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I N T R O D U C T I O N

S i n c e L o u i s i a n a S t a t e U n i v e r s i t y fi r s t p a r t i c i p a t : e d i n t h e
National Sea Grant program in 1968, the University's concern for the
s t a t e ' s m a r i n e s e c t o r h a s m u s h r o o m e d . A t t h e o u t s e t , m a r i n e - o r i e n t e d
research ac t i v i t i es were sca t te red th roughout severa l academic depar t
m e n t s a n d t h e C o a s t a l R e s o u r c e s I n s t i t u t e , b u t n o c e n t r a l f o c u s o r
u n i f y i n g t h e m e e x i s t e d f o r t h e s e e f f o r t s . W i t h t h e i n i t i a l C o h e r e n t
Pro jec t g ran t f rom the Nat iona l Sc ience Foundat ion , inves t iga to rs f rom
seve ra l depa r tmen ts j o ined i n a coo rd ina ted fie ld e f fo r t t o assess the
p o te n t i a l o f L o u i s i a n a ' s va s t co a s ta l w e t l a n d s f o r l a rg e - sca l e sh r i mp
m a r i c u l t u r e . I n r a p i d s u c c e s s i o n , b i o l o g i s t s w e r e j o i n e d b y e a r t h
s c i e n t i s t s , f o o d a n d fi s h e r y t e c h n o l o g i s t s , e n g i n e e r s , l a w y e r s , e c o n o
mists and others for whom the investigation, management, and development
o f c o a s t a l a r e a s a n d r e s o u r c e s h e l d a s p e c i a l c h a l l e n g e .

S e a G r a n t r e s p o n s i b i l i t i e s w e r e t r a n s f e r r e d t o t h e N a t i o n a l O c e a n i c
and Atmospheric Administrat ion, U.S. Department of Commerce, in 1970,
and an immediate consequence was a renewed emphasis on practical research
a n d a p p l i c a t i o n o f t h a t k n o w l e d g e .

S e a G r a n t a c t i v i t i e s a r e d e s i g n e d t o a t t a c k a l l f a c e t s o f a p r o b l e m —
not just those aspects that appeal to individual scientists. Louisiana's
program is concerned with management of al l the state's coastal and marine
r e s o u r c e s . T h i s h a s f o s t e r e d e x t e n s i v e c o m m u n i c a t i o n s w i t h g r o u p s a n d
i n d i v i d u a l s r e p r e s e n t i n g s t a t e g o v e r n m e n t , p u b l i c e d u c a t i o n , a n d m a r i n e
r e s o u r c e u s e r s . P l a n n i n g a n d m a n a g e m e n t o f a l l S e a G r a n t e d u c a t i o n ,
r e s e a r c h , a n d a d v i s o r y s e r v i c e a c t i v i t i e s a r e u n d e r t a k e n w i t h a p r o s p e c
t i v e u s e r ' s n e e d s i n m i n d .

W h e n n e e d e d c a p a b i l i t i e s w e r e a l r e a d y a v a i l a b l e i n t h e u n i v e r s i t y ,
t h e y w e r e i n c o r p o r a t e d i n t o t h e p r o g r a m . I n o t h e r i n s t a n c e s , i n d i v i d
u a l s h a v i n g n e e d e d q u a l i fi c a t i o n s w e r e r e c r u i t e d e l s e w h e r e . S e v e r a l
i n v e s t i g a t o r s i n o t h e r L o u i s i a n a u n i v e r s i t i e s h a v e r e c e i v e d s u p p o r t f o r
r e s e a r c h o n t o p i c s t h a t m e s h e d w i t h o v e r a l l p r o g r a m o b j e c t i v e s . O n e o f
S e a G r a n t ' s m a i n s t r e n g t h s i s t h e s p i r i t o f m u l t i d i s c i p l i n a r y a n d i n t e r -
u n i v e r s i t y c o o p e r a t i o n t h a t h a s c h a r a c t e r i z e d i t s a c t i v i t i e s v i r t u a l l y
f r o m t h e b e g i n n i n g . 5 ? . : ^

A l t h o u g h f u n d i n g f r o m b o t h f e d e r a l a n d u n i v e r s i t y s o u r c e s i s
c l e a r l y e s s e n t i a l f o r n e e d e d p r o g r a m c o n t i n u i t y , o t h e r m i s s i o n - o r i e n t e d
s p o n s o r s h i p i s v i t a l t o i n s u r e t h e a p p l i e d a n d p r a g m a t i c f o c u s i n t e n d e d
by Congress for Sea Grant ac t iv i t ies . Th is means that peop le assoc ia ted
w i t h u n i v e r s i t y S e a G r a n t p r o g r a m s m u s t b e a v a i l a b l e t o r e s p o n d t o
p r o b l e m s a r t i c u l a t e d b y o t h e r s , a n d w i t h i n t i m e f r a m e s d i c t a t e d b y t h e
i n f o r m a t i o n u s e r s . I t a l s o m e a n s t h a t S e a G r a n t p e o p l e m u s t e s t a b l i s h
a p r e s e n c e i n m a r i n e - r e l a t e d a f f a i r s o u t s i d e t h e u n i v e r s i t y , a n d
a g g r e s s i v e l y s e e k o u t o p p o r t u n i t i e s t o t r a n s f e r r e s e a r c h fi n d i n g s i n t o
t h e m a i n s t r e a m o f p u b l i c a f f a i r s . T r a d i t i o n a l u n i v e r s i t y p o l i c i e s ,
p r a c t i c e s a n d a t t i t u d e s a r e s o m e w h a t i n i m i c a b l e t o t h e s e a c t i v i t i e s —
w h i c h m a y i n d e e d d e t r a c t f r o m d i s c i p l i n e - o r i e n t e d , i n d i v i d u a l i s t i c .
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b a s i c - r e s e a r c h e f f o r t s — b u t w e b e l i e v e t h a t s o c i e t y i s d e m a n d i n g t h e
k i n d o f a c c o u n t a b i l i t y f r o m i t s i n s t i t u t i o n s t h a t S e a G r a n t i s i n t e n d e d
t o p r o v i d e f o r t h e m a r i n e s e c t o r . I n t h i s l i g h t , m a j o r p r o j e c t s t h a t
d r a w o n t h e f u n d o f k n o w l e d g e a n d o r g a n i z a t i o n a l c a p a b i l i t y g e n e r a t e d
with Sea Grant sponsorship—e.g., those by the U.S. Army Corps of
Engineers, Louis iana Deep Draf t Harbor and Terminal Author i ty, and the
c o n s o r t i u m o f o i l c o m p a n i e s c o m p r i s i n g t h e L o u i s i a n a O f f s h o r e O i l P o r t ,
I n c o r p o r a t e d — b e c o m e , i n e f f e c t , i n t e g r a l p a r t s o f t h e L o u i s i a n a S e a
Grant Program, and are t reated as such in th is report .
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SYSTEMS ECOLOGY

P r o l o g u e

L o u i s i a n a ' s " f e r t i l e fi s h e r i e s c r e s c e n t " h a d l o n g b e e n t a k e n f o r
granted by its hardy residents, but the logistical difficulties and
costs attending scientific field work had discouraged all but a few
intrepid researchers before Louisiana's Sea Grant program started in 1968
Then, for the first time, LSU scientists could launch a multidiscipli-
nary research effort in the coastal marshes on a scale that would justify
the large and expensive logistical effort needed to support it. Sea
Grant required a theme of practical importance, but that was easy—this
region was acknowledged as the most productive nursery ground for
commercial fisheries in the northern Gulf of Mexico, but no one really
understood how or why it functioned. If scientists could unlock the
secrets of its natural productivity, perhaps vast areas could be adopted
in their natural state for shrimp culturing and other profitable enter
prises, and perhaps these would suffice as economic incentives to stem
the natura l and man-made forces that threatened to destroy th is wast ing
" l a s t f r o n t i e r . "

So in early 1969 field activities finally began on the Barataria
Bay Project, named for a major bay-marsh complex in southeastern Loui
siana that Wild Life and Fisheries Commission personnel described as the
state's most biologically productive estuary. Work during the first two
field seasons might be called reconnaissance; samples, measurements, and
studies at widely dispersed locations assessed factors that varied
spatially, such as salinity and vegetative types, as well as those that
changed with tidal stage and season. To aid in later correlation of
these variables, stations were chosen to span a range of saline and
brackish marsh types, and most data gathering was coordinated at these
sites. Living organisms under init ial scrutiny were animal populations,
including fish, shrimp and bottom mud invertebrates; microbial flora of
the water and bottom muds; marsh grasses, phytoplankton and epiphytic
algae; and yeasts, fungi and bacteria. Chemical analyses of waters and
muds concen t ra ted on i no rgan i c nu t r i en t s and t o ta l l i p i ds . I ns t r umen
ta t i on was i ns ta l l ed on fixed p la t f o rms fo r con t i nuous reco rd ing o f key
water qua l i ty and meteoro log ica l parameters .

Each day in the soupy marsh brought new problems, new experiences,
and new app rec ia t i on o f t he d i f ficu l t i es i nhe ren t i n marsh ope ra t i ons .
But operational skills developed steadily, and Sea Grant researchers,
faced w i th the abso lu te necess i t y fo r coord ina t ion o f sampl ing t r ips and
sharing facilities, began to develop the understanding of each other's
w o r k w h i c h i s s o v i t a l t o a t r u l y i n t e r d i s c i p l i n a r y p r o g r a m .

