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Outline

— Importance of nekton in the Pontchartrain Estuary

— historical overview of baseline data and areas of
research

— significant disturbances that have affected the area
and nekton

— damage, recovery, and the current conditions

— best future practices to define “at risk” areas and
resources

— possible approaches to monitor nekton health



Important Nekton Species

All are ‘estuarine dependent’



NRL Baseline Nekton Data and Areas of Research
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— estuarine dependent species
— different gear types (e.g., seines, trawls, gillnets, larval nets, throw traps, etc.)
— also tagging and tracking (e.g., lemon sharks)
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Fish Assemblage Stability Over Fifty Years in the Lake
Pontchartrain Estuary; Comparisons Among Habitats Using
Canonical Correspondence Analysis

MagTiv T. O ComneLL!, RogerT C. CASHNER, and CHRISTOPHER S, SCHIEELE

Nektom Research Laboratory, Pontchartrain Institute for Environmental Sciences, Department of
Bioloymical Scienaes, University of New Ovisans, New Ovleans, Louisiana 70148

ABSTRACT: We msessed fish assemblage stability over the last half century in Lake Fontchartrain, an eoviroomentally
degraded sligohaline esmary in southeastern Louisiana. Because assemblage instability over time has been consistently
associated with severs habitat degradation, we attempted 1o determine whether fish assemblages in demersal, nearshore,
and pelagic habitats exhibited change that was unrelated to satural fluctuations in eovironmental variables (e.g.. assem.
hlage changes between wet and dry periods ). Collection data from three gear types (trawl, beach seine, and gill nets)
and menthly eovironmental data (salinity, temperature, and Secchi depth) were compared for four collecting pericds:
1954 (dry period), 1978 (wet period), 19961995 (wet period), and 19982000 (dry period). Canonical correspondence
analysis (OCA) revealed that although the three environmental variables were significantly associated with the distribution
and abundance patterns of fish assemblages in all habitas (with the exception of Secchi depth for pelagic samples),
mast fish assemblage change ccourred among sampling periods (e, along a tempoeral gradient unrelated to changing
environmental variahles). Assemblage instability was the most pronounced for fishes collected by trawls from demersal
habitats. A marked lack of cydicity i the trawl data OCA disgram indicated o shift sway from a baseline demersal
assemblage of 50 vy ago. Centroid positions for the five most collected spedes indicated that three benthic fishes, Atlantic
croaker { Micrapagenias mndudatus), spot {Leivstomus vaniwras), and hardhead catfish {Arius felis), were more dominant in
past demersal assemblages (1954 and 1978). A different situation was shown for planktiverous spedies collected by trawls
with bay anchovy (Andies mitchilli) becoming more deminant in recent asserublages and Gulf menhaden (Srevoorta
patrames) remaining equally represented in assemblages over fime. Changes in fish assemblages from pearshare (beach
seine) and pelagic (gill net) habitats were more closely related to environmental flucmiations, though the CCA for beach
seine data also indicated a decrease in the dominance of M. andidetns and an increase in the proportion of A ok il
over time. The reduced assemblage role of benthic fishes and the marked assemblage change indicated by traw] data
suggest that over the last half century demersal hahbitats in Lake Pontchartrain bave been impacted more by multiple
anthropogenic stressors than nearshore or pelagic habitaes.

Introduction faunas (Thompson and Fitzhugh 1985; Peterson

The environmental degradation of essential cs and Ross 19911, Acourate assessment of fish assem-

tuarine habitats in the United States threatens fish-
es of commerdial, recreational, and ecological im-
portance (Thaver et al. 1996; Waste 1906; Peterson
et al 2000; Baltz and Jones 2003). The highly var-
iable physiochemical and biotic nature of estuaries
precludes simple diagnoses of significant environ-
mental problems (Peterson and Ross 1991; Nords-
trom and Roman 1996; Materm et al. 2002). De-
termining the effects of natural and anthropogenic
disturbances on fishes is particularly difficult be-
cause of their mobility relative to other estuarine
organisms (Poff and Allan 1%95; Able and Fahay
1998; Wagner 1999). In estuaries, interhabitat
movernent, especially by migrating estuarine-de-
pendent fishes, creates temporally dynamic fish
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blage changes relative to possible habitat degra-
dation effects requires the comparison of data
along large temporal and spatial scales (Poff and
Allan 1905).

