3.9 nisgusting up to 8.2 mi’s (NOAA station 8761724)
corfined the spill effects tthe vicinity of Mendicant Islandnd northwardFig 3.1). A diurnal
tide of small amplitude, 0.24 m, was dominated by the southerly wind and did not disperse the
spill to the south. On 22 April when we were able to resume sagngiwas apparent that the
effects were generally contained in the northern part of our study area. The spill presented an
opportunity to evaluate sheterm effects of a confined spill on the abundance of fishes and
decapods crustaceans in the masdgenekton communityWe samplediround both islands
before and after the spill and applied a Befafeer-Controlimpact (BACI) analysigSmith et
al. 1993 Smith 2002) We also used nonparametric analyses to explore any larger community
structure effectfrom this oil spill event.
MATERIALS AND METHODS
StudyArea

The study area is dominated $partina alternifloraalong themarsh edge(0 to <3 m
from emergent vegetatiooh portions of two larger islands (Mendicant and Beauregard) in the
lower BaratariaBay Waterwayn southeastern Louisiana (F3dl). This microtidal estuary is
shallow(mean depth is 1.50 mand highly turbid> 10 NTU)with seasonal salinitiggpically
ranging from 6 to 22Sediments vary and include organic matter, clay, silt, samtishell (Baltz
et al 1998 Birdsong 2004)This wellmixed estuary rarely stratifies because of its shallow
depth, diurnal tides, and regular storm/wind events that govern water movement (Inoue et al.
2008). Barataria Pass is the deepest portion dddsen (50 m) and is deeply scoured by tidal

movement between the bay and the Gulf of Mexico (Krumbein and Aberdeen 1937).
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Figure3.1. Map of the study area in Barataria Bay Waterway in southeastern Louisiana with the
impacted Mendicant Islandigperbox), and the control Beauregard Islafmirer box, and the
oil spill origin (C) at 29°1 9264 . B,8%5 9169 . W5 0

Dominant fish species afechoa mitchillilbay anchovy)Micropogonias undulatu@Atlantic
croaker),Ctenogobius boleosontdarter goby), an@Gobiosoma bosfaked goby)Decapod
crustaceans using the estuarylatepenaeus setiferygarfantepenaeus aztegizalaemonetes
spp.(grass shrimp)Callinectes sapidysandClibanarius vittatughermit crab) (Chesney et al
200Q Jones et al2002)

Field and Laboratory Methods

In three monthly sampling events-18 March, 922 April, and 718 May 2005, &
deployed a 1.18 fieylindrical fiberglass drop samplat independent but closely juxtaposed

sites = 108) in the study areBue to the timing of the oil spill we collected 60 samples before
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and 48 samples after the event. We randomized sampling order to ensure the same site was not
repeatedly sampled at the same time of day each manétsitewe recorded GPS coordinates
timeof day, and environmental variable measureméftter quality data (salinity, dissolved
oxygen(mg ™), and temperatur@C)) were collected using a YSI 85 meter, and water samples
were collected to measure turbid{tyTU). Outside the sampler we cedtited sediment cores for
porewater contamination analysis, characterized sediment ayygeneasured midvater

column velocity(cm s%) with a MarshMcBirney Model 2000 FlowMate We alsameasured the
distance to marsh edge (nandwe measuredhaximum and minimundeptts in the drop

sampler to estimate mean defith). We thenused a trash pump to remove water from the

sampler and filtered #twater througla3 33 e m mesh pl ankton net to
decapod crustaceans were collecely remaining animalge.g. epibenthic faunayere

removed byhandnets and fixed in 10% formaliin the laboratory, we identified nekton to the
lowest possible taxon and counted th&willowing identification all animals were preserved in
70% ethyl alcohb We used theedimentores to screen for porewater toxicity on a Micr6tox
Model M500 analyzer, and the water column samples were analyzed for turbidity with a Hach
2100N laboratory meter

Statistical Methods

A BACI study require sampling prior to an event to ensure temporal control, knowledge
of time and place of the event, and a control to isolate spatial effects (Gree®s6iBerg and
Schmitt 1994) It is alsoimportant for impact and control stratabe sampled simultanesly
duringbefore and after periods of a specific event (Ste@aten et al1986 Smith et al 1993)
Sampling protocol fospring2005 in Barataria Bay Waterway met these requiremeluoigbert
(1984) argued that impact experiments and anaby@estitte pseudoreplication becauserain

randomizatiorof the impact and contrglampling stratahowever, when the impact is handled as
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a separate treatment that the researcher cannot control it can be justifirsdieced random

(Smith 2002)With the BAQ analysis there is one befeeentperiod and one afteevent

periodsampling of both impact and contsifata. Intwo-way analysis of variance (ANOVA)

evidence of a significardvent effectequiresa significantemporalspatialinteraction term

(StewartOaten et al. 198@&Jnderwood 1994)All analyses were conductedth the MIXED

procedure irBtatistical Analysis System package (SAS 2D04fter examining the datanE

108)for normality we pooled three closely juxtaposed dités 36 locations and estimated mean

water quality variables for each location«36).We

set

U

t

o 0.1 fther

a l

event was an isolated incidetttis experiment could not be replicated or enhanced, there was a

small sample size, andevattempted to detect environmental impacts in a short amount of time

(Underwood 1994Anderson and Talley 1995Fhe March18-19 andApril 9-10 samples served

as beforespill samplegn = 20),and the Aprie2 and May7, 1618 samplesservedas afterspill

samplegn = 16) (Table3.1). We used the southeBeauregard Islanlbcationsasthe control(n

= 18)and thenorthernMendicantlisland locationss the impacin = 18)treatment samplg§ig

3.1).

Table3.1. Rank orders of taxa based on the numbendif/iduals collected. Mean abundances
(abundance/sample size) of each taxa, total individuals, fishes, and decapod crustaceans for
overall (before + after), before, after, control, and impact samples.

Species/Genus Rank Overall Before After Control Impact
Palaemonetes pugio 1 116.61 83.05 3356 57.72 64.39
Clibanarius vittatus 2 2981 11.00 18.81 13.06 15.89
Callinectes sapidus 3 1421  9.15 5.06 5.78 8.89
Ctenogobius boleosoma 4 12.21 10.15 2.06 6.28 6.83
Gobiesox strumosus 5 9.20 2.45 6.75 2.67 6.06
Callinectes similis 6 7.16 0.10 7.06 3.89 2.50
Xanthidae 7 6.10 1.60 4.50 2.89 2.89
Micropogonias undulatus 8 4.16 3.35 0.81 2.06 2.39
Mysidopsisspp. 9 3.56 0.00 3.56 2.67 0.50
37 Table 3.1 (Continued)
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Gobiosoma bosc 10 2.48 1.60 0.88 0.72 1.83
Farfantepenaeus aztecus 11 2.70 0.45 2.25 0.28 2.22

Anchoa hepsetus 12 1.95 1.95 0.00 0.00 2.17
Anchoa mitchilli 13 1.28 0.90 0.38 0.17 1.17
Menippe adina 14 1.33 0.45 0.88 0.83 0.44
Hypleurochilus geminatus 15.50 0.93 0.30 0.63 0.33 0.56
Symphurus plagiusa 15,50 0.88 0.50 0.38 0.06 0.83
Panopeus simpsoni 17 0.66 0.35 0.31 0.39 0.28
Myrophis punctatus 18 0.48 0.10 0.38 0.11 0.33

Citharichthys spilopterus  19.50 0.40 0.15 0.25 0.06 0.33
Rhithropanopeus harrisii  19.50 0.44 0.00 0.44 0.00 0.39
Eurypanopeus depressus 21 0.30 0.30 0.00 0.17 0.17
Syngnathus louisianae 22 0.19 0.00 0.19 0.06 0.11

Synodus foetens 23.33 0.16 0.10 0.06 0.06 0.11
Alpheusspp. 23.33 0.18 0.05 0.13 0.00 0.17
Mugil curema 23.33 0.18 0.05 0.13 0.06 0.11
Brevoortia patronus 26 0.10 0.10 0.00 0.11 0.00
Persephona mediterranea 27.17 0.05 0.05 0.00 0.00 0.06
Syacium papillosum 27.17 0.05 0.05 0.00 0.00 0.06
Gobiidae 27.17 0.06 0.00 0.06 0.00 0.06
Menidia beryllina 27.17 0.06 0.00 0.06 0.00 0.06
Menticirrhus americanus 27.17 0.06 0.00 0.06 0.00 0.06
Penaeid 27.17 0.06 0.00 0.06 0.06 0.00
Total Individuals 218.11 128.30 89.81 124.00 98.39
Total Fishes 3475 21.75 13.00 18.17 17.56
Total Decapods 183.29 106.60 76.69 105.89 80.72
Sample Size 36 20 16 18 18

Nine separat8ACI analy®s wererun on theiotal number of individualse(g., fishes and
decapod crustaceansf)etotal number of fisheshetotal number of decapod crustacgaansd
individually on six sensitive speciekreatmentsvere temporal (before and after) and spatial
(control and impact) as main effects, and their interastioere testeds the event effest

The use of nonparametric analyses has increased, toebiems withassumptions
that occur in most ecologicebmmunitydata (Smith et alLl993) Because of the dynamic nature
of estuarine faunal communities, community strucgeeerallyshows a more complete picture

of the effect and distribution of a pollutant than number of individuals or species data alone
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(Gray et al 1990) We used the Plymouth Routines In Multivariate Ecological Research
(PRIMER) packagen the pooled data set £ 36)to relate the impact of the oil spill to changes

in species composition at the community level (Clarke and Warwick 2064)

multidimensional scaling analysis (MDS), analysis of similarity (ANOSIBIDENV, and

similarity percentages with species composition (SIMPEBgeduresvere run using Bray