S y s t e m s A n a l y s i s

Pe rspec t i ves ga ined f rom the fi r s t seve ra l fie ld seasons l ed t o a
reeva lua t i on o f t he p rog ram 's ob jec t i ves , and i nves t i ga to rs conc luded
that broader understanding of the total ecosystem would be needed before
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comprehensive development p lans—inc lud ing those for increas ing shr imp
harvests—could be made. Meeting as a team under the tutelage of Ralph
Pike and Bert Wi lk ins, system analysts f rom Chemical Engineer ing,
inves t iga tors hammered ou t a de ta i led p lan fo r s tudy, syn thes is , and
o p e r a t i o n a l r e s e a r c h o f t h e t o t a l e s t u a r i n e e c o s y s t e m . T h e i r f o r m a l
c h a r a c t e r i z a t i o n o f t h i s e c o s y s t e m c a l l e d f o r a h i g h l y s t r u c t u r e d
approach to t he fie ld s tud ies , w i th syn theses o f t he sys tem 's t roph i c
s t r u c t u r e a s a p r i m a r y g o a l .

S ince t roph ic re la t ionsh ips a re concerned w i th f low o f energy—as
food—through ecosystems, they imply unders tand ing o f photosynthet ic
ene rgy - fix i ng by p l an t s , and subsequen t u t i l i za t i on o f t ha t ene rgy by
v a r i o u s c o n s u m e r s p e c i e s . F o r t h i s p u r p o s e , b i o l o g i c a l s t u d i e s o f t h e
v a r i o u s o r g a n i s m s t h a t m a k e u p t h e c o m p l e x e s t u a r i n e f o o d w e b m u s t y i e l d
q u a n t i t a t i v e m e a s u r e s o f t h e i r s t a n d i n g c r o p b i o m a s s , f o o d c o n s u m e d ,
e n e r g y l o s t t h r o u g h r e s p i r a t i o n , a n d u t i l i z a t i o n b y s p e c i e s a t h i g h e r
t r oph i c l eve l s . To accoun t f o r a l l ene rgy flow ing t h rough t he ecosys tem,
a l l q u a n t i t i e s m u s t b e c o n v e r t e d t o c a r b o n - e q u i v a l e n t m e a s u r e s . T h i s
s y n t h e s i s o f t r o p h i c r e l a t i o n s h i p s w o u l d i n t e g r a t e p r a c t i c a l l y a l l t h d
b i o l o g i c a l d a t a g a t h e r e d d u r i n g p r e v i o u s y e a r s a n d p r o v i d e a m e a n s o f
i d e n t i f y i n g g a p s i n t h e o v e r a l l p r o g r a m t o b e fi l l e d b y s u b s e q u e n t w o r k .
B u t m o s t i m p o r t a n t , i t w o u l d p r o v i d e a s c h e m e b y w h i c h t h e r e l a t i v e
i m p o r t a n c e o f e v e r y c o n s u m e r s p e c i e s i n t h e m a r s h , a s w e l l a s t h e m a r s h
p l a n t s t h e m s e l v e s , c o u l d b e a s s e s s e d i n t e r m s o f i t s u t i l i z a t i o n b y
c o m m e r c i a l l y i m p o r t a n t s h r i m p a n d fi s h . E q u a l l y i m p o r t a n t , t h r o u g h
est imates of p lant mater ia l not consumed on the marsh but flushed into
the larger bays and open Gul f o f Mexico, the contr ibut ion f rom coasta l
m a r s h e s / t o t h e i n s h o r e a n d o f f s h o r e a q u a t i c c o n s u m e r f o o d c h a i n s c o u l d
b e e x a m i n e d . W i t h i n f o r m a t i o n a l i n p u t s , s c i e n t i s t s c o u l d a p p l y a d v a n c e d
methods o f s imula t ion and ana lys is to eva luate a l te rnate uses o f the
e s t u a r i n e m a r s h a n d i t s l i v i n g r e s o u r c e s — p r o b l e m s t h a t c o n f r o n t s t a t e
resou rce agenc ies , l eg i s l a to r s , p l anne rs , and env i r onmen ta l i s t s a lmos t
d a i l y .

To implement this approach, field work was concentrated in the
vicinity of Airplane Lake, selected as the "type" salt marsh location.
Later, other typical wetland environments would be studied intensively,
but the predominant importance of salt marsh as a nursery ground for
m a n y m a r i n e fi s h a n d s h e l l fi s h g a v e i t t o p p r i o r i t y.

E s t u a r i n e P r o d u c t i v i t y

Botanical studies measured net annual product ion of the marsh
grass, Spartina alternif lora; epiphytes—represented by fi lamentous
algae and diatoms; and the phytoplankton community of microscopic
fl o a t i n g p l a n t s .

Spar t ina a l te rn iflora is t ru ly the sa l t marsh "s ta f f o f l i fe " ; i t
accounts for almost 90% of the marsh primary production on an annual
bas is , w i th fi lamentous a lgae a t tached to Spar t ina s tems account ing fo r
mos t o f the rema inder. In bas ic energy un i t s , p r imary p roduc t ion va lues
found fo r Lou is iana sa l t marsh were s ign ifican t l y h igher than those
reported elsewhere, and exceeded reported figures for high-yielding
agricultural crops. Seasonal differences in production and those related
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to streamside versus in land locat ions were noted for each group, and
rates of Spart ina decomposit ion and export to the estuary were measured.

G r o w t h a n d P h y s i o l o g y o f M a r i n e O r g a n i s m s

How the marsh grass becomes avai lable to higher trophic levels is a
f u n d a m e n t a l q u e s t i o n , s t i l l p o o r l y u n d e r s t o o d . C e r t a i n l y m i c r o o r g a n i s m s ,
i n c l u d i n g y e a s t s , f u n g i , a n d b a c t e r i a , p l a y i m p o r t a n t r o l e s i n t h i s
p rocess and the re la ted ma t te r o f nu t r i en t recyc l i ng . Sea Gran t food
sc ien t i s ts and mic rob io log is ts have teamed toge ther s ince 1969 in fie ld
and laboratory studies on several aspects of this problem. Studied were
the breakdown and enrichment of marsh grass by microbial activity;
degradation and release of nutrients in chitin comprising the exoskele-
t o n s o f , e . g . , s h e l l fi s h ; a n d t h e m i c r o b i a l r o l e i n c o n v e r s i o n o f
foodstuffs by shrimp. Investigators determined the biomass and species
composi t ion of the microscopic communi t ies that occupy the Spart ina
stems and root zone (rhizosphere). High populations and a relatively
small number of species were present—the rhizosphere is an extremely
select ive habi tat . Invest igators found that ce l lu lo ly t ic bacter ia share
the initial task of plant tissue breakdown with filamentous fungi, and
measured the microbial biomass on Spartina in various stages of degra
d a t i o n .

Yeasts lack the necessary enzymes to attack cellulose directly, but
nevertheless participate in the decomposition of intermediate carbohy
drates and lipid constituents. Further laboratory study of the dominant
yeast, Pichia spartinae revealed that it could play a key role in the
large-scale, industrial production of single-cel l protein from waste
materials such as sugarcane bagasse—a process that could help to alleviate
g loba l p ro te i n sho r tages .

The metabolic breakdown of marsh grass by bacteria was examined in
laboratory experiments designed to simulate natural conditions, and
almost complete bacterial conversion of Spartina detritus in 30 days was
noted. Such conversion produced an order of magnitude increase in
nitrogen content, indicating that protein stored in the bacterial cel ls
i s a mo re impo r t an t nu t r i en t sou rce t o de t r i t i vo res t han t he de t r i t u s
itself. Knowledge of the amino acids and enzyme reactions characteris
tic of these bacteria was applied by microbiologist/food scientist
Samuel Meyers in developing commercial shrimp rations for emerging
m a r i c u l t u r a l e n t e r p r i s e s .

Chitin turnover was verified as a principal means of recycling
organic matter stored in the horny shells of such animals as shrimp,
crabs, copepods, coelenterates, and protozoans. Although large popu
lations of chitinaceous animals are present in the marsh, occurrence of
their remains in the sediments is very rare because of bacterial decay.
Chitin decomposing bacteria are very numerous in highly organic soil
deposits, especially at microsites presumably created by deposition of
dead exoskeletons, and they account for about 20% of the total bacterial
popu la t i on . Ra tes o f ch i t i n decompos i t i on were measured i n fie ld
experiments spanning a yearly cycle. Chitin may be an important factor
in large-scale crustacean mariculture, where large quantities of shells,
peels, and other wastes are produced during processing. Just as the
farmer returns nutrients in barnyard manure to maintain productivity
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o f h i s l a n d , t h o s e w h o u n d e r t a k e i n t e n s i v e c r u s t a c e a n c u l t u r e i n n a t u r a l
i m p o u n d m e n t s m a y p r o fi t f r o m m e t h o d s t h a t r e t u r n n u t r i e n t - r i c h c h i t i n t o
t h e i r p o n d s . L o u i s i a n a fi r m s t h a t p r o d u c e d r i e d s h r i m p h a v e f o u n d a
ready market for ch i t inaceous by-product shr imp meal as garden fer t i
l i z e r s ; i t s n i t r o g e n c o n t e n t i s c o m p a r a b l e t o g e n e r a l - p u r p o s e l a w n
f e r t i l i z e r .