Lake Pontchartrain, an oligohaline esmary in
southeastern Louisiana, has been subject to nu-
merous anthropogenic impacts over the last half
century including urban and agricultural runoff,
shell dredging. overfishing, artificial saltwater and
freshwater inputs, shoreline alteration, and induos-
trial discharges (Francis and Poirrier 1999; Pen-
land et al. 2002). Although some of these environ-
mental stressors (urban and agricultural runoff, ar-
tificial saltwater and freshwater inputs) exist pres-
ently within the estwary while others (shell
dredging) have been discontinued, the environ-
mental degradation of Lake Pontchartrain has in-
creased over tme (Penland et al. 2002, Between
1900 and 1980, fisheres production in Lake Pont-




Significant Disturbances That Have
Affected the Area and Nekton
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Significant Disturbances That Have
Affected the Area and Nekton
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FISH ASSEMBLAGE INSTABILITY AND
HYDROLOGIC INFLUENCES IN LAKE
PONTCHARTRAIN, LOUISIANA (USA), A
DEGRADED OLIGOHALINE ESTUARY

Martin T. O'Connell
Pontchartrain Institute for Environmental Sciences
349 CERM Building - Research and Technology Park
University of New Orleans, New Orleans, LA 70148, USA

Robert C. Cashner
Department of Biological Sciences
University of New Orleans, New Orleans, LA TO148, USA

Christopher 8. Schieble
Pontchartrain Institute for Environmental Sciences, 207% Science Building
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ABSTRACT

Lake Pontchartrain, an olipohaling estuary in southeastern Louisiana, has been subject w
numerous anthropogenic impacts over the last half century including urban and agricultural
runoff, shell dredging, over-fishing, artificial saltwater “and freshwater inputs, shoreline
alteranm and industrial discharges. Previous analvsis of long-term fish data showed that
significant changes in fish assemblages have oceurred between 1954 and 2000. To assess
the current condition of fish assemblages in Lake Pontchartrain relative to multiple ongoing
and past environmental stressors, we conducted a three-vear (2000-2003) monthly survey of
fishes using trawls (7 sites), El“.flet:‘ 15 sites), and beach seines 15 sites). Because increased
fish assemblage variability has been used as an identifiable symptom of perturbed situations,
we compared relative multivariate dispersion indices for assemblages representing different
sites to determine which region appeared most affected by anthropogenic impacts. We also
examined possible correlations between fish assemblage stability and five hydrologic
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over the three years for trawl gillnet. and beach seine samples were 465, 119, and 184
samples, respectively. Details of sampling methods are discussed in O'Connell et al.
(2004). All analyses were conducted using PRIMER v3 software (Clarke and Warwick,
2001).

Lacation map of Lake Pontchartrain, Louisiana showing the seven fish
assemblage sites that were sampled monthly between July 2000 and June
2003, Note that only trawl samples were collected at mid-lake sites P6 and
P7. Sources of anthropogenic disturbances shown are the Bonnet Carre
Spillway (BCS) the City of New Orleans, and the Mississippi River Gulf
Outlet (MR-GO).

Our secondary goal was to determine which hydrologic conditions could be influencing
changes in fish assemblages over time. Previous research with estuarine fish assemblages
has shown that assemblages from impacted habitats are not only more variable over time
but also respond less to natural changes in hydrologic factors (Araujo et al., 2000; Peterson
et al., 2000; Clarke and Warwick, 2001; O'Connell et al.. 2004). For example, in less-

fish assemblages accurately reflected
the relative habitat quality
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Lake Pontchartrain fishery-independent
i data and the 2008 Bonnet Carré Spillway
opening: acomparison of historic and
post-opening surveys

Martin T. O’Connellt4 , Meg U. O’'Connellt, Brian Lezina?,
Christopher S. Schieble!, and Jeffrey M. Van Vrancken+