Curtis similarity matrix after squatt@ot transforming the species day down weighing the
abundant species, this transformation allows similarities to depend on both abundant and rare
species (Clarke and Warwick 200An MDS is a graphical representation of biological
relationshipsamongsamplesClosely juxtaposed samples imeél-dimensional graphical space
have more similar species compositions, while samples farther from each other have more
dissimilar compositions (Clarke and Warwick 2000)e ANOSIM tests whether samples differ
between treatments and produces a statiRjiorfhich rangesl to 1 and reflects observed
differences between treatments contrasted to differences within treatfstrsngly positiveR
approaching 1 indicates samples within a treatment are more similar than samples between
treatmentsAn R of O indicates no difference between treatmeAtsl, a strongly negativi
approachingl indicates samples between treatments are more similar than samples within the
same treatment$Vhenthe null hypothesifails to be rejectednd there is no effect betwee
treatments the redistribution of sample treatment labels would make no differenc&to the
statisticthereforethe test would not be significant (Clarke and Warwick 20U0he BIOENV
procedure calculates the correlation coefficient between two simifaatsices (species and
environment) and identifies the environmental variables that explain the community patterns in
the species matri¢Clarke and Warwick 2001Yhe SIMPER test shows which species

contribute to the multivariate patterns detected; speceganabundances are compared and the

contribution of species to the Br&urtis measures of similarity and dissimilarity are examined
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(Ehrich and Stransky 1999)hese tests indicate how the nekton community structure and
specific taxa responded to thié gpill.
RESULTS

Parametric Analyses

We quantitativelycharacterizeé species composition and environmental condgian36
locations covering 127.44%0f marshedge habitafTwenty-seven species and five higher taxa
comprised the 4001 individuatellected Decapod crustaceans dominated the collection with
3358 individuals, whereas there were only 643 fisiiee BAClanalyses of theotal number of
individuals, total number of fishes, and total number of decapod crusteteamsd no
significant dfferences for the main effect® & 0.10) There weresignificant interactions
(BA*CI) (P < 0.09) for the totahumber ofindividuals €1 3,= 3.09,P < 0.09) and totahumber
of fishes F1.32= 3.06,P < 0.09) indicating specific event effects on abundes.Before and
controttreatment sampkyielded consistently greater abundances of tatatber of
individuals, totanumber offishes, and totatumber ofdecapod crustaceans than #fier and
impacttreatmensamples (Tabl8.1). The interaction ten abundances show befezentrol
abundances were consistently higher than-aftpact abundanceBecause six species
(Palaemonetes pugio, Clibanarius vittatus, Ctenogobius boleosoma, Callinectes sapidus,
Callinectes similisandGobiesox strumosuyskilletfish)) dominated and drove similarities
within treatments, we ran separate spet@gsl BACI analyss on each Significant interactions
(F13= 2.0 andF;3,=3.81,PO 0).indicated potential spill effects fonly two speciesp.
pugioandC. boleosomaTests on thetherfour species were not significant for interactan
main effectsP > 0.10). There was some temporal and spatial variation with seven environmental
variables (salinity, dissolved oxygen, temperature, turbidity, mean wateityedistance to

marsh edge, and mean depth) tested with BACI analpsstance tanarsh edgéadthe only
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significant interaction(F1 3,= 7.37 P = 0.01)(Table3.2). Microtox analysis on the porewater
from sediments was generally ntoxic with only five of 108 samples indicating some
contaminationThesefive samples were spredairly evenlyamongall treatmentgbefore = 3,
after = 2; control = 3, impact =,230 trends could not be detected

Table3.2. Mean environmental data with standartbefor the BACI analysis with * signifying

a significant P < 0.1) interaction’ signifying a significant® < 0.1) temporaland’ spatial
effect, respectively.

Treatments Temporal Spatial
Before After Control Impact

Salinity 17.3+1.63 184+0.23  18.0+01.19 17.8+1.15
Dissolved Oxygen (mg) 7.4+029 88+058 8.8+057 7.4+0.40
Temperature (°C) 19.6+0.75 27.1+0.42 22.9+0.62 23.8+0.60
Turbidity (NTU) 27.3+3.60 27.3+2.23 23.8+2.51 30.8+3.50
MeanWater Velocity cm$)  7.9+0.67% 5.0+1.02 67+1.01 6.3+0.67
Distance to Marsh Edge (m)* 2.5+0.28 2.3+0.24 20+023 28+0.28
Mean Depth (m) 0.4+0.01  0.4+0.03 04+0.03  0.4%0.02

Nonparametric Analyses

The threedimensionaMDS plots of community data showed separation between
groupings of befor@arch and April)and after(April and May)sampleswith the before
samplegcircles) generally clumping together and away from the a#teiplegtriangles) (Fig
3.2). There weremseparate groupings of control and impact samgese controbamples
(black shapes) intermingled with the impaamplegwhite shapes{Fig 3.2).

Also this analysis did not show any intermingling of main effects for a visual
representation of an imtaction among treatments. This agrees withAIR®SIM as itrevealed a
smallbut significant P = 0.00) effect on overall community structui@m the temporal
treatment producing a globRBltest statistic of 0.25/et there was no significaRtstatistic for the
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Figure3.2. Threedimensional MDS graphics of the sample species data for the temporal (before
30 and after @&&) and spati al .Thecwesstvalue fortieg and
graph is 0.13ndicating this is a good threimensional representation of these data (Clarke and

Warwick 2001)

spatial treatments. The environmental variables did not explain much of the community data.
While dissolved oxygen had the highestrelationcoefficient s = 0.12), it and the other
environmental variables did not significantly explain the variation in the communityRlata (
0.55 global BEST permutation testhe SIMPERresultof meansimilarity within before

samples waproduced by theneanabundances d?alaemonetes pugi€libanarius vittatus,and
Callinectes sapidué79%), and aftemeansample similarity was largely due o pugio, C
vittatus,andCallinectes similig49%). The temporal dissimilarity between treatments was due
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partly to the after treatment appearaand high dundancef C. similis (10%).For the spatial
treatments approximately thréaurths of themeansimilarity within control samples (77%) and
within impact samples @26) were due to the same three spediée meandissimilarity found
between control and impact treatments was due in pretabundance @tenogobius
boleosomd8%).
DISCUSSION

The BACI analyses showaehmediate effectfrom the oil spill on the total number of
individuals €ishes and decapod ctaseans)total number offishes Ctenogobius boleosoma
andPalaemonetes pugid his suggests that many of the less abundant fishes and a few more
mobile decapod crustaceans reacted to the oil spill, while many of the more sessile and benthic
decapoctrugaceansemainedn placeafter the eventGray et al199Q Rozas et al2000)
Ctenogobius boleosonveas primarily responsible fdhe dissimilarity between the spatial
(control and impact) treatments and was significarily 0.06) affected by the asipill event
While C. boleosomas a dominant fish species in lower Barataria Baghowed apill effect
and has not shown an ability to acclimate or adapt to petroleum hydrocarisaasments
(Klerks et al 1997, Rozas et al200Q Klerks 2002) Cterogobiusboleosomavas the most
abundant fish species aitd count datarove the significantR < 0.09)interaction for total
number of fisheseen in the original BACI analysi®verall the most abundant species in the
community wad. pugio, and it alsdhad a significantR = 0.10) interactionin the single species
BACI. Nevertheless, the. pugiad mfluence on the decapod crustacean BACI analysis was
overwhelmedy themany other abundadiecapod crustaceans in t@mmunity Callinectes
similiswas mat sensitive to the temporakatmentlts response may have been driven by a
significant increase in temperatuie< 0.001) which may be the signal for the lesser blue crab to

enter the estuaripas and Stickle 1994¢€allinectessimilis will recruit to marsh sites from open
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waterareas in late spring to early fathsed on temperature and salinity changes (Gibson 1991,
Hsueh et al. 1993). Salinity is a primary influencesimilis distribution, but salinity was not
significantly different for this stdy and it was well within the optimal salinity (2®) range for

the species (Gibson 199 Rfter deletingC. similisdatg a reanalysis did not affect our
conclusions as total number of individudis, g,= 3.30,P = 0.08) and total number of decapod
crustaceans 3»= 2.49,P = 0.12) did not change appreciabihile there were temporal
differences detected in four of the six species BACI analyses, these possible seasonal shifts
reinforce the necessity of findjra significant interaction term to identify a spill event effect
(StewartOaten et al. 1986, Underwood 1994).

The nonparametric analyses on species composition results stimatdbut significant
differencesdhetween temporal treatmepibait not betweenmatial treatmentsAlthough theotal
number of individualslecreasedue to tle oil spill event (i.e. BACIl)the species composition
remained relatively constanthe BaratariaBasinhas a long history of anthropogenic influences
and the community struatel ofthe faunanow common to the area could be less sensitive to
pollutants by acclimation or adaptation over time (Klerks.et397) Population numbers are
more variable while community structure is more stable therefore community structure is more
powerful for showing environmental perturbation (Gray et al. 1990, Osenberg et al. 1994);
however, to detect clear difference between treatments, these nonparametric analyses require a
larger sample size than we had.

The environmental variablesdlinity, dssolved oxygen, temperature, turbidity, mean
water velocity, distance to marsh edge, and mean desptle not expected to change
significantly in the shofterm with an isolated oil spill event as they are physical variables not
chemical. Nevertheless tisice to marsh edge had a significant event effect, but the mean

difference was only 0.8 m and probably not important biologically. Blue crabs move more than a
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meter in one minute (Das and Stickle 1994), grass shrimp have an escape response greater than
0.4 m (Goddard and Forward 1991), and larger shrimp have response mean velocities on the
order of 1 m $ (Daniel and Meyhéfer 1989). This assessment was also corroborated by the
BIOENYV procedure results in that the environmental variables did not signiyiexplain
differences in biological data.