Un i ve rsa l l y, sc ien t i s t s recogn i ze tha t b rown and wh i te sh r imp i n
n a t u r a l e n v i r o n m e n t s a r e b o t t o m f e e d e r s w i t h a p r e d i l e c t i o n f o r s o f t ,
organic materials. Not so well understood, however, is what they look
fo r i n t hese a reas . One theo ry ho lds t ha t t hey f eed i nd i sc r im ina te l y on
e v e r y t h i n g i n t h e i r p a t h — h u m u s , b a c t e r i a , p l a n t d e t r i t u s , s m a l l a n i m a l s ,
and wha teve r doesn ' t ea t t hem fi r s t . Ano the r pos tu l a t es t ha t t hey p i c k
and choose, working over the bot tom sediments to select the r ichest
m o r s e l s . S t o m a c h c o n t e n t e x a m i n a t i o n c a n n o t p r o v i d e n e e d e d a n s w e r s
b e c a u s e o f d i f fi c u l t y i n i d e n t i f y i n g m o s t o f t h e m a t e r i a l s . S o S e a
Grant researchers have at tacked the problem from several v iewpoints.

If shrimp ingest bottom organics indiscriminately, then amino acid
spectra of the sediments and gut contents should be similar—but they
weren ' t , a t l eas t i n those se lec ted fo r ana lys i s by o rgan ic geochemis t
Clara Ho. But perhaps a rearrangement of the basic amino acids occurs
in the shrimp digestive system. After al l , certain types of bacteria
possess this enzymatic capability. So graduate student Mary Hood added
ch i t inoc las t ic bac ter ia commonly found in the marsh to p repared ra t ions
being fed to shrimp, and counted those that survived passage through the
digestive tract. The resulting high survival rate was evidence that
shrimp digestive enzymes may be relatively ineffective in breaking down
t h e b a c t e r i a l c e l l w a l l s . F u r t h e r, s h e f o u n d t h a t b o t h t h e b a c t e r i a a n d
the shrimp produce enzymes (chitinase) which can convert ingested chitin
into other products needed for growth and development of the shrimp.

Gradua te s tuden t R icha rd Condrey tes ted ass im i la t i on e ffic ienc ies
of several "natural" shrimp diets, along with prepared art ificial diets.
Highest conversion rates were found for diatom cultures, diatom-bacteria
mixtures, and a commercial trout chow. The algal mat which occupies
Spartina stems in the intertidal range was a moderately good food source,
and, surprisingly, an experimental ration comprised of 30% shrimp meal
r a n k e d l a s t .

Much of the conflicting evidence about shrimp feeding habits has
been resolved by field investigations in Airplane Lake, carried out by
zoologist Harry Bennett and graduate student Ralph Jones. Brown shrimp
were trawl-sampled at nearshore and mid-lake stations during an entire
spring season, and gut contents were compared with bottom sediments at
these locations through analyses of total proteins, organic matter, and
particle size distributions. Results showed that small juveniles—under
45 millimeters length—rgobble up fine sediments indiscriminately, and at
a very high rate. To compensate for the low organic nutrient value of
this material, they manifest higher protein assimilation efficiency than
their larger brothers. But the larger shrimp are selective feeders, and
predatory as well, as evidenced by proportionately higher numbers of
resistant animal parts found in their foreguts. They also attest to the
fishermen's adage that " i t takes big bait to catch big fish large
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particles of detritus formed most of the foregut content of the large
s h r i m p .

C h e m i s t r y

It would be virtually impossible to interpret the fabric of a
coastal zone ecosystem without reference to its soil and water chemis
try. In the Louisiana coastal zone, these conditions vary widely over
the transitional salinity gradient bounded roughly by fresh water inland
a n d f u l l - s t r e n g t h s e a w a t e r a t t h e G u l f . W i t h i n t h i s r e g i o n e x i s t
complex zonations of plant communities and animal species, largely
governed by the i r t o le rance to sa l twa te r.

Although salinity is the most conspicuous chemical variant in this
environment, i t is not by any means the only one of importance. Sea
Grant inves t iga tors have s tud ied many o f these fac tors in the i r search
for governors of biological populations. The early years emphasized
development of techniques for handl ing large numbers of precise analyses
on a product ion basis. These were needed to character ize the seasonal
and spa t ia l va r iab i l i t y o f many chemica l pa ramete rs tha t a f fec t g rowth
and physiology of marine organisms. Reasonably complete chemical study
o f an es tua r i ne s i t e may requ i re assays o f d i sso l ved nu t r i en ts , t o ta l
o r g a n i c s , m e t a l s u l fi d e s , c a r b o n a t e s , s i l i c a t e s , a m i n o a c i d s , a n d o t h e r
c h e m i c a l p a r a m e t e r s .

Important d i f ferences in soi l and water chemistry were found between
z o n e s o f d i f f e r i n g s a l i n i t y , c o r r e s p o n d i n g t o d i s t i n c t b i o l o g i c a l
d i f f e r e n c e s . O n e e x a m p l e i s t h e h i g h e r t o t a l o r g a n i c c o n t e n t o f b o t t o m
s e d i m e n t s i n a b r a c k i s h z o n e , a s c o n t r a s t e d w i t h a m o r e s a l i n e a r e a ,
noted by chemist Clara Ho. Corresponding di fferences in the biomass and
s p e c i e s c o m p o s i t i o n o f v a r i o u s m i c r o - o r g a n i s m s w e r e f o u n d . S e a s o n a l
v a r i a t i o n s i n d i s s o l v e d i n o r g a n i c n i t r o g e n c o r r e s p o n d e d w i t h p l a n t
g r o w t h c y c l e s , w h e r e a s d i s s o l v e d i n o r g a n i c c o n c e n t r a t i o n w a s a p p a r e n t l y
l i n k e d w i t h r e c y c l i n g f r o m h e t e r o t r o p h i c o r g a n i s m s .

N u t r i e n t C y c l i n g

W h e r e e s t u a r i n e m a r s h e s g e t t h e n u t r i e n t s t o s u s t a i n t h e i r r e m a r k
ab le product iv i ty remains an open quest ion. One wide ly accepted theory
h o l d s t h a t t i d a l fl u s h i n g a n d fi l l i n g p u m p s n u t r i e n t l a d e n w a t e r s f r o m
t h e n e a r b y M i s s i s s i p p i R i v e r i n t o t h e e s t u a r y . A n o t h e r m a i n t a i n s t h a t a
nut r ient subs idy ex is ts in the so i l—perhaps a legacy f rom t imes when
t h e r i v e r o v e r fl o w e d i t s b a n k s p r i o r t o c o n s t r u c t i o n o f a r t i fi c i a l
l evees . Bo th sources may be impor tan t , bu t i t i s necessary to quan t i f y
t h e i r r e l a t i v e e f f e c t s i n o r d e r t o m a x i m i z e s o c i a l a n d e c o n o m i c r e t u r n s
f r o m t h e r i v e r . I n v e s t i g a t o r s h a v e p u r s u e d b o t h l i n e s o f r e s e a r c h .

With help from the Louisiana Wild Li fe and Fisheries Commission,
Clara Ho has taken water samples across the great clockwise eddy that
M i s s i s s i p p i R i v e r w a t e r s f o l l o w a s t h e y e x i t f r o m S o u t h w e s t P a s s a n d
s p i r a l t o w a r d G r a n d I s l e . N u t r i e n t a n a l y s e s c o r r e s p o n d i n g t o t h e r i v e r
mouth, Baratar ia Bay ins ide the passes at Grand Is le , and in tervening
s t a t i o n s i n t h e G u l f a r e b e i n g c o m p a r e d t o a s s e s s t h e r i v e r ' s c o n t r i b
u t i o n o f n u t r i e n t s t o t h e e s t u a r y a t v a r i o u s r i v e r s t a g e s . R e s u l t s s o
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far suggest this mechanism may be far less effective than previously
b e l i e v e d .

Agronomist William Patrick and graduate student James Brannon
looked at soil nutrient systems ^ situ. They found that availability
of most elements required for plant growth is governed by seasonal
changes in water level and temperature, which in turn regulate pH,
bacterial activity, and redox potential—a measure of reducing con
d i t i o n s . T h e l a y e r o f s e d i m e n t s i n t h e S p a r t i n a r o o t z o n e i s r i c h i n
many nutrients, including an estimated 500-year supply of phosphorus,
and Spartina functions as a nutrient pump in mobilizing these materials.
When the marsh soil surface is exposed to the atmosphere, a shallow
oxidized zone develops in which elements including iron, manganese and
phosphorus exist as insoluble minerals. But after prolonged tidal
inundat ion, soi l oxygen becomes depleted and minerals are t ransformed to
soluble forms, available as plant nutrients. Presence of organic matter
i s a l s o a v i t a l f a c t o r i n n u t r i e n t r e c y c l i n g .