! Pontchartrain Institute for Environmental Sciences; University"'of New Orleans, LA
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Analytical Approach

— basic idea: see if post-
opening assemblages are
different than historical
fishery-independent data

— long-term data since 2000

— used six sites from around
Lake Pontchartrain

— looked only at trawl data
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Summary

— Natural Resource Management textbook: long-term
monitoring, NGOs, teamwork, and adaptive management;
encouraging

— river diversions can bring in good fishes (natives) and bad
fishes (non-native)

— significant post-opening changes in fish assemblages
occurred, with the most in June (i.e., lag period)

— assemblages at south shore sites (P5 and P2) most
Influenced; same as the past, need better habitat

11



Significant Disturbances That Have Affected
the Area and Nekton: Hurricane Katrina
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Significant Disturbances That Have Affected
the Area and Nekton: Hurricane Katrina

46
47

Abstract: To assess possible long-term impacts on fishes from the 2005 hurricanes and the
pumping of New Orleans floodwaters into Lake Pontchartrain, we compared monthly collections
taken prior to the hurricanes (2000-2003, 2005) with collections taken after (2006-2009). These
analyses indicated which species contributed to any significant changes in assemblages. Those
species contributing significantly to assemblage changes and the top 15 species of each gear type
(trawl, seine. and gillnet) were further examined to see if numbers of individual species differed
between the two time periods. Environmental parameters were examined to see which explained
assemblage patterns, and plots of these parameters and species were made to determine if any
parameters explained changes in assemblage or species numbers with the storms. Benthic fish
assemblages exhibited the most post-hurricane changes with significant (ANOSIM, two-way
crossed, p < 0.05) pre/post assemblage changes occurring in five of twelve months examined:
March, April, June, July, and August. Global R values for these differences. though, were all
markedly low (R < 0.221) suggesting that pre/post assemblage changes were not especially
drastic. Assemblage analyses showed that in all five months, bay anchovies (4nchoa mitchilli)
and Atlantic croaker (Micropogonias undulatus) were more numerous after the hurricanes, while
fewer Gulf menhaden (Brevoortia patrenus) were collected in post-hurricane traw Is. Analyses of
individual species yielded similar trends as assemblage analyses for Atlantic croaker and Gulf
menhaden and found that sea catfish (4riopsis felis) and hogchocker (Trinecte. s maculatus)
increased significantly after the hurricanes as well. Pre/post beach seine and gillnet collections
only yielded one month each of significant differences, again with relatively low global R
values: November beach seines (ANOSIM, two-way crossed, R =0.319, p < 0.01). April gillnets
(ANOSIM. two-way crossed. R = 0.275, p < 0.01). No environmental parameters explained any
assemblage changes due to the storms. These results suggest that four years after the hurricanes.
Lake Pontchartram fish assemblages have mostly recovered and there have been no long term
environmental effects on fishes. While the two most common species (A. mitchilli and M.
undulatus) actually increased. concerns exist about possible declines in B. patronus populations.
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A Meta-analytical Comparison of Fish Assemblages from
Multiple Estuarine Regions of Southeastern Louisiana
Using a Taxonomic-Based Method

Martin T. (" Connell’, Ann M.U. ("Connell’, and Robert W. Hastings*
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OOONNKELL, M.T.; 0'CONNELL, AMT., and HASTINGS, BW., 2005 A metsanalytical compariscn of fish
. :.i asmamhlages from muldipk sstoaring regions of southeastern Lounisiana using a taxmnomiehased mathed Joumal of
2 Cozatel Researeh, S1054), 101-112 West Palm Beach (Flomida), ISEN 07490208

The sstuarine accaystems of southesstern Lodsans sre threatasd by nomercus environmental impeets such as