An opportunity for longeterm testing of the spill effects was precludedabctive
hurricane season with Hurricane Cindy in July, Hurricane Katrina in August, and Hurricane Rita
in September. These stormsy have decreased the level of water coluoxicity and surficial
substrate contamination in the study dvgavidely dipersingor buryingthe remaining olil
constituents deep in the sedimemntsich as natural accretion would in a building marsh (Jackson
and Pardue 199 Turner et al. 2006 Nevertheless, no loAgrm effects were detected when we
examined data from the same locations in 2006 (Rt blished dajaMany simultaneous
perturbations occurring in this dynamic estuary m@k difficult to identify individual causal
factors that might be responsible for differences in abundances or species composition, but this
shortlived oil spill allowed us to test effects from a specific perturbation on biological and
environmental dataNotablythe spillevent did have detectableshortterm and localized effect
only on numbers of individuals and fishes, and the existing community structure seems to be
robust.
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CHAPTER IV
HURRICANE KATRINA: EFFECTS ON AND RATE OF RECOVERY OF A MARSH -
EDGE NEKTON COMMUNITY
INTRODUCTION

Tropical storms are intermediate disturbances that flush coastal systems from year to
year,and therefordave large influences on water quality and nekton communities in northern
Gulf of Mexico wetlands (Hagy et al. 2008he frequency of tropical stornrmsaking landfallin
the southeastern portion of the United Sta@sincreasesince 1996 and this trend is
hypothesized to continue for years to come (Goldenburg et al. 2001, Emanuel 2005, Webster et
al. 2005,Greeninget al. 2006). While hurricanes camamge the physiochemical characteristics
of wetlands, these disturbances are relatively dieom in natural systems (Tilmant and Curry
1994, Paerl et al. 2006, Stevens et al. 2006). Areas of high anthropogenic influences are more
susceptible to increasel@struction from the storms, because they are already in an altered state
of existence (Malh and Corbert 2006Y his is evident in the still struggling portions of the
Florida panhandle from Ivan in 2004 and coastal Mississippi, Louisiana, and Texabdro
2005 Hurricane season.

Hurricane Katrina ravaged the Louisiana and Mississippi coasts in late August 2005.
Louisianadés wetlands are fragile and some of
Mexico for the fisheries and petahemical indstries (OSPR 2003). Hurricanes can erode
marshes, move sediments and vegetation, change salinities, nutrient input, circateatiause
mortality and displacement of local flora and fag@anner et al. 1989, Mallin et al. 1999,
Greenwoockt al. 2006)Vegetation such as mangroves and submerged aquatic vegetation may
remain affected for up to a year after storm passag®i@itt et al. 2006, Maiaro 2008hort
term storm effects on the estuarine fauna can be damaging, but populations are hypothesized t

return to normal population numbers with the passage of time (Knott and Martore 1991, Tilmant
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and Curry 1994Greenwoockt al. 2006). Because of the profitable fisheries industry in
southeastern Louisiana, there is a need to understand relationshipsekton assemblages of
fishes and macroinvertebrates to their environment. To understand the possible resilience of
community structure following storms in a Louisiana estuary, | used three years of data and
guantified changes in species composition teeénd one and two years after Hurricanes Cindy
and Katrina.
MATERIALS AND METHODS
Study Area

Nekton were sampled neavd islands (Beauregard Island and Mendicant Island) and an
uninhabited portion of eastern Grand Isle, in lower BarataneoBaouthea®rn LouisiangFig
4.1). While the sample locations are not inhabited by humans, they are constantly perturbed by
boat traffic from commercial and recreational fisheries and industithestudy area is shallow
with extensive marsh edge habitat domindtg&partinaalterniflora (smooth cordgrass) and
Avicennia germaningblack mangrove) is on Barataria Bay Waterway and near Barataria Pass
which connects the basin to the Gulf of Mexitbe study aress subjected to periodic storm
events that bring inem water from the Gulf and flush the estuary a few times a year.
There were several storm events in 2005 including Hurricane Cindy in July and Hurricane
Katrina in August. Hurricane Cindy reduced in intensity and made land fall as a tropical storm
on 6 Jily 2005 west of Grand Isle with 31.3 i sustained winds andsaorm surge of 1.2 t01.8
m (Stewart 2006) (Fig 4.2). Hurricane Katrina made land fall as a category 3 hurricane on the
Saffir-Simpson scale on 29 August 2005 east of Grand Isle in PlaqueRarisk with sustained
winds of 56.6 m$and a storm surge ranging 7.3 to 8.5 m (Knabb et al. 2006) (Fig 4.2). Both of

these storms physically moved portions of the marsh and deposited human debris on the existing

50



marsh. Because Hurricane Katrina wasstienger storm 2006 and 2007 data are hereby

referred to as one year poahd two years posfatrina.

Mendicant Island

N

Figure4.1. Map of Louisiana with study area boxed and enlarged to show Mendicant Island,
Beauregard Island, and Grand I$teages from LSU Atlas.
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Figure4.2. The paths of Tropical Storm Cindyashline) and Hurricane Katrinamhite line)
with the study area in Barataria Bay in the white Bbmage from Google Earth.

Field and Laboratory Methods

In twelve locations, three sites were randosdynpled monthly from March through
August f = 216) for each of three years: 2005 (piagrina), 2006 (1 year po$tatrina), and
2007 (2 years podfatrina) and a total of 648 samples. | deployed a 1°I8tindrical drop
sampler in close proximity to thealt marsh with the purpose to quantitatively characterize the
small nekton community of the marskdge. This sampling encompassed 764 6fithe
Spartinadominated marsh edge habitat. At each site | recorded GPS coordinates, time of day,
distance to mah edge, dominant substrate type, and marsh edge vegetation type. Once the

sampler was securely seated, | measured the water quality variables with a YSI 85 meter. Mean

52



water depth (m) was recorded and mean water velocity (¢mvas measured. | also catted

50 ml of water from inside the sampler to analyze turbidity (NTU), and 50 ml of sediment was
collected just outside the sampler to test for pore water toxicihe latoratory | evacuated

water from the sampler and collected all remaining nekitmmets. In the laboratory |

indentified all individuals to lowegiossible taxomnd counted thenT.urbidity and porewvater
toxicity were analyzed with Hach 2100N and Micrdtdodel M500, respectively.

Statistical Methods

| related impacts from the Hurricanes to changes in species composition at the
community level with nonparametric analyses in PRIMER (Clarke and Warwick 2001) with
three procedures. To control for temporal differengasng andsummer data were analyzed
separately. | made pairwise pdgic comparisons among years (2005; agrina; 2006, one
year postKatrina; 2007, two years pekiatrina) with analysis of similarity (ANOSIM),
evaluated differences among sampmesphicallywith multidimensional scalingDS), and
determinedvhich species contributed to the multivariate patterdeatedwith the similarity
percenfprocedurdSIMPER) (Clarke and Warwick 2001). These analyses and procedures were
run on BrayCurtis similarity matrices after root transforming species data. ANOSIM tests
whether samples differ between treatments and produces a Blstadistic. After a significat
(P < 0.05) globaR indicates differenceamongall groups, poshoc pairwise comparisons
indicate differences between each group. Risgatistic ranges frorrl to 1 and reflects the
sample differences among treatments versus the sample differertuegmsdatments. A
significantR of O indicates no differences in samples among all treatment groups. As
approaches 1 samples show differences among treatments,Ragmeachesl samples are
more similar to samples in other treatment groups thamosetin their own treatment group.

MDS plots are graphical depictions of the biological relationship among samples. Closely
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juxtaposed clusters of samples plotted in thtieeensional space are the representation of
samples with similar species compositidnstress value is generated as a test of goodness of fit,
and if the stress value is less than 0.2 the graphic is a good representation of data. The SIMPER
tests which species contribute to the multivariate patterns detected within the samples. Species
mean abundances are compared and their contributions to similarity and dissimilarity
measurements and are examined (Ehrich and Stransky 1999).
The ten most abundant taxa (cumulatively > 85% of total abundance) were identified as strong
contributors to thelissimilarity among years in the SIMPER procedure. Therefore, | ran
ANOVASs in SAS (2004) on the log (X+1) transformed total numbers of individuals for those
taxa to determine if there were significant differences amongprepostatrina years for the
number of i ndivi dual-Bocpanwiseanayses weaexparformddwrktieeged s
data. PRIMER MDS analyses were followed with parametric MANOVASs to determine if
clusters created were significantly different.
RESULTS
Spring

A total of 13,897ndividuals in 54 species were collected for March, April, and May in
324 samples. One year pd&trina (2006) had 5,892 individuals and this was
higher than pr&atrina (2005) and two years pdsatrina (2007) with 3,944 and 4,061
individuals, respectivg. These data all showed significant changes in community composition
of samples preand postKatrina. The ANOSIM was significanP(< 0.001) for total species,
fish species, and decapod crustacean composition, and environmental vaf@titespre-
Katrina (2005) and one year pd&atrina (2006) the largest separations were for the fish species
compositiondata withR statistics of 0.23 (Tabl.1). The largest year differende € 0.25)was

between pr&atrina (2005) and one year pd&atrina (2006¥or envronmental data (Tablk1).
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Table4.1. Spring ANOSIM pairwise comparison results for all species, fishes, and decapod
composition and environmental variables between 2005Katena) and 2006 (one year pest
Katrina), and 2005 (pr&atrina)and2007 (two years pog€atrina). These were all significant
(P <0.001).

Variables Years R-statistic
Overall Species Composition 1 year posKatrina 0.15

2 years posKatrina 0.10
Fish Species Composition 1 year posKatrina 0.23

2 yeargpostKatrina 0.09
Decapod Species Compositiol 1 year posKatrina 0.13

2 years posKatrina 0.10
Environmental Variables 1 year posKatrina 0.25

2 years posKatrina 0.07

The threedimensional MDS analysis on all species datapgne&atrina (2005) samples
clumpedcloserand somewhat removed frdmoth groups opostKatrina (2006/20073amples
(Fig 4.3). This same trend of pii€atrina (2005) samples separating from other samples was
evident in the fish species, decapod crustaspanies and environmental variable data (Fig 4.3).
All MDS plotshad significan{P <0.00aL) MANOVAs for dimensions indicating significant
clustering of year groupings. Stress valuese less than 0.2 indicating the MDS plotere
good representations tifese data.