N i t rogen fo r p lan t g rowth mus t be ava i lab le in inorgan ic fo rm,
typically ammonia. Most of the nitrogen in marsh soils occurs as plant
or animal tissue, of which a part is converted to ammonia during bac
t e r i a l d e c a y. U n d e r a n a e r o b i c c o n d i t i o n s t h i s o c c u r s v e r y s l o w l y, s o
the n i t rogen supp ly becomes l im i t ing to p lan t g rowth in the Spar t ina
s a l t m a r s h . I n v e s t i g a t o r s h a v e f o u n d t h a t a v a i l a b l e n i t r o g e n i s l o w e s t
dur ing the spr ing when p lant growth is h ighest , and h ighest in October
and November when plant growth has diminished but bacterial decomposi
t i o n a c t i v i t y i s h i g h . N i t r o g e n c o n c e n t r a t i o n d r o p s w i t h t e m p e r a t u r e
d u r i n g t h e w i n t e r m o n t h s a s b a c t e r i a l a c t i v i t y d i m i n i s h e s .

N i t r o g e n u p t a k e b y S p a r t i n a a n d m i n e r a l i z a t i o n b y b a c t e r i a w e r e
studied using 15^ as an isotope tracer. Despite the high existing
p r i m a r y p r o d u c t i o n o f L o u i s i a n a s a l t m a r s h e s p r e v i o u s l y n o t e d , P a t r i c k
f o u n d t h a t a 1 5 % i n c r e a s e i n g r a s s y i e l d c o u l d b e a c h i e v e d w i t h s u p p l e
m e n t a l i n o r g a n i c n i t r o g e n . A l t h o u g h i t i s d i f fi c u l t t o i m a g i n e c i r c u m
s t a n c e s t h a t w o u l d j u s t i f y l a r g e - s c a l e a p p l i c a t i o n o f c o m m e r c i a l f e r t i
l i z e r t o s t i m u l a t e p l a n t g r o w t h , t h e fi n d i n g h a s v a l u a b l e e c o n o m i c
imp l i ca t i ons f o r coas ta l c i t i es and i ndus t r i es wh i ch mus t d i spose o f
n i t r o g e n - r i c h e f fl u e n t s . I n d e e d , b a s e d o n t h e e q u i v a l e n t i n d u s t r i a l
c o s t o f t e r t i a r y w a t e r t r e a t m e n t f o r r e m o v a l o f n u t r i e n t s — w h i c h m a r s h
systems accomplish natural ly—LSU researchers James Gosselink and Robert
Pope, with Eugene Odum, University of Georgia, found a value of $80,000
per acre. The energy subsidies provided by marshes may be far more
impo r tan t t o mank ind t han fishe r i es , r ec rea t i on , o r o the r va l ues
r e c o g n i z e d b y s o c i e t y .

L i p i d S t u d i e s

A poorly understood aspect of wetland ecosystems concerns the
energy cyc led th rough the sys tem as l i p ids . A f te r a l l , one never hears
o f a sh r imp w i th "m id r i f f bu lge , " and in na tu re the s low runners usua l l y
ge t ea ten . Even so , s ince p lan ts do syn thes ize l i p ids f rom bas ic
bu i ld ing b locks inc lud ing water, carbon d iox ide , and energy f rom the
sun, Robert Al len in the Biochemistry Department has sought to understand
t h e i r r o l e i n t h e m a r i n e f o o d c h a i n .
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Field studies have shown that l ip ids in sediments are most abundant
where organic content is h igh. In the marsh waters , they are most
a b u n d a n t w h e n p h y t o p l a n k t o n a r e a l s o p r e s e n t . O n a d r y w e i g h t b a s i s ,
G u l f p l a n k t o n c o n t a i n 1 0 - 2 0 % l i p i d s ; n o t s o r i c h a s t h o s e o f a r c t i c
w a t e r s , w h i c h a r e r e n o w n e d a s t h e p r i n c i p a l f o o d o f w h a l e s .

A s i d e f r o m t h e i r u s e f u l n e s s a s a n e n e r g y s o u r c e , t h e f a t t y a c i d s
p resen t i n l i p i ds a re essen t i a l i n t he d i e t s o f eve ry h i ghe r an ima l .
Thei r funct iona l ro les are yet unknown for shr imp, but compar isons wi th
t r o u t a n d o t h e r s p e c i e s s u g g e s t t h a t t h e y a r e n e c e s s a r y f o r g r o w t h ,
s e x u a l m a t u r a t i o n , r e p r o d u c t i o n . S h r i m p f e e d i n g t r i a l s t e s t e d a v a r i e t y
o f m a n u f a c t u r e d o i l s a s l i p i d s o u r c e s i n e x p e r i m e n t a l r a t i o n s , b u t t h e y
fa i l ed t o p rov ide use fu l i n fo rma t i on abou t t he an ima l ' s bas i c requ i re
m e n t s . F u t u r e s t u d i e s m a y s t a r t w i t h f a t - f r e e d i e t s a n d s e e k t o i d e n t i f y
r e s u l t i n g n u t r i t i o n a l d e fi c i e n c i e s .

L i k e o t h e r n u t r i t i v e c o m p o n e n t s o f p l a n t t i s s u e , l i p i d s m a y p a s s
t h r o u g h a d d i t i o n a l s t a g e s o f e n r i c h m e n t i n t h e f o o d c h a i n b e f o r e t h e y
a r e c o n s u m e d b y s h r i m p . S i n c e y e a s t s a b o u n d i n L o u i s i a n a m a r s h e s ,
r e s e a r c h e r s i n v e s t i g a t e d t h e i r a b i l i t y t o u s e S p a r t i n a l i p i d s a s a f o o d
s o u r c e . R e s u l t s s u g g e s t t h a t y e a s t s i n t h e e s t u a r i n e f o o d c h a i n m a y b e
m o r e i m p o r t a n t t h a n i n o t h e r e n v i r o n m e n t s , b u t t h e i r r o l e r e m a i n s o b s c u r e ,

E c o l o g i c a l M o d e l i n g a n d S i m u l a t i o n

C h a r a c t e r i z a t i o n o f a n e c o s y s t e m c a n t a k e p l a c e a t m a n y s c a l e s , a s
d i s p a r a t e a s t h e m i c r o s i t e f o r m e d b y t h e d i s c a r d e d e x o s k e l e t o n o f a
s h r i m p — a n d s u b s e q u e n t l y o c c u p i e d b y a c o l o n y o f c h i t i n a c e o u s b a c t e r i a —
o r a n e n t i r e e s t u a r i n e b a y m a r s h c o m p l e x t h o u s a n d s o f s q u a r e m i l e s i n
e x t e n t . T h e r e g i o n a l p e r s p e c t i v e s e e m s m o s t a p p r o p r i a t e f o r s t u d i e s
d e s i g n e d t o s u p p o r t m a n a g e m e n t d e c i s i o n s , b u t i t a l s o i m p l i e s a s c o p e o f
s c i e n t i fi c i n q u i r y t h a t s u r p a s s e s o u r c a p a c i t y f o r d e t a i l e d m e a s u r e m e n t
a n d o b s e r v a t i o n .

T h e m a j o r p r o b l e m s i n h e r e n t i n t h e s t u d y o f l a r g e - s c a l e e c o s y s t e m s
re l a te t o bo th spa t i a l va r i ab i l i t y and dynam ic p rocess - response i n t e r
ac t i ons be tween ma jo r componen ts . A func t i ona l l y use fu l desc r i p t i on o f
such a system must take account of i ts b io logica l , chemical , and physi
ca l components , and e luc ida te the causat ive re la t ionsh ips o f p r imary
importance. I f i t is to be employed as a management tool , i t must have
the added capab i l i t y o f s imu la t ing the dynamic behav ior o f the na tura l
s y s t e m — t h a t i s , t o p r e d i c t c o n d i t i o n s o r e v e n t s w h i c h l o g i c a l l y f o l l o w
f rom changes in ex te rna l d r i v ing func t ions , g i ven the s ta te o f the
s y s t e m a t s o m e i n i t i a l t i m e . M a t h e m a t i c a l d e v e l o p m e n t o f t h e s e a b s t r a c t
models for the Baratar ia Bay system has been a pr imary effort of chemical
e n g i n e e r s R a l p h P i k e a n d B e r t W i l k i n s s i n c e 1 9 6 9 . T h e s e r e s e a r c h e r s
v i e w e c o l o g i c a l m o d e l i n g e f f o r t s a s e x t e n s i o n s o f m e t h o d o l o g y e m p l o y e d
i n s i m u l a t i o n o f c o m p l e x c h e m i c a l p r o c e s s s y s t e m s .

During the 1972-73 period, work was virtual ly completed on a com
puter model of t ransport phenomena in a general ized estuar ine system.
F e a t u r e s o f t h i s m o d e l a r e s i m u l a t i o n o f fl o w p a t t e r n s a n d t i d a l fl u c t
u a t i o n s i n a s h a l l o w b a y s y s t e m w i t h a r b i t r a r y l a t e r a l b o u n d a r i e s ;
p r e d i c t i o n o f t e m p e r a t u r e d i s t r i b u t i o n s a n d e n e r g y t r a n s p o r t ; s i m u l a t i o n
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o f s a l i n i t y p a t t e r n s i n r e s p o n s e t o t r a n s i e n t h y d r o l o g i c i n p u t s ; a n d
p a t t e r n s o f d i s t r i b u t i o n f o r a n y o t h e r s p e c i e s h y d r a u l i c a l l y t r a n s p o r t e d
i n t h e w a t e r c o l u m n .