‘@' wetland loas, eonstal devdlepment, and everharvasting of naturs] macumesa. f the mlstive hoalth of &farent ssuarics
can ba determined, then manasgement efferts might be fewed on thess regions neading the mest protecton.
Undfertona ta y, estnaries an by dafmition dynamie, precduding easy comparisens of relst ve amvirenmental haalth Mata-
analysas cam ba nsed to evereoma proh lems asscedated with this natoral variabidity. Analyzing &z hls eondogieal data sets
that covar large spatial and temperal seales is halpful in assassing rela tive eocsystem health ameng different regions To
compare tha heatth of fur eetnaring regiens of ssuthesstern Lonisiana (the Barataria Basin, Lake Maurepas, Laks
Pontchartrain, and the Biled Marsh and Chandalenr Islands regien), wa eal enlated taxenemie distinetness and varistion
in tawememie dstinetness for fshery-indopendont datas enllkested from thres hahitats: demersal, nearshore, and palagie
"hahi tats. Taxenemie distinemes i a bicdiversty index that measiras taxemend e distanes hetwean s pad s collaetad in a
single sampls. This taxanomie-hased methed is robost 1o dferences in sampls size and genarally mere usafol for large-
scala mets-analyses than other dversity messwras. We analysed dats scllaeted by trawls (demaersal hahitats), hosch
swines (naarshare habd tats), and gill nets (pelagie hahitats) over varins periods in the last half sentury. Damersal fish
assamblages frem Laks Pantehartrain and pelage fish ssssmblages frem the Barstans Basin were mars afaeted than
fishes endlected in similar hahitats in the ethar regims. Nearshare fish assemblages, theugh, weraegually healthy semas
all regions stodied.

ADINTIONAL INDEX WORDS: Eammamedel belth oestel setesw, Lake Pomtchartram, Lake Maurepas,
Boeraterie Bedn, Bilvsd Morahes, Chondaleur flanda

INTRODUCTION stress with different levels of impact. For exmmple, the
. artificial corridor crented by the M ississippd Biver Gulf Oaet let
Orver the h‘:: hﬂhmt—"’ the H*;E eoasystems af (MHGO) inta Lake Pantchartrain may hove more of a
suuthush:m wiseng here beso ade by pmneony significant impadt o that eshuary than doss recrentional
environmental dressors smuch as wetlind loss, coastal devel- ™ iy of groie Slen i ] Barataria Bay ((MCarmell
opment, polhation, chmpebzation of nmatural waterways, ot al. 2005). As we attempt to ot and properly
barrier islind erosion, md overharvesting of natural resoure- these estuazies, it will be valuable to net ealy determine
es (Chesney, Baltz, and Thomas, 2000; Doy o al, 2007; which s meed e moet hielp but ale sin which
Cormell of al, 2006). In this regim both the Pontchartrain stre most inflene the health of teese .
and Barataria-Terrebonne busins combain productive estuar- Unfortunately, evaluating the relative health of multiple
ies that are adjacent to areas of high humamn density, nomely estuacing regions ia often & of eonparing “spples and
the Greater New Orleans Metropolitan Aren (GNOMA), ar - withaut anithre i imflenees, the estus
which is the most popualous area of the state (Penlmd of al., rine p-u'rhm of the Pontehartrain Basin, which cll.t:nds

2002} This ]:.vw:nm:li'_lr to humnn development mems 1l.hnt o east from Lake Ma ta the Cl deleur Islmds
thess sstuaries are partcularly vulmerable to multipls differs from the more north-south oriented Barataria Bay,
aathropogeaie impacts s was seen in the afleemath of g, oy cgnarine portion of the Barsteris Besin,
Hurricanes Katrma and ?htn. Hirwewer, d.ﬂTemn‘t. eshaTine Although Biese b eobuarine regions dhame typival ssbmirin
veoaysieng wuy bove different sourees of exrinoaet] fish species, o comparism of their fish assemblages usng

traditiomal bindiversity imdices (eg., species richness, even-

DOF10.2113) SIBL002 1, mess, efc. | may not be appmpriste. In the past, these indices
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Table 2. Summary of fishery-independent collections with reduced taxonomic distinctness (A+) and reduced variation in taxonomic distinctness (A+) from
four estuarine regions of southeastern Louisiana (Barataria Basin, Lake Maurepas, Lake Ponichartrain, and the Biloxi Marsh and Chandeleur