The ten most abundant species weataemonetespp, Brevoortia patronus
Clibanarius vittatusCallinectes similisC. sapidusMicropogonias undulatysCtenogobius
boleosomaFarfantepenaeus aztecgusobiesox strumsus andPagurus longicarpugTable 4.2).
These ten species alone contributed to 95% of the overall abundance measured in spring. From
the SIMPER procedureh¢largest dissimilarity among samples (72 %) was betweeKatrena
(2005) and one year pelatrina (2006), and the abundant species with xanthids contributed to
84 % of this dissimilarity. Dissimilarity of two year pesatrina (2007) and the other yeavas
each 70% witlihe same species contributing.
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Figure 4.3. Threelimensional MDS of spring samples with stress values. Samples-of pre
Katrina (20O0pestk ator)i,n a n(e2 Oyte6a)r (-Kadrina(2@0@)@¢ )t wo vyear
samples for a) all species, b) fishes, c¢) decapod crustaceans, and d) environmental variables.

Tight clusters of samples are encircled in black.
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The ANOVAs on these abundant species from the SIMPER results showedtpna (2005)
means were significantlyP(< 0.05) higher than po#tatrina forPalaemonetespp, C.
boleosomaandG. strumosugTable4.2). Means weresignificantly higher one year pekatrina
(2006) than preKatrina forB. patronus C. similis, F. aztecusandP. longicarpus(Table4.2).
FarfantepenaeuaztecusaandP. longicarpushadsignificantlyhigher abundances one year post
Katrina but decreasddo years postKatrina (2007)YTable4.2). Gobiesox strumosuwsere not
collected in one year poektatrina samples, but the species reappeared in smaller abundances
than preKatrinatwo years posKatrina (Table4.2). Mean water temperature and velocityd a
turbidity were significantly higher pos#tatrina than prekatrina (Table4.2). Mean water depth
and dissolved oxygen significantly decreased one yeaiaigha, but returned to pr&atrina
levels two years posKatrina (Table4.2).
Summer

| colleded a total of 9,984 individuals in 57 taxa from the 324 samples in June, July, and
August with equal efforts across years and months. Again one yedfatasta (2006) had the
greatest number of individuals collected with 4,468-Katina (2005) had 872 and two years
postKatrina (2007) had 2,944 individuals collected in their samples. According to ANOSIM
results, summer analyses were less differentiated among year groupings than spriip data.
ANOSIM resultswere significantP < 0.001), andhelargestseparation among year groupings
waswith the fishdataand it showed difference between p#i€atrina (2005 and one year post
Katrina (2006)sampleswvith pairwiseR statistics of 0.13Table4.3).

The lack of separation among years is evident thighMDS plots (Fig 4.4). While
MANOVA results for all MDS dimensions were significantly differeRt< 0.001) and stresses

were less than 0.2, these samples did not cluster into separate groups among the different years.
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Table4.2. The means and +2 standard error for the ten most abuspaigt Species and the continuous environmental variables with
anal yses.

a, b, and c indicatingignificant difference§P<0.05f r om t he post hoc Tukeyods

Taxa Common Name 2005 2006 2007
Palaemonetespp. grass shrimp 2.22+0.14 1.38+0.14 1.62+0.14
Brevoortia patronus gulf menhaden 0.01+001° 0.47+0.12 0.21+0.06
Clibanarius vittatus thin striped hermit crab  1.17+0.10 1.23+£0.10 1.04+0.10
Callinectes sapidus blue crab 0.88+0.08 0.78+0.08 1.21+0.16
C. similis lesser blue crab 0.41+0.0% 1.23+0.09 1.35+0.12
Micropogonias undulatus Atlantic croaker 0.21+0.06 0.02+0.07 0.24+0.05
Ctenogobius boleosoma darter goby 0.62+0.08 0.36+0.08 0.58+0.07°
Farfantepenaeuaztecus brown shrimp 0.20+0.04 0.39+0.07 0.23+0.08"
Gobiesox strumosus skilletfish 0.53+0.07 0.00+0.06 0.21+0.05
Pagurus longicarpus long wrist hermit crab ~ 0.00+0.00 0.41+0.07 0.18+0.05
Environmental Variables 2005 2006 2006
Meandepth (m) 40.95+1.12  34.04+1.3% 41.00+1.48
Temperature (°C) 22.96+0.44 24.37+0.19 24.71+0.28
Salinity (psu) 17.54+0.50  24.85+0.28 16.26+0.18
Dissolved Oxygen (mgY) 8.09+0.2% 7.10+0.13 8.28+0.19
Mean water velocity (cm™ 2.37+0.18 6.80+0.42 4.45+0.58
Turbidity (NTU) 27.53+1.68 55.14+4.48 43.61+4.24
Distance to marsh edge (m) 1.9+0.13 1.9+0.22 1.12+0.1%
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Table4.3. Summer ANOSIM pairwise comparison results for all species, fishedeangod
composition and environmental variables between 2005Katena) and 2006 (one year post
Katrina), and2005 (preKatrina) and2007 (two years pog€atrina). These were all significant
(P <0.001).

Variables Years R-statistic
Overall TaxaComposition 1 year posKatrina 0.07

2 years posKatrina 0.04
Fish Taxa Composition 1 year posKatrina 0.13

2 years posKatrina 0.02
Decapod Taxa Compositior 1 year posKatrina 0.04

2 years posKatrina 0.04
Environmental Variables 1 yearpostKatrina 0.02

2 years posKatrina 0.07
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Figure 4.4. Threglimensional MDS of summer samples with stress values. Samples of pre

Katrina( 2005) ( 0) ;Kadméd nyae s&ngd oyergrs postajrina (2007) £ )
samples for a) all species, b) fishes, c) decapod crustaceans, and d) environmental variables.
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Only the fish taxa samples showed a slight clustering and separation of one yé&atpoat
(2006) samples from the other samples (Fig 4.4.b).

The dissimilarities between pkeatrina (2005) and onand twoyears postKatrinawere
nearly the same, 75 and6% respectivelyThe ten most abundant tagluspenaeid shrimp
contributed to 79% of the dissimilarity found between pred postKatrina samples.
Palaemonetespp, C. vittatus C. sapidusxanthid,Anchoa mitchillj C. boleosomaC. similis,
G. strumosusPanopeus simpsorand Gobiidae abundances were 88% of the total of individuals
collected in thesummer samples. Because the SIMPER procedure showed these species to drive
the multivariate patterns, | ran separate ANOVAs on them.
The ANOVA reslts indicated the greatest difference was betweerKptena (2005) and one
year postKatrina (2006). Theraveresignificant < 0.05) increases in the mean abundances for
Palaemonetespp, C. vittatus C. sapidus xanthids,C. boleosomaP. simpsoni and Gobiidae
(Table4.4). Anchoa mitchilliandG. strumosusignificantly decreased in mean abundances one
year postKatrina (Table4.4). With the exception dPalaemonetespp, all taxa returned to pre
Katrina abundances two years after the passage sfdha (Tablet.4). Palaemonetespp.
remained at significantly higher levels pé&itrina. Summer was characteristically a more stable
period in the estuary as for environmental variables. Mean salinity had a steady significant
increase for each year aftbe storm (Tabld.4). Mean water temperature significantly
decreased while mean turbidity significantly increased two years<@adsha (Tablet.4). Other
environmental variables did not change significantly betweergpie post Katrina
DISCUSSION

Spring showed the strongest differences betweeraprepostKatrina years for the fish

species composition and environmental variables. It seems these mobile species were more
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Table4.4. The means and %2 standard error for the ten most abisndamierspecies and the continuous environmevdailables

64

with a, b, and c indicatingignificant difference¢P<0.05f r om t he post hoc Tukeyods anal yses.

Taxa Common Name 2005 2006 2007
Palaemonetespp. grass shrimp 0.78+0.1% 1.40+0.168 1.15+0.14
Clibanarius vittatus thin striped hermit crab  1.25+0.1% 1.64+0.18 1.03+0.09
Callinectes sapidus blue crab 0.59+0.07 0.96+0.09 0.81+0.07"
Xanthids mud crab 0.45+0.09 0.80+0.16 0.30+0.06
Anchoa mitchilli bay anchovy 0.45+0.08 0.16+0.08 0.28+0.08°
Ctenogobius boleosoma darter goby 0.29+0.08 0.57+0.08 0.38+0.06"
C. similis lesser blue crab 0.38+0.05 0.46x0.07 0.44+0.07
Gobiesox strumosus skilletfish 0.45+0.08 0.03+0.0% 0.26+0.5%
Panopeus simpsoni oystershell mud crab  0.17+0.05 0.37+0.08 0.17+0.04
Gobiidae goby 0.0120.0¢ 0.350.07 0.000.06
Environmental Variables 2005 2006 2007
Mean depth (m) 43.24+1.32 42.46x1.53 42.18+1.36
Temperature (°C) 31.59+0.18  30.98+0.18°  30.41+0.2%
Salinity (psu) 20.46+0.32  22.32+0.18  23.72+0.38
Dissolved Oxygen (mgY) 7.21+£0.25 6.09+0.14 9.89+2.83
Mean water velocity (cm™ 3.09+0.27 3.96+0.51 3.66+0.23
Turbidity (NTU) 36.07+2.8%  32.26+2.18  50.57+3.5%
Distance to marsh edge (m) 3.24+0.19 3.97+0.18 3.24+0.18°



readily redistributed and rassembled once environmental conditions returned t&girena
conditions.Brevoortia patronugndC. similishad a large increase aRdgurus longicarpus

first appeared podfatrina, so these speciesmy have beeassociated with the significant
increase in salinity one year pd&atrina. This is a case of species responding to environmental
cues thatvere altered by this disturbance. Also, fishing pressure was considerably less in 2006
with a loss of $1.1 billion in landing for Louisiana, and many of the abundant species are
important fisheries specieBrevoortia patronusCallinectes sapidys-arfantepenaeus aztecus
(Buck 2005) Gobiesoxstrumosusvas not present in eithgoring orsummer samples one year
postKatrina (2006), but rappeared two years pesatrina (2007). This species is estuarine
dependent and utilizes hard substrates (oystels}ti@htwereburied by sediment or removed
and redistributed by the storm sur@eo b i e s 0 x rstarnm twonyeass pasfatrina may be
from the increase, raggregation, or exposure of suitable habitat in this system.