App l i ca t ions fo r th i s mode l a re numerous . To the ex ten t tha t mode l
resu l t s sa t i s f ac to r i l y r ep roduce behav io r o f a r ea l es tua r i ne sys tem as
r e c o r d e d a t a f e w c o n t r o l l o c a t i o n s , t h e y c a n b e c o n s i d e r e d v a l i d
app rox ima t ions o f na tu ra l cond i t i ons e l sewhere i n the p ro to type flow
reg ion . Thus, resu l ts f rom s imula t ion exper iments can be employed to
p r e d i c t c u r r e n t s t h a t p a r t i a l l y g o v e r n d i s p e r s a l o f p o s t - l a r v a l s h r i m p
a n d o y s t e r l a r v a e ; t o e x p l a i n o b s e r v e d s p a t i a l d i s t r i b u t i o n s o f s a l i n i t y -
dependent animals; to investigate sedimentation patterns; and to select
sampling times and locations. The variability of water quality parameters
in the estuary as affected by changes outside the system can be studied
by observing model behavior; this information can in turn be used to
develop valid and efficient sampling programs. Movements of fish and
shel lfish, as wel l as mortal i t ies of del icate post- larval shr imp result ing
from passage of cold fronts, can be better understood by studying water
temperature changes predicted by the model.

Another model substantially completed during the reporting period
simulates the growth and population dynamics of brown shrimp. Growth of
young shrimp that enter the estuary from the Gulf of Mexico as post-
larvae is greatly dependent on water temperature. Their migration waves
are apparently tr iggered by fortnightly t idal cycles. Mathematical simu
lation of migration cycles, growth rates and mortalities corresponding
to postulated seasonal climatic records affords a way to predict the
size and abundance of harvestable brown shrimp at any t ime during their
estuarine residence period. Comparison of model results with those
obtained from biological sampling and landing records, and iterative
r e fi n e m e n t o f f u n c t i o n s u s e d t o m o d e l t h e b a s i c p o p u l a t i o n p a r a m e t e r s ,
w i l l lead to be t te r unders tand ing o f b rown shr imp popu la t ions dynamics .
This will improve management of the shrimp fishery by the Wild Life
and F isher ies Commiss ion. A re l iab le pred ic t ive method would enab le
comparison of alternative management objectives, such as maximum economic
return, maximum sustainable yield, or preservation of desirable socio
logical values and life styles, and thus contribute towards greater
objectivity in coastal zone management practices.
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W A S T E E F F E C T S

On the average, a million acre-feet of water, carrying more than a
m i l l i o n t o n s o f s e d i m e n t a n d u n t o l d a m o u n t s o f d i s s o l v e d c h e m i c a l s ,
course through Louisiana each day via the Mississippi and Atchafalaya
Rivers. Agr icul tural , industr ia l , municipal and resident ia l wastes from
almost half the nation pour into the Gulf of Mexico along Louisiana's
shores ; i ndeed Lou is iana 's l ow, de l ta i c coas ta l zone was bu i l t f rom so i l
a n d n u t r i e n t s s t r i p p e d f r o m l a n d s u p r i v e r .

So, one asks, how can a l i t t le more do any harm? But this quest ion
fa i l s to recogn ize the chang ing charac te r o f the d isso lved chemica ls
carried by the river during recent decades. Many of these chemicals
originate in highly toxic wastes from the mighty industrial complex—
dubbed the "Nor th Amer ican Ruhr, "—along the r iver 's lower reaches;
o thers a re res idues f rom agr icu l tu ra l pes t ic ides and herb ic ides washed
f r o m m i l l i o n s o f a c r e s o f r i c h m i d w e s t e r n f a r m l a n d s . N o r d o e s i t
recogn ize the cumula t ive e f fec t o f thousands o f seeming ly inconsequent ia l
d r ibb les o f c rude o i l , seep ing unobt rus ive ly in to wate rways o f the marsh
f rom leaky p ipe jo in ts , d r ipp ing va lves , separa to rs , sumps, and b leedwater
l i n e s , w h e r e v e r o i l i s p r o d u c e d .

Waste Effects projects are seeking answers to some of these quest ions
Whereas the Systems Ecology program seeks to understand how the natural,
"uns t ressed" ecosys tem func t ions . Waste E f fec ts p ro jec ts app ly tha t
knowledge to assess the effects of man's waste disposal practices on
n a t u r a l s y s t e m s — a n d e v e n t u a l l y h i m s e l f . T h i s w i l l i n s u r e t h a t t h e s e
sys tems a re u t i l i zed mos t e f f ec t i ve l y, and any ma te r i a l benefi t s t hus
rea l ized are proper ly imputed in assess ing the va lue to soc ie ty o f such
s y s t e m s .

M a r s h D i s p o s a l o f O r g a n i c W a s t e s

Estuar ine ecosystems perform valuable service to mankind through
t r e a t m e n t o f s e w a g e e f fl u e n t s . M o r e o v e r , e s t u a r i n e w a s t e a s s i m i l a t i o n
does no t s top w i th " secondary t rea tmen t "—bac te r ia l d iges t i on o f o rgan ic
m a t t e r — b u t c o n t i n u e s t h r o u g h t h e " t e r t i a r y " s t a g e o f i n o r g a n i c n u t r i e n t
r e m o v a l a n d a s s i m i l a t i o n . P r o c e s s t e c h n o l o g y t o p e r f o r m t h e l a t t e r
funct ion is extremely expensive; Gossel ink, Odum and Pope est imated that
t e r t i a r y w a t e r t r e a t m e n t p e r f o r m e d b y a n a c r e o f t i d a l m a r s h i s w o r t h
$2500/year in monetary te rms, ye t na tu re does i t " f ree . "

Even so , d i rec t d i scha rge o f was te e f fluen ts i n to Lou i s i ana ' s
c o a s t a l s t r e a m s i s n o t a v i a b l e s o l u t i o n . M o s t o f t h e s e s t r e a m s fl o w

s l u g g i s h l y , s o w a t e r s o s c i l l a t e b a c k a n d f o r t h d u r i n g a t i d a l c y c l e w i t h
l i t t l e n e t o u t fl o w . H i g h w a t e r t a b l e s a n d i m p e r m e a b l e s o i l s c o m p l i c a t e
o t h e r w a s t e d i s p o s a l m e t h o d s .

Ve g e t a t e d a r e a s o f t h e m a r s h a r e m o r e p r o m i s i n g . A g r o n o m i s t
W i l l i a m P a t r i c k f o u n d t h a t a n a e r o b i c b a c t e r i a i n fl o o d e d s w a m p a n d m a r s h
s o i l s c a n u t i l i z e s u b s t a n t i a l a m o u n t s o f i n o r g a n i c n i t r o g e n , a n d t h u s
c r e a t e d e fi c i t s i n n i t r o g e n a v a i l a b l e f o r p l a n t u s e . W o r d e d a n o t h e r
w a y, m a r s h p l a n t s c o u l d u s e 1 5 % m o r e n i t r o g e n . T r a c t s o f c o a s t a l m a r s h
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set as ide for organic sewage d isposal could ass imi la te large amounts of
was te nu t r i en t s , conve r t i ng them to add i t i ona l p lan t t i s sue fo r subsequen t
de t r i t us p roduc t i on t o sus ta in o the r o rgan i sms .

To t e s t t h i s t h e o r y , e c o l o g i s t s J o h n D a y a n d G i l l S m i t h i n i t i a t e d a
c o o p e r a t i v e s t u d y w i t h t h e Z a p a t a H a y n i e C o r p o r a t i o n , w h o s e m e n h a d e n
p rocess ing p lan t a t Du lac , Lou is iana , p roduces l a rge quan t i t i es o f
o r g a n i c w a s t e e f fl u e n t s d u r i n g t h e fi s h i n g s e a s o n . S i t u a t e d a l o n g a
nav igab le cana l , the p lan t i s ad jacen t to a la rge d redge spo i l apron .
The spoil bank supports a dense stand of roseau cane (Phragmites communis)
o n a s u r f a c e s l o p i n g g r a d u a l l y a w a y f r o m , t h e c a n a l t o w a r d a n e x t e n s i v e ,
u n p o p u l a t e d m a r s h .

A p u m p a n d s p r a y d i s c h a r g e s y s t e m w a s i n s t a l l e d t o d e l i v e r p r o c e s s
e f fl u e n t s f r o m a p r i m a r y t r e a t m e n t p o n d t o t h e n a t u r a l l y v e g e t a t e d c l a y
s p o i l b a n k , w h e r e i t w o u l d t r i c k l e d o w n s l o p e t h r o u g h t h e s u r f a c e p l a n t
c o v e r a n d l i t t e r l a y e r — a d i s t a n c e o f 3 0 m e t e r s . C o n c e n t r a t i o n s o f
o r g a n i c c a r b o n , n i t r o g e n , a n d p h o s p h o r u s a r e b e i n g m o n i t o r e d a l o n g t h q
fl o w p a t h . V e g e t a t i o n g r o w t h a n d t o t a l c o l i f o r m b a c t e r i a i n t h e e f fl u e n t
a r e a l s o b e i n g m e a s u r e d .