Islands region).
Habitat and Gear Total Collections Collections with Significance and Adjusted Collections with Significance and Adjusted
Type Estuarine Region Analyzed reduced A+ Residual (3% reduced A+ Residual (%)
Demersal/Traw]l Barataria Basin 2094 50 NS* 1 NS
L. Maurepas 148 2 NS 1 NS
L. Pontchartrain 719 45 p =0016/5.17 0 NS
Biloxi/Chand. 174 5 NS 0 NS
Nearshore/Seine Barataria Basin 835 8 NS 1 NS
L. Pontechartrain 457 2 NS 0 NS
Biloxi/Chand. 182 [ NS 0 NS
Pelagic/Gill net Barataria Basin 7T 46 p=0.0493.76 0 NS
L. Maurepas 161 2 NS 0 NS
L. Pontchartrain 167 0 NSt 0 NS
Biloxi/Chand. o6 0 NS 1 p = 0.046/4.83
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Significant Disturbances That Have Affected
the Area and Nekton: An Open MRGO
(2006 Blue Crab Sampling)

16



Significant Disturbances That Have Affected
the Area and Nekton: An Open MRGO
(2006 Blue Crab Sampling)
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Circulation Differences During Recruitment Peaks

Small crabs per m2
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Significant Disturbances That Have Affected
the Area and Nekton: MRGO Closed
(2009 — 2011)
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MRGO study is now also
an oll spill study




Significant Disturbances That Have Affected -
the Area and Nekton: ’
i 2010 Deepwater Horizon Oil Spill

 NRL received preliminary funding from NSF, Sea ) *
Grant, and NGI to examine immediate nekton

response

« sampled areas in Lake Pontchartrain, Lake Borgne,
and the Chandeleur Islands

 preliminary data suggest little immediate effects but
will need to continue monitoring over long-term

o for adult nekton, it is not so much the trophic
toxicity as the possible loss of the 2010 year class

20



... which leads nicely into

Damage, Recovery, and the Current Conditions

e estuaries and estuarine organisms are resilient things

e If a nuclear device were detonated in Lake Pontchartrain,
most nekton species would return the next year

 as I've been telling reporters, when things are bad adult
fishes ‘Get out of Dodge’

e Hurricane Katrina example

21



Damage, Recovery, and the Current Conditions

“That toxic sludge will kill the lake for many years to
come.”

“Pumping that catastrophe into the lake will wreak havoc
on the ecosystem.”

“The lake route (for pumping floodwaters) would Kkill
several thousand acres of nearby swamps and marshes
which have already been rapidly diminishing because of
alterations to the Mississippi River.”

... well, not really

22



Damage, Recovery, and the Current Conditions

— “This Is great! Marty says estuarine critters will
survive dredging, hurricanes, spillway openings, and
oll spills. We're good-to-go!”

— the reality is somewhere between ‘doom-and-gloom’
and ‘everything is just rosy’

— key point: because estuarine nekton are resilient and
estuaries themselves are highly variable on a year-to-
year basis, we need long-term data to even detect
possible changes to the system (e.g., dredging)

23



Damage, Recovery, and the Current Conditions

— In fact, we need data over large temporal scales and
large spatial scales to really understand estuaries

24



Damage, Recovery, and the Current Conditions

cannot
actively
escape.

— let’s go back to this statement: for adult nekton, it is
not so much the trophic toxicity as the possible loss

of the 2010 year class; nekton versus plankton
25



Damage, Recovery, and the Current Conditions

cannot
actively
escape.

— to find out which species may have been impacted by
oll or dispersants, we need to assess the community

years later when these larvae should be adults
26



Best Future Practices to Define
“at risk” Areas and Resources

— find spawning localities for key species
— right now we can guess general areas, but
more specific information needed

27



Possible Approaches to Monitor Nekton Health

"

— monitor at historical baseline localities with
multiple gear types: compare to baseline data

— when something goes wrong, we know what 28
species should be present




Chandeleur Island Lemon Shark Nursery Habitat

Pre-Oil Spill Post-Oil Spill
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