Thespring season is a naturatiynamic one in the estuaryitiv passages of northern
frontsand species entering into the estuary from the baytha@ulf of Mexico. Differences
caused by Katrina were more dramatic during ¥aisableseason. Though the stronger tropical
storm eventsend, in recent years, to occur in latenmer and earlfall with lvan on 16
September 2004, Katrina on 29 August 2005, Rita on 24 September 2005 (whose effects were
included in posKatrina data), Gustav on 1 September 2008, and Ike on 13 September 2008.
Summer was a more stable period during my sampling efforts. These storms were all after the
last sampling trip for mgummer season, so any immediate effects from Hurricanes were not
tested.

Coastal plants and animals have developed with tropical st@mgisodic events
(Conner et al. 1989, Tilmant and Curry 1994), but individual basins can be without hurricane

activity for decades. Because there is no congruenttknng data for this area, it is hard to
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surmise longerm effects from these current hioane data (Switzer et al. 2006)astic

changes such as marsh developing into open water will change nekton abundance and
composition (Boesch and Turner 1984), but more subtle changes aaskosmteavith

Hurricane Katrina are harder to decipher especially across areas like our well mixed estuary.
Hurricanes are short duration (pulsejtprbations (Bender et al. 198#d their effects on

natural areas are temporary with vegetation regeneratingrimahtevels within a year

(Chabreck and Palmisano 1973, Valiela et al. 1996). This area is more open to the Gulf of
Mexico than leveed areas like the Mississippi River Gulf Outlet and the Mississippi River, where
Gulf watermovement igacilitatedto freslkerregionsin these channeled areas (Stokstad 2005).
Hurricanes cause immediate morality and it was unfortunate we could not sample just after
Hurricane Katrina but it was logistically impossible. There is also evidence of dispersal of fauna
from marine tdresher aream other wetland¢Valiela et al. 1996, Paerl et al. 2006t in this

highly saline areand the increased salinities measured after the stormsahisotanissue for

lower Barataria BayThis study areand its fauna had loAgrmresmnsessimilar toother

natural wetlandso storm events (Greenwood et al. 2006, Paperno et al. 2006, Switzer et al.
2006) but with continued anthropogenic alterations its resilience to natural perturbations may
decrease.
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CHAPTER V

NEKTON ABUNDANCES IN SPARTINA, BLACK MANGROVE, AND

TRANSITIONAL (BOTH SPECIES) MARSH-EDGE HABITAT TYPES
INTRODUCTION

Climate changes are expected to modify man
Increased air and water temperatures have lead to population shifts in the poleward distribution
of tropical species such as mangroves (Snedaker 1995). The decade between 1995 to 2006 ranks
as the warmest on record, and this warming trend combined with human activity is decreasing
wetland area around the world (IPCC 2007).-eeal rise, a major contriltar to wetland loss,
increases with rising temperatures, and gloktallgl sealevel has risen approximatedyl mm
per yeaifrom 1993to 2003 (IPCC 2007). Coastal Louisiana has experienced a 0.3 to 15 cm
rate of relative sebkevel rise (subsidengaus sedevel rise), and a cumulative wetland loss of
approximately 4,921 kfrin the lastentury (USGS 20Q5These numbers are particularly
alarming for Louisiana where coastal maeslge habitat types are extremely productive and
important to commerciand recreational fisheries. Coastal habitat types have been historically
dominated by thick stands 8partina alternifloraLoisel (smooth cordgrasSparting.
However, with the arrenttrend of increasing temperatures in southern Louisiana that has
deaeased the freeze events that historically resulted in black mangrove didiisa#fsminant
Spartina alternifloranow grows in cedominant stands withlack mangrove (Scavia et al.
2002).
Spartinaalterniflora of North Americas a stiff perennial gragbkat is capable of

growing in high saline marsheGg¢dfrey and Wooten 1979Depending on salinity and tidal
action, which can decrease species richness in marshes when salinity is inSEased,is
usually found in nearly monospecific stand@ikis saltmarsh grass is a food source for consumers

found in the saltmarsh habitat such as the aburllEaEMonetespp.(grass shrimp) (Mitsch
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and Gosselink 2000%alt marshes are beneficial habitats because they serve as a food source
and refuge for ¢garinedependent organism$d€al 1962 Zimmerman et al. 1990), and are
productive nursery habitats for resident and transient estuarine species (Minello and Webb 1997,
Minello et al. 2003). Coastal salt marshes facilitate growth and recruitment of rfizanaeby
providing food through detritus, amefuge(Boesch and Turner 1984, Hettler 1989, Minello and
Webb 1997)Spartinamarshedge habitasupportshigh densities of nekton and this relationship
has been quantitatively tested (Zimmerman and Minel81Baltz et al. 1993). Due to
increased vegetative habitat suitability (as a refuge) as compared to open water, many species
and different life history stages utilize vegetated habitat, be it emergent marsh vegetation or
seagrass, in greater densitiestbpen water areas (Zimmerman aidiello 1984, Baltz et al.
1993. Spartinamarshes also facilitate the accumulation of organic matter and sediment thereby
increasing accretion of the marsh surface, but even this accretion is unable to keep up with
currert marsh loss rate®érry 2007. Spartinais the dominant coastal vegetated habitat for
numerous species the southern portion of Barataria Bay

Avicennia germinankoisel (black mangrove, referred to as mangrove in analyses and
results) is a woody spis that can grow to 15 m in the tropics. It is established in the Caribbean
Islands and in North America in Florida and Texas (Mitsch and Gosselink 2000). Mangroves
inhabiting fringes of estuaries and tidal channels in thick stands (Mendelssohn and206Rge
andSpartinadominated salt marshes serve the nekton community by providing food and refuge
in a similar capacity (Sheriden and Hays 2003). As with all mangrbiaak mangroves
sensitive to low temperatures and is not found in more temperatgetinHowever, black
mangrove has a lower temperature tolerance and more low temperature resistant populations than

other mangrove species found in the tropiagyp and PatterseAucca 197Y. Black mangrove

reaches its northern limit between 29°and 30°N s out heastern Loui si anaf
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and marshes (Woodroffe and Grindrod 1991, Mendelssohn and McKee 2000). Large diebacks of

black mangrove that occurred in the tropics in 288%and 19663 due to freezes 68 t0-11°C

suggest that mangroselo not establish where there is a 5% decrease from 20°C for the mean

low air temperature or three to four nights of frost a yeag¢ and PatterseAucca 1977

Woodroffe and Grindrod 1991). Some question remains as to whether local nekton use of

mangroes is universally high. Some qualitative studies indicate the regular utilization of

mangrove habitat by juvenile decapod crustaceans and fishes, but many studies did not

guantitatively compare mangrove habitat use to other fringing habitat types (Lasagdsiga

Johnson 1995, Sheriden and Hays 2003). Most mangrove comparisons have been between non

vegetated and/or seagrass habitat types, but not emergentadgesprasses (Thayer et al. 1987,

Chong et al. 1990, Laegdsgaard and Johnson 1995). Mangrowevarely affected by

hurricanes and typically achieve larger sizes in areas of protected vztank and Fennessy

2000such as those found in Louisianads wetl ands
Southeastern Louisiana coastal estuaries are dominat&plloyng but due to the rece

decrease ifreezingevents small strands of mangroves that occurred since the 1700s have

become more widely established and appear to be increasing in dominance creating a

marsh/mangrove ecotone (Peterson and Turner 1994, Caudill 2005) Spdueimaand

mangrove cepccur, mangroves often shaf8partinashoots. Both speciggenerally thrive in

areas withwaveprotection, low relief topography, and fine sediments. However, mangroves can

be found in sand when there are adequate amounts of organicim#teesediment

(Mendelssohn and McKee 2000Yhile they currently appear to be keeping pace witHees

rise, increased sdavel rise may lead to degradation to open wateA,. @germinanss more

susceptible to this than other mangrove spdgéi#ison and Stoddart 1991, Field 199Because
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many of the estuarindependent species in southeastern Louisiana are important commercial and

recreational fisheries, concern about the encroachment of mangroves and a possible habitat shift

from Spartinamarsh to mangrove stand salt marshes are Rigiry (2007) examined changes in

elevation, organic matter, and carbon assimilation ehtmges in the physiochemical

composition of the wetlands as they transform f@partinato mangrove dominated. Others

studies observed density and community differences of nekton aBmarjng black mangrove,

and transition$partinaand black mangrove) edge habitat type (Caudill 2005). Mangroves, due

to their thicker stems, should facilitate accretion at a similates@partinamarshes, and in

Louisiana there was no difference between the two rates (Perry 2007). Regardless of the cause,

Louisianads wetlands are decreasing and open
Because of their importance, salt marsh and nekton intamadtave been extensively

studied (Boesch and Tuner 1984, Baltz et al. 1993, Rozas and Reed 1993, Peterson and Turner

1994, Zimmerman et al.99Q Minello and Rozas 2002, Birdsong 2004). These studies

concentrated on specific marsh edge vegetation @rdiff bottom sediment types. There have

been few studies comparigpartinaand mangrove edge, and the ones that exist were relatively

shortterm studies only lasting 10 to 13 months (Caudill 2005, Perry 2007). This study was

longer term irspring andsummer seasons in lower Barataria Bay, Louisiana, collected small

fishes and decapod crustaceans, and used densities of selected species and total individuals along

with the fish and decapod crustacean community structure to test whether patterns differed

amorg Spartinadominated, black mangrove dominated, or transitional habitat type. | also

compared the physiochemical properties of the water column and bottom substrate type to the

potential causal relationships among vegetation and nekton species.
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MATERIALS AND METHODS
Study Area

In the study area of southern Barataria Egpyartinaand mangrove habitats are
interspersedtherefore, | was able to sample the separate habitat types during the same sampling
events (Figh.1). This is a microtidal estuary wheré & the dominant sediment and most wave
action occurs from climatic events not tidal surges. Dominant nekton specheschica
mitchilli (bay anchovy)Ctenogobius boleosongdarter goby)Gobiesox strumosy(skilletfish)
along with some important fishes species such 8éicropogoniasundulaus (Atlantic croaker)
andBrevoortia patronuggulf menhaden). Macroinvertebrates using the estuahyde
Clibanarius vittatughermit crab) andalaemonetespp. (grass shrimp) and the commercially
importantCallinectessapidug(blue crab) andrarfantepenaeus aztec(lsrown shrimp) (Chesney
et al. 2000, Jones et al. 2002). | sampled near and around Mendicant and Beauregard Islands just
north of the mouth of Barataria Waterway (Bid).