P r e l i m i n a r y r e s u l t s i n d i c a t e t h a t o v e r l a n d fl o w i s a w o r k a b l e , l o w
c o s t , s a f e , a n d e n v i r o n m e n t a l l y s o u n d s o l u t i o n t o t h e w a s t e d i s p o s a l
p r o b l e m s o f f o o d p r o c e s s i n g i n d u s t r i e s i n s o u t h L o u i s i a n a . C o n c l u s i v e
fi n d i n g s t o t h i s e f f e c t w o u l d i m m e d i a t e l y b e n e fi t d o z e n s o f s m a l l s e a
f o o d p r o c e s s o r s i n t h i s r e g i o n , w h o m a y b e f o r c e d t o s u s p e n d o p e r a t i o n s
unless relat ively simple, low-cost measures can be adopted to meet new,
s t r i n g e n t w a t e r q u a l i t y s t a n d a r d s . A l m o s t a l l s u c h e n t e r p r i s e s a r e
s i t u a t e d o n t h e n a t u r a l l e v e e s a l o n g m a i n t a i n e d n a v i g a b l e w a t e r w a y s t h a t
fo rm the hab i tab le " ske le ton " o f t h i s reg ion , w i th conven ien t access to
s u i t a b l e d i s p o s a l a r e a s .

C a d m i u m G e o c h e m i s t r y

W h e n s a l e o f s w o r d fi s h t o U . S . c o n s u m e r s w a s b a n n e d f o u r y e a r s a g o
by the Federal Food and Drug Administration, a new kind of environmental
awareness swept over the American publ ic. For years the dangers of lead
paint had been a concern of health authorities and consumers alike, but
suddenly a new, insidious hazard was revealed, and the whole gamut of
h e a v y m e t a l s c a m e u n d e r s c r u t i n y.

O n e o f t h o s e t h a t a t t r a c t e d a t t e n t i o n w a s c a d m i u m . T h i s i s a
relatively scarce element in nature—no cadimum minerals have been found
in commercial quantities, and none are mined solely for their cadmium
c o n t e n t . Ye t c a d m i u m r e c o v e r e d a s a b y p r o d u c t f r o m z i n c , l e a d , a n d
copper ores has found many indust r ia l uses that inc lude corros ion-
res is tan t coa t ings on i ron , as a p igment ing agent in pa in t , and in long-
life rechargable battery cells, so that presently the amount of cadmium
used fo r techn ica l purposes is more than doub le tha t o f mercury. As i t s
technical uses have grown, so has the d ischarge of industr ia l waste
effluents car ry ing cadmium in t race amounts . S ince 40% of the nat ion
dra ins to the Gul f o f Mex ico v ia the Miss iss ipp i R iver, the amount o f
cadmium reaching the estuarine waters of coastal Louisiana must be large
i n r e l a t i v e t e r m s .
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Nobody knows the ultimate disposition of cadmium or related ele
ments l ike z inc and ind ium once they reach the sea. Ev idence ind icates
t h a t t h e i r c o n c e n t r a t i o n s i n t h e o c e a n s a r e l e s s t h a n 1 % o f w h a t h a s
been supplied them over geologic time. Probably much of this material
is precipitated as insoluble sulfides in oxygen-deficient zones of deep
ocean basins. But s imi lar reducing condi t ions are common near the
sed imen t wa te r i n te r face in sha l l ow coas ta l env i ronments l i ke Lou is iana 's
fringing salt marshes. Here a delicate carbon-oxygen cycle is driven by
photosynthetic production of oxygen from carbon dioxide by living plants,
its consumption through respiration by higher life forms, and the oxida
tion or decay of dead plant tissue by bacteria. Oxygen depletion of
estuar ine waters occurs when v igorous aerat ion by wave act ion is lacking,
and increases in severity near the water bottom, where available oxygen
is used up by bacteria in the process of breaking down organic plant
t i s s u e .

Ray Ferrell of the LSU Geology Department investigated the geo
chemistry of trace metals in such an environment by means of theoretical
phase re l a t i onsh ips and s tab i l i t y d i ag rams .

He determined tha t the reduc ing cond i t ions resu l t ing f rom b io
chemical activity of bacteria near the sediment water interface would
favo r p rec ip i ta t i on o f cadmium and z inc f rom so lu t i on as su lfides .
T h e s e m e t a l s c o u l d a l s o e n t e r t h e s e d i m e n t a r y c o l u m n t h r o u g h c o n c e n
t ra t i on i n l i v i ng o rgan i sms , subsequen t bac te r i a l decay, and bu r i a l
unde r r educ ing cond i t i ons as t o i nso l ub l e su l fides .

A l te rna t i ve l y, me ta l ca t ions in so lu t i on may be adsorbed on fine
g ra ined pa r t i cu l a te ma te r i a l wh i ch even tua l l y se t t l es t o t he bo t t om.
Under sui table reducing condi t ions, cat ion exchange wi th more abundant
e l e m e n t s i n s e a w a t e r c o u l d r e l e a s e t h e s e t r a c e e l e m e n t s t o b e p r e c i p i
t a t e d a s i n s o l u b l e s u l fi d e s .

The relative importance of these various metal "sinks" in an
e s t u a r i n e e n v i r o n m e n t i s b e i n g i n v e s t i g a t e d t h r o u g h fi e l d e x p e r i m e n
t a t i o n a t a t e s t s i t e i n a s m a l l m a r s h l a k e n e a r C a m i n a d a B a y . A n
experimental setup enabled measured amounts of cadmium to diffuse
v e r t i c a l l y t h r o u g h b o t t o m s e d i m e n t s i n a n e n c l o s u r e t h a t l i m i t e d l a t e r a l
movement , ye t a l l owed wa te r l eve ls to fluc tua te no rma l l y w i th t i des .

S m a l l c o r e s a m p l e s t a k e n m o n t h l y f r o m b o t t o m s e d i m e n t s i n s i d e t h e
c y l i n d e r e n a b l e d w o r k e r s t o m o n i t o r r e a c t i o n s i n v o l v i n g t h e c a d m i u m a s
i t d i f f u s e s i n t o t h e s e d i m e n t s . A n a l y s i s o f t h e d a t a , s t i l l i n p r o g r e s s ,
s h o u l d u l t i m a t e l y y i e l d e v i d e n c e c o n c e r n i n g t h e a v a i l a b l i l i t y o f t r a c e
m e t a l s i n s e d i m e n t s t o d e t r i t i v o r e s a n d o t h e r b e n t h i c o r g a n i s m s ; i t s
s u b s e q u e n t c o n c e n t r a t i o n a t h i g h e r t r o p h i c l e v e l s , w h e r e i t c o u l d p o s e a
h a z a r d t o h u m a n s ; a n d p o s s i b l e r e l e a s e o f s u c h m e t a l s i n t h e e n v i r o n m e n t
t h r o u g h c h a n g e s p r o d u c e d b y d r e d g i n g a n d e x c a v a t i o n .

H e a v y m e t a l r e l e a s e f r o m m a r s h s e d i m e n t s i s a q u e s t i o n o f p r o f o u n d
c o n c e r n t o m a n y i n d i v i d u a l s , e n v i r o n m e n t a l o r g a n i z a t i o n s a n d t h e U . S .
A r m y C o r p s o f E n g i n e e r s , w h i c h s p o n s o r s o r r e g u l a t e s v i r t u a l l y a l l
d r e d g i n g i n t h e e s t u a r i n e z o n e . U n d e r s t a n d i n g o f c a d m i u m m o b i l i t y i n
t h e e s t u a r i n e e n v i r o n m e n t w o u l d p r o v i d e a b a s i s f o r e v a l u a t i n g p r e s e n t
r e g u l a t i o n o f d r e d g i n g a c t i v i t i e s , a n d d e v e l o p i n g s a f e r d r e d g e - s p o i l
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d i sposa l p rac t i ces , i f needed . I n t u rn , p ro tec t i on o f human f ood sou rces
w o u l d b e a n u l t i m a t e , o b v i o u s g o a l .
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F I S H E R I E S A N D S E A F O O D I N D U S T R I E S

Louisiana is world-renowned as a gourmet 's paradise, and the reasons
s t e m f r o m a f o r t u i t o u s b l e n d o f t h e F r e n c h c u l t u r e w i t h a n u n p a r a l l e d
n a t u r a l b e n e fi c e n c e o f f o o d f r o m t h e s e a . M a i n t a i n i n g t h e e m i n e n c e o f
L o u i s i a n a fi s h e r i e s a n d s e a f o o d p r o d u c t s i s a p r i m a r y g o a l o f m a n y
groups in the s ta te , inc lud ing Sea Grant .