Field and Laboratorivlethods

Because estuarine fauna are highly seasonal in abundance and community structure (Day
et al. 1989, Rundle et al. 1998), | sampled seasonally in 2005, 2006, and 2007 for spring (March,
April, May) and summer (June, July, August) periods. | sampledtifatively by deploying a
cylindrical 1.18 M drop sampler at sites Bpartina(springn = 111;summem = 124),
mangrove (spring = 56;summem = 42), and transitional (sprimg= 56; summem = 54)
habitat types. At each site | recorded longitude katitude with GPS, distance to marsh edge
(m), and dominant substrate type and measured mean water depth (m), mean current velocity
(cms) temperature (eC), salinf.tcoplletegs0m)of and di
water to measure turbidifNTU) and 50 ml sediment cores for Microfoanalysis back at the

laboratory. A trash pump removed the water from the sampler and it was filtered through 333um
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mesh plankton net. A sample was complete once sampler was well seated, pumped of water, and
swept with nets to ensure removal of all macrofauna. | preserved, identified, measured, counted,

and ran statistical analyses on all nekton.
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Figure5.1. Map of study area that includes Mendicant and Beauregard Islands with examples of
Spartinamarshs i t es (3), mangrove marsh sites (06), an
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StatisticalMethods

Spring andsummer seasons were analyzed separately with 38 software. | first
used the MIXED procedure ANOVA to discern differences among marsh habgatayg
normalized total number of individuals, total number of decapod crustaesaitstal number
of fishesalong withspecies richness, Shanr@feiner diversity, and physiochemical variables.

To ensure results were not from changes in year or moatialyzedabitat type $parting

black mangrove, and transition), year, and months as main effects for-ady@dNOVA.
Mainef f ects differences were tested post hoc wi
differences among habitat type&p@arting mangrove, transition)A canonicaldiscriminant
analysis was used facilitate visualinterprettion ofthe differences identified in the ANOVAs.
Canonicaliscriminantanalysis calculates the linear combinatiomwoéntitative variables (taxa
or environmatal parameters) that hatree highest multipleorrelationswith thepre-assigned
factor(Sparting mangrove, and transitioty) provide the maximum separatiamongthose
groups. Wile singular variablemaynot show differenceamonggroups linearcombinations
may do so (SAS 2004t also provides MANOVAS to tegitthere are significant canonical
correlations and separation among grodjss procedure is preferable to discriminate analysis
when there are multiple correlated variables in the sisti(&SAS 2004)

Lastly, | used factor analyses to understand which environmental variables (distance to
marsh edge, mean water depth, mean water velocity, water quality variables, turbidity, and
dominant substrat&pntributedto differences seen betwe8parting mangrove, and transitional
habitat types. The analysis generated factor scores for each sample. Metataghfactor
scores for each habitat type and the ten most abundant species were calculated and used to plot
habitat types and species m@¢edimensional environmental space. Balloons were used to

represent £2 standard errors radii around group centroids.
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RESULTS
Spring

| sampled 130.98 frof Spartinaand 66.08 rheachof mangrove and transition habitat
type and collected 10,348 total im@tluals. The ten dominant species that accounted for 94% of
the nekton community welealaemonetespp, Brevoortiapatronus Clibanariusvittatus C.
similis, Callinectessapidus Micropogoniasundulatus Ctenogobiudvoleosoma
Farfantepenaeus azteguSsobiesoxstrumosusandPagurus longicarpugTable5.1).

Table5.1. Ten most abundagbring species, common names, and their total number and percent
of the total abundance.

Taxa Common Names TotalNumber Percent
Palaemonetespp. grass shrimp 4084 39.5%
Brevoortia patronus gulf menhaden 1588 15.3%
Clibanarius vittatus thin striped hermit crab 1270 12.3%
Callinectes similis lesser blue crab 857 8.3%
C. sapidus blue crab 612 5.9%
Micropogonias undulatus Atlantic croaker 483 4.7%
Ctenogobiudoleosoma  darter goby 300 2.9 %
Farfantepenaeus aztecus brown shrimp 211 2.0%
Gobiesox strumosus skilletfish 189 1.8%
Pagurus longicarpus longwristed hermit crab 102 1.0%

All significant results for habitat type main effects did not have significaéatactions P
> 0.05). Total threavay ANOVAS of number of fishes, species richness, and diversity were not
significant for main effects. The ANOVAs for total number of individuals and total number of
decapod crustaceans were significantly differéat s = 4.45,P= 0.013 andr; 196= 523 P =
0.006) for mangroveSparting and transiti onal habitat types.
analyses, the total number individuals was significantly higher in transitiemad(022) than in

Spartinahabitat types. Also the number of decapod crustaceans was higher in maRgrove (

76



0.021) and transitionaP(= 0.039) than irSpartinahabitat typesAnalysis of theseparate
environmentaVariablesshowed a significantcrease in mean water velocfty transitional
(F2.106= 3.7,P = 0.027) tharBpartinamarshedge. Tle Canonical discrimird analyses showed
significant difference between habitdassificationdor total number of individualdos, 334=
1.32,P =0.034 Fig5.2.9, decapods crustaaes E36402= 1.94,P = 0.001 Fig5.2.b), and the
ten dominant specie&{ 41s= 2.28,P = 0.001, Figh.2.c)

The factor analysigdentifiedfour orthogonal axes with eigealues greater than one that
together explained 6822 of thetotal variation inthe system. Factor 1 explained 23.8f
variation with large positive loadings fe@mperaturesalinity and mean wateelocity. Factor 2
explained 18.% of variation with positive loading fatistance to marsh edge and turbidihd a
negative loading fotemperatureFactor 3 explained 18% of variation with a positive loading
of mean water epth.Factor 4 explained 11% of variation with a positive loading of dominant
substrate (TablB.2). Habitat types fell out separately across Factor 2 witlsSthaetina samples
having higher temperature, lower turbidity and sampled closer to the marsh edge, mangrove
samples having lower temperature, higher turbidity, and sampled farther from the marsh edge,
and the transition samples falling between them (Fig b GallinectessimilisandF. aztecus
were associated witBpartinahabitat within environmental spad@allinectessapidusC.
vittatus C. boleosomas. strumosudV. undulatus andPalaemonetespp. were associated with
transitional habitat; whil&revoortia patronusandP. longicarpuswere associated with
mangrove habitat environmental parameters (Fig 5.3.b)

Summer
In the summer samples included 151.04ofrSparting 49.56 m of mangrove, and 63.72

m? of transitional habitat types with a total abundance of 7,480 individleitsdominant taxa
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comprised 87% of the individuals and w@aaemonetespp.,C. vittatus xanthidsC. sapidus
G. strumosusAnchoa mitchillj C. boleosomaC. similis, P. simpsoni andAlpheussp. (Table

5.3).
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Figure 5.2. Graphical representation of spring canonical coefficients with a) total number of
individuals, b) total number of decapodistaceans, c) the ten abundant spe8ipartina( 3 ) ,
mangrove (0), and transition (1).
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Table5.2. Factor scores for tlgpring environmental variables with the highest scores in bold.

Variables Factor 1 Factor 2 Factor 3 Factor 4
Salinity 0.74 0.20 0.05 0.33
Mean Water Velocity 0.63 0.06 -0.37 -0.05
Temperature 0.54 -0.60 0.14 0.11
Turbidity 0.23 0.61 0.17 -0.43
Distance to Marsh Edge -0.44 0.56 0.25 0.10
Mean Depth -0.24 -0.45 0.71 0.09
Dominant Substrate -0.43 0.07 -0.46 0.62
Dissolved Oxygen -0.35 -0.44 -0.46 -0.47
Eigenvalue 1.87 1.49 1.17 0.94
% Variance Explained 23.3 18.6 14.6 11.7
Cumulative % Variance Explained 23.3 41.9 56.5 68.2
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Figure5.3. Plot ofspring a) habitat types and b) ten mabtindant species wits
Palaemonetespp, Bp: B. patronusCv: C. vittatus C. sim C. similis C. sap C. sapidusMu:

M. undulatusCh: C. boleosomgFa: F. aztecusGs G. strumosusPl: P. longicarpusn three
dimensional environmental space. Habitat centroids are the factor means with balloon radii
representing: 2 standard error.
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Table 5.3. Ten most abundant summer taxa, common names, and their total number and percent
of the total abundance.

Taxa Common Name TotalNumber Percent
Palaemonetespp. grass shrimp 2747 36.7%
Clibanarius vittatus thin striped hermit crab 1456 19.5%
xanthid crab mud crab 610 8.2%
Callinectes sapidus blue crab 423 5.7%
Gobiesox strumosus  skilletfish 298 4.0%
Anchoamitchilli bay anchovy 274 3.7%
Ctenogobius boleosome darter goby 273 3.7%
C. similis lesser blue crab 190 2.5%
Panopeus simpsoni oystershell mud crab 153 2%
Alpheussp. snapping shrimp 96 1.3%

Variables with significant ANOVA results did not hasignificant interactionsR >
0.05). The ANOVAs for total number of individudls; 193= 4.88,P = 0.009, total number of
decapod crustacea(fs; 193= 3.41,P = 0.035, total number of fishe§, 103= 4.14,P = 0.017,
species richneg§, 193= 4.95,P = 0.009, diversity(F,,193= 4.30,P = 0.015 and were
significantly differentacross all habitat typeseans ofall biological variablesvere
significantlyhigher in mangrovéP < 0.05 thanin Spartinahabitattypes The ANOVA
conducted on the emanmental variables for summer showed no significant difference among
habitat typesThe canonical discrimimd analysis showed a significadifferencesamong
habitatclassificationdor total number of individualsH12 324= 1.39,P = 0.015, Figh.4.9, total
number of fishe$F7s 360= 1.32,P = 0.050, Figh.4.b), andenvironmental variable$(4 422=
1.98,P = 0.018, Fig5.4.c).

Factor analysis depictddur orthogonal axes with eigenvalugseater than or equal to
one ancexplained62.5% of the variation. Factor 1 explained.4% of variation with large
negativeloadings for DO and temperature. Factor 2 explainec®d@Bvariation witha positive

loading for mean water depth aadegative loading for turbidityractor 3 &plained 152% of
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variation with a positive loading of dominant substrate anegative bading for mean water
velocity. Factor 4 explained 1B8% of variation with a positive loading for distance to marsh
edge (Tablé&.4). Habitat types separated the masross the Factors 1 and 3 wh8partina
samples had higher temperature, D@an water velocityfjner sedimentsand we were able to
sample closer to the marsh edngrove samples had lower temperatures, DO, mean water
velocity, turbidity, higher mean water depttgarser dominant substragend we sampled farther
to the marsh edgdhe transition samples were intermediate (Fig 5.Blaheussp.,A. mitchilli,
andP. simpsoniwere more closely associated w&partinahabitat inenvironmental space
Callinectes similisG. strumosusPalaemonetespp.,and xanthid crabs were associated with
Spartinaand transition habitatsyhile C. sapidus C. vittatus andC. boleosomaassociated with

transitional and mangrove habitat typeg(5i5.b).

a)

Figure 5.4. Graphical representation of summer canonical coefficientstéwala)umber of
individuals, b) total number of fishes, c) environmentaiables Spartina( 3) , mangr ove (0
and transition (1).
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Table5.4. Factor scores for tleemmer environmental variables with the highest scores in bold.

Variables Factor 1 Factor 2 Factor 3 Factor 4
Temperature -0.62 0.22 -0.25 -0.37
Dissolved Oxygen -0.52 0.38 0.07 -0.11
Mean Depth 0.41 0.63 -0.20 0.32
Turbidity 0.23 -0.62 0.09 -0.32
Dominant Substrate 0.07 0.22 0.81 0.20
Mean Water Velocity 0.35 0.13 -0.59 0.22
Distance to Marsh Edge -0.34 -0.27 0.13 0.69
Salinity 0.38 0.48 0.30 -0.36
Eigenvalue 1.39 1.35 1.22 1.05
% Variance Explained 17.4 16.8 15.2 13.1
Cumulative % Variance Explained 17.4 34.2 49.4 62.5
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Figure5.5. Plot ofsummer a) habitat types and b) ten most abundant specieBsith
Palaemonetespp, Cv: C. vittatus Xan:xanthid,C.sap C. sapidusGs G. strumosusAnt A.
mitchilli, Ch: C. boleosomgC. sim C. similis P. sim: P. simpsoniAl: Alpheussp. in three
dimensional environmental space. Habitat centroids are the factor means with balloon radii
representig = 2 standard error.
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DISCUSSION

Current and hypothesized climate changes that increase temperatures and decrease the
frequency of freeze events will expand the dominance of mangrove stands in coastal
southeastern Louisiana. While mangroves are a &dr@stuarine habitathey were not
historically prevalent in North America, nor have they previously expanded at their current rate.
LouisianaSpartinasalt marshes are decreasing with the increaselkgekrise, major storm
events, and continued antpagenic perturbations. This increases unvegetated marsh areas for
the seeds of the black mangrove to germinate and establish thick mangrove stands. While other
studies have found little change with surface soils and vegetated impacts (Perry 2007), this
chapter looked at effects on nekton community components that utiliZgpédaginamarsh edge
as refuge and habitat.

Spring data showed the total number of individuals, driven by the abundant decapod
crustacean community, was higher in mangrove and tramsith@bitat types tha®partinaand
this was similar to Caudill (2005) findingShere were also trends $partinahabitats having
lower turbidity than mangrove habita&partinain dense stands has more numerous stems that
grow farther from the emergemegetated edge than mangrove pnuematophores. Theasina
stemscanslow down water velocity and trap suspended sediments from the water column,
similar to sea grasses. Mangroves are not in dense stands in Lodiki@mansientand
economically important species that utilize estuaries as nurgeFeaztecugBeck et al. 2001)
andit wasstrongly associated witBpartinahabitat, in this study. Thus a shift in dominance to
mangroves may result in declines foistBpecies ithis heavily fished argand the
enhancement of other species more closely associated with mangrov&8)Fig

In thesummer all biological variables were significantly higheblackmangrove than

Spartinadominated marslkedge habitat typdhere was #&rend ofSpartinahabitats occurring in
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higher temperature and turbidity than mangrove, but this is because of the lower mean depth and
higher mean water velocity aloi@partinaedge. The more shallow water was warmer and the
turbulent flowing water rsuspended the fine sedimengpartinaalso was associated with finer
sediments like silt and clay which made this habitat more suited foeslteentA. Mitchilli, and
mangrove habitat was associated withttaasientC. sapidusMangroves are complex

structures on the marsh edge and although the stems and pnuematophores are coarser than
Spartinastems they still act as complex structure for aquatic fauna providing refuge and food
from the epiphytic algad_@egdsgaard and Johnsa@01, Caudill 2005). Mangwres occur at

higher elevations thaBpartinain southeastern Louisiana and these were usually on the steeper
banks of channels and creeke(ry2007). Many of the species in tlsemmer were associated

with the transitional habitat types.

Nekton utilizedmarsh edge alongjl habitats in Barataria Bay as these three vegetated
habitat types were in close proximity to each other. Mangrove habitats attract juvenile fishes and
decapod crustaceans like other vegetated habitat in estuaries (Sheridan 199 tHhangnite
infringement may ba new phenomenan southeastern Louisiana, even this vegetative marsh
edge is more beneficial than unvegetated open watégah@immerman and Minello 1984
There still needs to be research on the four componentgséry habitat (Beck et al. 2001) in
eachof theopen water, mangrov8&parting and transition habitat types to better understand how
our fisheries species are adapting or utilizing these areas as nurseries in Barats3lzeBdgr(
and Hays 2003 Bothseasons had high decapod crustacean numbers in mangrove as they seem
to exploit that marsh edge (Caudil | 2005) . Ho
response to shifts in dominant habitat type and there is a need for more detailed exaofination
this relationship, and the use of black mangroves as suitable nursery habitat in southeastern

Louisiana.
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CHAPTER VI
ANALYSIS OF A LOUISIANA SALTMARSH -EDGE COMMUNITY FOODWERB:
SHIFTS IN FAUNAL INTERACTIONS FROM PRESSPERTURBATIONS
INTRODUCTION
Louisiana coastal marshascommodata range of taxa in multiple trophic levels such as

wading birds (Ciconiiforms), bottlenos®lphin (Tursiops truncatus red drum $ciaenops
ocellatug, gulf menhadenBrevoortia patronuys bay anchovyAnchoa mitchill), southern
flounder Paralichthys lethostignjablue crab Callinectes sapidysoystershell mud crab
(Panopeus simpsaonibrovn shrimp Farfantepenaeus aztequamerican oysterGrassostrea
virginica), and early life history stages of numeratkerfishes and macroinvertebrates. Red
drum, gulf menhaden, blue crab, and brown shrimp are commercially important species and use
coastal marshsfor larval and juvenile life history stages (Nelson 1992). The marsh edge is
dominated bySpartina alterniflora(smooth cordgrass) and is nursery habfi@at many
estuarinedependent species (Boesch and Turner 1984putheastern Louisianthe lower
Barataria Bayestuaryis directly connected to the Gulf of Mexico, and is in a constant state of
change from multipléong-termanthropogenic perturbatiofigress perturbatiorsensuBender
et al. 1984)Examples of these disturbances arerallstry presence (Roth and Baltz 2009),
wetland loss (Evers et al. 1992), audive and planned freshwater diversions to combat wetland
loss (Lane and Day1999), mangrove encroachment from a decreased frequency of freeze events
due to climate change (Mendsohn and McKee 2000), and a long history of shrimping and
fishing activities (Shervette et al. 2004). These influeacepressures for change in
relationships between and among abiotic and bemtosystenvariablesand can result in shifts
within thefood web. To understand the effeofshese pressem the trophic web of Barataria
Bay and to pinpoint areas of needed research, | utilized qualitative loop modelingppitdach

allowed me to examine the upper trophic levels of the medgle habitabf the bay and look at
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interactions among florafaund, andspecificabioticenvironmental variables. | also used the
modek to predictthe directiors of change ircommunityfood-web constituentsrom increasd
biomass of black mangrovigeshwater inpuby diversions, increased shrimping pressure, and
wetland loss.
MATERIALS AND METHODS
Study Area

Barataria Bayn southeastern Louisiamashallow and in the spring and summehas
high salinity, dissolved oxygen, and turbidity. The substrate is doediryy fine sediments
includingsilt and clay with high organic matter. The lower Bay (&ib) includesthe same
species associated with most Louisiana coastal wetlands and estuarisstramdjly influenced
by petroleum and fishing industries. | usetural history literature sources, my own
observations, and faunal databases to cemateraloop modelsharacteristiof nondegraded
saltmarsh edgeommunitiedor this study.
Loop Model