S e a f o o d P r o d u c t T e c h n o l o g y

The LSU Food Science Department has maintained a traditional emphasis
on problems of the seafood industr ies, development of new products,
r e fi n e m e n t o f p r o c e s s t e c h n o l o g y, b a s i c n u t r i t i o n a l s t u d i e s , i n d u s t r i a l
s tandards fo r packag ing and labe l ing , and consumer p ro tec t ion ac t i v i t i es .
Sea Grant support to Food Science through Arthur Novak, Department Head,
h a s b e e n p a r t l y i n s t i t u t i o n a l i n c h a r a c t e r, p r o v i d i n g f u n d s t o a c c e l e r a t e
the depa r tmen t ' s t o t a l ma r i ne - re l a ted p rog ram. These coope ra t i ve e f f o r t s
h a v e e x p l o r e d m a n y i n d u s t r i a l p r o b l e m s i n c l u d i n g t h o s e f o l l o w i n g :

L o u i s i a n a c r a w fi s h h a v e t a n t a l i z e d s e a f o o d c a n n e r s s i n c e
pond culturing was demonstrated more than 20 years ago.
Ta k i n g a c u e f r o m t h e s h r i m p c a n n i n g i n d u s t r y , e f f o r t s
w e r e m a d e t o p a c k c r a w f i s h t a i l s — u n s u c c e s s f u l l y , s i n c e
t h e m e a t t u r n e d b l a c k i n t h e c a n s . L S U r e s e a r c h e r s

f i n a l l y i s o l a t e d t h e c u l p r i t s — h i g h i r o n c o n t e n t a n d
s u l f u r - c o n t a i n i n g a m i n o a c i d s w h i c h r e a c t w i t h t h e m e t a l
c a n s . U s e o f c h e l a t i n g a g e n t s — w h i c h t i e u p t h e m e t a l
t h a t c a u s e s d i s c o l o r a t i o n — e l i m i n a t e d t h i s p r o b l e m .

F r o z e n c r a w fi s h m e a t h a s a t e n d e n c y t o b e c o m e r a n c i d
a f t e r a v e r y b r i e f s t o r a g e p e r i o d . R e s e a r c h p i n p o i n t e d
an enzymat i c p rocess in the " fa t "—ac tua l l y the hepa to -
p a n c r e a s — c a u s i n g t h e p r o b l e m , a l i p a s e a c t i v i t y t h a t
o c c u r s e v e n a t - 2 0 C . F o o d s c i e n c e ' s l a t e s t a d v i c e
t o h o m e m a k e r s : w a s h a l l f a t f r o m c r a w fi s h t a i l s
b e f o r e f r e e z i n g . T h i s m a y p r o v e a p a i n f u l s u g g e s t i o n
t o L o u i s i a n a c o n s u m e r s , w h o h a v e a l w a y s c a r e f u l l y
p r e s e r v e d t h e f a t f o r l a t e r r e c o m b i n a t i o n a s a fl a v o r
i n g a g e n t .

M e c h a n i z a t i o n o f h a n d o p e r a t i o n s p r o m i s e a g r e a t
e c o n o m i c b o o n t o s e a f o o d p r o c e s s i n g i n d u s t r i e s , w h e r e
m a n y i n n o v a t i o n s h a v e a l r e a d y o c c u r r e d . B u t a l l t o o
o f t e n , p r o d u c t s f r o m m e c h a n i c a l o p e r a t i o n s l a c k t h e
f a m i l i a r f o r m , t a s t e , o r t e x t u r e d e s i r e d b y c o n s u m e r s .
W i t h c r a b m e a t , m e c h a n i c a l p i c k i n g i s h i g h l y e f fi c i e n t ,
bu t the resu l t i ng sh redded flesh lacks the " l ump"
q u a l i t y d e s i r e d f o r C r a b L o u i e , C r a b N e w b e r g , a n d
o t h e r d e l i g h t s . R e s e a r c h e r s t e s t e d a v a r i e t y o f
c h e m i c a l b i n d i n g a g e n t s t o fi n d a p r o c e s s f o r r e c o m -
b ined " lump" meat w i th accep tab le tas te qua l i t i es .
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The huge quantity of fish discarded by shrimp trawlers
has long been a concern of fishery interests, nutrition
experts, and resource managers. Although popular
expectations for fish protein concentrate (FPC) to solve
the worlds food problems peaked about five years ago,
many experts believe its time is yet to come. Food
sc ien t i s t s , examin ing the p ro te in con ten t and impor tan t
processing characteristics of several abundant industrial
fish species from the Gulf of Mexico, found squid an
i d e a l c a n d i d a t e f o r b o t h F P C a n d g o u r m e t p r o d u c t s .
The versatile species, at times abundant, is high in
protein, has excel lent flavor, and very l i t t le waste.

Few departments at LSU have the enthusiastic off-campus support
Food Science commands, a fact reflected by industry support through
faculty honoraria, fellowships, test materials, and in-plant pilot
process facilities. The Food Science program is relevant not only to
Louisiana, but to the nation as well, and there is keen competition
among major seafood laboratories and processors for fisheries-oriented
Food Science M.S. and Ph.D. graduates. Sea Grant Food Science research
is also effectively disseminated throughout industry and government, by
graduate students serving internships in key quality control spots.

Food Science faculty are frequent participants in national advisory
panels of industry and government, and are often contacted to trouble-
shoot urgent problems via telephone or shirtsleeve sessions in-plant.
Users of LSU's seafood technology are as broad-ranging as the research
itself, and go from private citizens to national government. Industry
is served through individual gratis consultation when problems of a
specialized or sensitive nature arise, and through participatory efforts
sponsored by such groups as the International Shrxmp Council, Shrimp
Association of the Americas, Shellfish Institute of North America,
National Shrimp Breaders and Processors, and National Fisheries Institute

I n v e r t e b r a t e R a t i o n s D e v e l o p m e n t

Most mariculturists agree that the bare essentials for cultivation
of any seafood species are good feed and good water. Samuel Meyers of
the LSU Food Science Department has been developing feed recipes for
crus tacean cu l tu re con t inuous ly s ince 1969.

An initial approach was to look at the food consumed by shrimp in
nature. This was a natural adjunct to Meyer's work in the Systems
Ecology program, involving study of microorganisms that utilize marsh
plant detritus as a food source and with it provide a principal natural
food for shrimp. Information from those studies, with comparative data
on digestive enzymes and bacteria isolated from shrimp, led to under
standing of shrimp nutritional requirements and identification of
ingredients to supply those needs.

Specification of nutritional components is a first step; the second
and third involve developing just the right physical properties to
insure water stability, acceptability by the animal, and formulation
from low-cost materials. This is complicated by the fact that by
product materials considered waste one day may be valuable the next as
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technology for their use becomes available.

Meyer's rations use 30% shrimp meal, developed by a departmental
colleague, James Rutledge. The superior protein—rich fish meal is
produced from shellfish processing wastes by removing up to 86% of the
indigestible calcium carbonate. Thus a troublesome waste disposal
problem has become a profitable by-product, also in demand for catfish,
t r o u t , a n d p o u l t r y r a t i o n s .

Experimental rations, extruded in convenient spaghetti-like morsels,
were widely circulated to mariculture research laboratories and commercial
grow-out facilities. American lobsters, penaeid shrimp, macrobrachium
shrimp, and crawfish have all thrived on it.

A commercial industrial feed producer is manufacturing the product
in bulk quantities for a Mexican grow-out facility, and a new starch-
bound, water-stable flake diet is undergoing testing with larval shrimp,
C r u s t a c e a , a n d b i v a l v e s .

When shrimp and lobsters from American fish-farms begin appearing
in the supermarket, odds are that they will have been fattened on Sam
M e y e r ' s f a v o r i t e s p a g h e t t i r e c i p e .

A q u a c u l t u r e . . . P r o m i s e s , P r o m i s e s

The pompano is a handsome, aristocratic fish, whose golden sheen is
matched by the glitter of its price in the fish market, where it routinely
brings a higher price per pound than filet mignon. But early Sea Grant
efforts revealed that riches from pompano mariculture are likely to be
fool's gold for the Louisiana entrepreneur who tries to satisfy its
voracious appetite or maintain the rigorous standards of water quality
that the beast demands. The red drum, a highly popular game fish in
Gulf coastal waters, was also abandoned as a mariculture candidate after
a brief exploratory study of feeding habits, because wild stocks are
abundant and the i r commerc ia l docks ide va lue is too low to in teres t fish
f a r m e r s .

Catfish Reproduction

The search fo r economica l l y v iab le spec ies to cu l tu re in the vas t
brack ish water marshes turned back to more fami l iar ground. Dur ing the
period 1968-71, Sea Grant researcher James Avault demonstrated success
in brackish water grow-out of fresh-water channel catfish. Apparently
t h e s e a n i m a l s t h r i v e i n b r a c k i s h w a t e r , b u t c a n n o t r e p r o d u c e t h e r e .
Since knowledge of the channel catfish' reproductive physiology was too
meager to assess environmental limits for successful spawning, studies
o f c a t fi s h s p e r m , i n c l u d i n g i t s s a l i n i t y a n d t e m p e r a t u r e t o l e r a n c e , w e r e
i n i t i a t e d b y A v a u l t a n d g r a d u a t e s t u d e n t M o n t e J a s p e r s .

Gu th r i e Pe r r y, b i o l og i s t w i t h t he Lou i s i ana W i l d L i f e and F i she r i es
Commission, subsequently verified through pond breeding experiments that
the highest water salinity level in which channel catfish could reproduce
successfully was 1.8 parts per thousand, as Jaspers had predicted.
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Jaspers ' data on temperature to lerance was appl ied in turn by
fi s h e r i e s g r a d u a t e s t u d e n t C l e l l G u e s t . H e c r y o g e n i c a l l y m a i n t a i n e d
f r o z e n c a t fi s h s p e r m f o r m o r e t h a n a m o n t h , a n d n o t e d u p o n t h a w i n g t h a t
t h e y w e r e s t i l l a l i v e a n d a c t i v e — a s i g n t h a t t h e i r v i a b i l i t y h a d n o t
b e e n i m p a i r e d . H i s fi n d i n g s i n d i c a t e t h e f e a s i b i l i t y o f " s p e r m b a n k s "
f o r s e l e c t i v e fi s h b r e e d i n g p u r p o s e s a n d o f f e r p r o m i s e o f t h e s a m e
b e n e fi t s t o fi s h c u l t u r i s t s t h a t l i v e s t o c k b r e e d e r s h a v e r e a l i z e d t h r o u g h
a r t i fi c i a l i n s e m i n a t i o n p r o g r a m s f o r m a n y y e a r s .