For moredetailed methods and formulaEmy general loop modeéfer to Dambacher
(2001). Ecologicaldop models are qualitative signed diagraphs that graphically represent direct
interactions betweemajorbiological and abiotic variables in a systérhese direct interactions
defineacommunt y 6 s ased ancdnnectiens between major comporaenighe
transmission of effecwirectly and indirectlyfrom onecomponento another through changes of
interaction signs betweerarables within the model. Thegnsof direct interactiongre positive
(represented by an arrow)xf increases from thiefluenceof x, and negative (represented by a
circle) if x; decreases from thefluenceof x, (Fig 6.2. a,b,c) (Lane and Levia977). There are
also sekdampening negative feedback loopg tacount for natural interactions outside the

scope of a model (Fig 6.2.a) (Lane and Levins 19X 7¢edback loop is a directional pathway
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Figure6.2. Loop model interactions a) negative self damping Idmositive interaction of,
onX;, andc) negative interaction of onx;

running from one node through others and back tmdeof origin without repeating any

portion ofthatpathway.Feedback loops are positive if the sign is unchanged and negative if the
sign changes (Dambacher 20(2ixect interactions includingrpdatorprey (+#), interference
competition {/-), mutualism (+/+), commengism (+/0), and amensam (-/0) relationshipsan
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all be represented in the diagraph. Once the diagraph is completed, a community interaction
matrixof 1-1, and O ihdicatéswddaactentefaction) is created based on direct
interactions betweevariables. This matrix shows the direct effects of all variables on each other
in the model (Dambacher et al. 2003). From the community interaction matrix, the adjoint matrix
is calculatedThe adjoint matrixepresents the net numlrpositive or negave feedbacKoops
acting on any variable the modelwhere any change in a column variable exerts a positive or
negative influence on each row variable in the column. There are several diagnostic tools
available to assess the stability of a given mdéetdback at each level is used to predict the
overallstability of the model. System stability depends on three criteriaverall feedback

must be negative, Zhe netfeedback at all levels must be negative, anth@net negative

feedback at lower levels must be stronger than feedback at higher([2aeibacher et al.

2003). The adjoint matrix is used to predietchanges t@onstituents ithe system wheane

or more othewariables or nodes are altered (Dambacher and Rditiberto 2007). Tassess
perturbations to the system, | employed presadt® adjoint matrix to simulate disturbaste
systemequilibrium.

Presses are persistent disturbances inegaitibrium systems to one or more variables
and can affect other variables through direct or indirect interactions (Bender et al Pi8&&s
can be a positive or negative and evaluated vidhe adjoint matrixas the effects of positive or
negative changes to one or more column variables on all row variblglgative presses are
generated by reversing the sigirall nodes in a column.df example, a positive press on
nutrients and a negative press on salinity could simulate a freshwater diversion to aaystem
if the fresh water is turbid it would be included in the pré&s® combined effects of two or more

presses of column varialslen rowvariablesare expressed through talgebraicsummatiorof
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row variableof the corresponding columns in the adjoint mafeixy.x o f + salibity,i ent s,

and + turbidity)

Individual loop models cannot be manipulated in the manner thattgatre models can
by changing interaction rates between nodes, but rather direct interactions between nodes must
bemade or brolen to examine similar models. Thweseralsimilar alternative models can be
compared by modifying the direct links betweenl@®or variablet evaluate theiaffects on
the outcome oparticularpresses. Tésemanipulatiors allow one to test whethéne basianodel
is the best representation of the study systethwhether the conclusions are general across an
array of similaimmodels (Lane and Levins 197 Fpurpressesvereassessedith eachof these
modekin an effort to uncovea general and realistnodel for Barataria Bay marsdge food
welbs. All models were stable systarthatdid not collapse with changes to the interactions or
links.

Initial Model Variablesand Interactions

My initial model (Fig6.3) is a representation of the primary food sources and macrofauna
on the marsh edge. Top level carnivores are represented byopiss wading birds (WB) such
asHerons Egrets, andbises that prey upon nekton at the shallow marsh edge and their prey
consist of anchovies, small sciaenids, tonguedisbels, shrimps, and crabs (Wambach and
Emslie 2003). High nekton density and \edability are necessary for successful predation by
wading birds (Gawlik 2002). They leave an area if prey densities, or interactions with the
environment change prey availability (Gawlik 2002). Water column predatory fauna (P) such as
sciaenids and larg&tue and stone crabs (F6g3) use the marsh edge as a nursery ground until
they are well into the juvenile life history stagigen they move into the open bay or up the
estuary (Currin et al. 1984). These species are opportunistic feeders and prehelgoaller

life history stages aihany of the fishes andacroinvertebratein the arealLarger iaenidssuch
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asdrum and Atlantic croaker feed on juvenile transient fishes, resident fish like bay anchovy,
blueand mud crabs, and shrimp (Stickre¢yal. 1975, Scharf and Schlight 2000, Simonsen
2007). Larger blue and stone crabs prey on most of the large macrofauna in the estuary including
clams, fishes, and other crabs (Gibson 1%88es et al. 1990

Brown and white pnaeid shrimp (PS) in southeastero ui s i an asugporte st uar i e:
important fisheriegFig 6.3) (Chesney et al. 2000, Shervette et al. 2004yenileshrimputilize
the marsh edge as nursery grounds (Minello and Zimmerman 19853pah#avegetated
edge has been shown to decrease p@dafibrown shrimp by species like Atlantic croaker
(Minello et al. 1987). Penaeid shrimp consueg&ritusand small caridean shrimphe node for
benthic fishes (BFjepreserga guild ofsmall and juvenile stages of mattgtfishes, gobies, and
eelsthatlive on or in the sediment (F§3). Larger flatfishes eat yourgj-year sciaenids and
other benthic fauna (Rice et al. 1993). Gobies and small flefsley on zooplankton and
meiofauna that liven stems ofSpartina(Carle and Hastings 198Ritzhughand Fleeger 1985,
Switzer 2003). The remaining faunal nodesraeeroinvertebrate

Numerous small crabs (SCgpresented by lesser blue crab, mud crabs, and earlier life
history stages of the large crabs (Big), are smaller animalsnd moltfrequenty making them
vulnerable to many predators. Beecrabgat detritus and benthic algae (Currin elab5.
Mud crabs arean beprevented from accessing essential resoufoes and refugeby the large
stone crabin the estuary (Brown et al. 200%srass shrimp (GS) are small but highly abundant
animals at the marsh edge (Bi§), andinteractwith vegetation as they eat meiofauna
associated witlspartinastems and consume the epiphytic and benthic algae in the system
(Gregg and Fleeger 1998). Thdgafeed on live&Spartinastems and detritus (Welsh 1975).

Two additionalnodes represent environmental variables in the esftarlidity (NTU)

(Fig 6.3) isameasure of the amount of suspengadicles in the water column. Turbidity
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affects predationby epibenthic and visual predators (like many in this loop modefauset
modifiesvisibility and their effectiveness to capture p{€yrus and Blaber 1992, Chesney et al.
2000). Higher abundances of maesiige fishes are associated withoidity above 10NTU and
water depth great than 30 cwhere the bottornts not visibleandprey ardessvisible to their
predatorgBaltz et al. 1993)The study areaada mean turbidity of 41 NTU and the bottom was
rarely visiblee x cept at t.The domirsant éneghamedesatighent (FS) found in
much of coastal Louisiana (F&3) is from 0.06 mm to 0.004 manthe Udderwentworth
Grade scaleandof the type historically deposited by the Mississippi RiVdris sediment is the
last to fall out of suspesion it is good burrowingubstratend can easily be resuspended by
burrowers, storm events, or trawling.

The last three nodes ggamary producerfound on the marsh edggpartina
alterniflora (Sg (smooth cordgrass) is the dominant saltmarsh vegetatiLouisiana (Fig.3
and6.4.a,c). It is an important form of structure that is utilized as refuge by small estuarine
nekton, and it is the primary producer of detritus (Welsh 1975, Currin et al. 1995, Gregg and
Fleeger 1998)Spartinais amajorprimary productin the marsh and is associated with higher
densities of nekton than open water habitat (Minalid Zimmerman 1985, Baltz et al. 1993,
Mitsch and GosselinR00Q. Epiphytic and benthic algae (A) found in the Bay (&) grow on
either plantsépiphytic) or substrate (benthic) and are another primary food source for many
species in the estuary (Sullivan and Moncreiff 1990, Currin et al. 1B86ause of the high
turbidity in lower Barataria Bay, light isftenunable to penetrate the sedimenhandaffects the
amount of algagrown on substrate®Avicenna germinangblack mangrove)Ag) is the
dominant mangrove species in higher latitudes and lower temperaturés3(aigl6.4.b,c)
(Woodroffe 1982)It livesin monospecifiand mixedstandsandperforms the same functioas

other wetland plants (Mendelssohn and McKee 2000, Sheriden and Hays 2003). Due to a
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decreasing frequency and intensity of freeze events, black mangrovedmasxpading in
southeastern Louisiana marshes creatiBgartna-mangrove ecotone atany points on the
marsh edge (Fig 6.€) (Petersomand Turner 1994, Caudill 2005), abedcomingthedominant
vegetative species sbmemarshes.

New Model Variants

The initial model had predatgrey interactions for most trophlievels (Fig 6.3). There
were twodirectoneway negative interactions of turbidity (NTU) on wading birds (WB) and on
algae (A), becauseintr bi di ty r e dilitctedetect pneg and algal ghhivt®syrdhesis is
reduced. Most of the other environnt@ variables had direct positive interactions on the faunal
nodes. To explore the generality of the medieéxamined two basic variations on the initial
model (Levins 1966the firstby reversing s direct linkandthe second by addiraydirect two

way faunal interaction.

Figure6.3. Initial loop model oflirectinteractiondetween primary producers and consumers of
higher trophic levels and environmental varialdethe Barataria Bay margdge. Individual
nodes are described in thetten more detail: A = lgae, FS = fine sediment, GS rags shrimp,

SC = small crabs, P = water column predators, BF = benthic fishes, PS = penaeid&dwimp,
Sparting Ag = black mangrove, WB = wading birdmdNTU = turbidity.
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