Catfish Culture in Braokish Water Canals

Recogn i t i on o f Avau l t ' s success i n b rack i sh wa te r ca t fish cu l t u re
s o o n a t t r a c t e d i n t e r e s t i n i t s c o m m e r c i a l p o s s i b i l i t i e s . S e a G r a n t
r e s e a r c h e r A l v a H a r r i s , N i c h o l l s S t a t e U n i v e r s i t y , s e c u r e d c o o p e r a t i v e
assistance f rom the Louis iana Land and Explorat ion Company for catfish
demonstration projects in pipeline canals that criss-cross the company's
c o a s t a l l a n d h o l d i n g s .

D r. Ha r r i s ' fi r s t yea r e f f o r t s demons t ra ted an impor tan t max im :
t h a t r e s e a r c h fi n d i n g s , h o w e v e r v a l u a b l e , m u s t s t i l l b e t e s t e d i n
practice. The first season's crop, stocked in bulkheaded canal sections
a n d r a i s e d o n f e e d a l m o s t t o h a r v e s t a b l e s i z e , e s c a p e d o r f e l l v i c t i m t o
predators when hurricane tides overflowed the canal banks. This lesson
d ic ta ted use o f f l oa t ing cages the nex t season—more cos t l y, bu t se l f
adjusting to water level changes. However, under the crowded conditions
typical of caged systems, a parasitic infection destroyed almost one-
fourth of the stocks—and absence of parasit ism had been noted as a
potential advantage of brackish water catfish culture in Avault's
research. Hasty improvisation of an antibiotic treatment regimen
demonst ra ted that the in fec t ion cou ld be cont ro l led and enab led the
experiment to be continued til l harvest time in the fall.

The success of these pilot projects has attracted considerable
l o c a l i n t e r e s t : s o m u c h i n f a c t , t h a t 2 4 - h o u r s u r v e i l l a n c e b y a r e s i
den t care taker has been in i t ia ted to con t ro l poach ing f rom the vu lnerab le
floating cages. With the practical experience gained to date, Harris
feels that local people can use his findings to raise catfish success
fully in leased canals as soon as escalating feed prices stabilize at a
l e v e l t h a t w i l l a f f o r d t h e m a p r o fi t o p p o r t u n i t y.

Spell Them Crawfish

Catfish occupy a well—established niche in Louisiana's cultural and
economic picture—Arkansas, Mississippi, and Louisiana account for 80%
o f t h e n a t i o n ' s c o m m e r c i a l c a t fi s h p r o d u c t i o n , b u t m o s t a c t i v i t y i s
l oca ted i n t he i n l and flood p l a i n o f t he M iss i ss i pp i R i ve r. The seman
tical difficulty in categorizing this mainly freshwater fish with other
"marine" resources under Sea Grant's purview is a bugaboo that for years
discouraged catfish research in the National Marine Fisheries Service.
Logic dictated that Louisiana Sea Grant aquacultural efforts should
focus on an animal with demonstrated marketability, near-term economic
potential, a simple life history, tolerance to environmental conditions
of coastal Louisiana, and under-exploited research potential.
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The animal chosen for th is ro le was the lowly crawfish, a lso a
freshwater species but one that also thrives—and reproduces—in brackish
c o a s t a l w a t e r s .

For help in selecting research objectives James Avault turned to
t h e L o u i s i a n a C r a w fi s h G r o w e r s A s s o c i a t i o n . C i t e d f o r i m m e d i a t e a c t i o n
were p rob lems tha t a f fec t p rofi tab i l i t y o f pond g row ing opera t ions mos t
acutely: control of predatory fish, information on population dynamics,
and ma in tenance o f wa te r qua l i t y th rough u t i l i za t ion o f c rawfish p rocess
i n g w a s t e s .

Tests in crawfish rearing ponds at LSU's Ben Hur Farm establ ished
proper treatment levels to poison without harming juvenile crawfish.
Post larva l c rawfish s tocked a t ra tes o f 36,000 per acre produced h ighest
y i e l d s o f m a r k e t - s i z e d c r a w fi s h .

The gleam in a crawfish farmer's eye may just indicate he is
contemplating the profits he could reap from softshell crawfish sold for
f i sh ba i t—i f on ly he cou ld induce mo l t ing to ma in ta in adequa te supp l ies
for the market . "Sof t c raws" are in great demand by spor t fishermen,
with prices exceeding $10/pound live weight not uncommon. So Avault and
graduate student Jay Huner are studying the physiology of natural molting
in the hope that growers may eventual ly be able to st imulate th is process
a t w i l l , pe rhaps by man ipu la t i ng sa l i n i t y and wa te r ha rdness , o r i n t ro
ducing hormones and enzymes similar to those produced in the natural
m o l t i n g p r o c e s s .

P a t h o g e n s i n M a r i n e O r g a n i s m s

Looking to the future when disease control may be a problem in
c r o w d e d s h r i m p r e a r i n g p o n d s , D w a y n e K r u s e , p a r a s i t o l o g i s t a t N o r t h
w e s t e r n S t a t e U n i v e r s i t y , N a t c h i t o c h e s , i n v e s t i g a t e d m i c r o s p o r i d i o s i s .
S h r i m p fi s h e r m e n r e c o g n i z e t h e c o n d i t i o n p r o d u c e d b y t h i s e p i d e m i c
d i sease as " co t ton sh r imp . " A l t hough i t i s no t a se r i ous p rob lem in
w i l d s t o c k s , a n y d i s e a s e i s a p o t e n t i a l t h r e a t t o a n i m a l s s t r e s s e d i n
i n tens i ve cu l t u re sys tems . S tudy o f i n f ec ted an ima l s has con t r i bu ted
n e w i n f o r m a t i o n a b o u t t h i s c o n d i t i o n a n d r e v e a l e d i n f e c t i o n s b y t h r e e
o t h e r p a r a s i t e s , b u t e f f o r t s t o p r o d u c e i n f e c t e d a n i m a l s u n d e r e x p e r i
m e n t a l c o n d i t i o n s f o r l a b o r a t o r y s t u d y p u r p o s e s w e r e n o t s u c c e s s f u l .

E c o l o g y o f L o x o t h y l a c u s t e x a n u s w a s t h e s u b j e c t o f s t u d i e s b y
J a m e s R a g a n , N i c h o l l s S t a t e U n i v e r s i t y , T h i b o d a u x . T h i s i s a c o m m o n
p a r a s i t e t h a t i n f e c t s t h e b l u e c r a b a n d o t h e r s p e c i e s o f t h e G u l f a n d
A t l a n t i c r e g i o n s , i n h i b i t i n g m o l t i n g a n d s t u n t i n g g r o w t h . L i k e t h e
m i c r o s p o r i d i o s i s s t u d y , i n t e r e s t i n t h e i n f e c t i o n s t e m m e d f r o m i t s
potent ia l th reat to in tens ive ly managed sys tems, a l though Ragan 's
e v i d e n c e i n d i c a t e s m o d e r a t e l y h i g h r a t e s o f i n f e c t i o n i n n a t i v e s t o c k s .
C r a b s t a k e n f r o m w a t e r s o f d i f f e r i n g s a l i n i t y v a r i e d i n i n c i d e n c e o f
i n f e c t i o n ; v i r t u a l l y n o n e w a s d e t e c t e d i n c r a b s f r o m f r e s h a n d l o w -
s a l i n i t y w a t e r s . T h i s s u g g e s t s o n e r e a s o n w h y s u c h a r e a s a c c o u n t f o r a
m a j o r s h a r e o f c o m m e r c i a l c r a b p r o d u c t i o n , i n c o n t r a s t t o t h e l a r g e r
m o d e r a t e - t o - h i g h s a l i n i t y e s t u a r i e s . K n o w l e d g e a b o u t p a r a s i t i s m i n
c o m m e r c i a l l y i m p o r t a n t s p e c i e s a d d s a n o t h e r d i m e n s i o n t o e s t u a r i n e w a t e r
m a n a g e m e n t , a n d c o u l d e v e n t u a l l y p r o v e u s e f u l i n c r a b - f a r m i n g e f f o r t s .
T h e p a r a s i t e i t s e l f m a y a l s o b e u s e f u l a s a b i o l o g i c a l c o n t r o l i n
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fi s h e r i e s n u r s e r y g r o u n d s , w h e r e a d u l t - s i z e c r a b s a r e p o t e n t i a l l y t r o u b l e
s o m e p r e d a t o r s o f o t h e r s t o c k s .
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COASTAL ZONE PLANNING AND DEVELOPMENT

Environmental Analysis for Coastal Zone Planning

Hardly any place on earth remains unexplored. Even the most remote
and inaccessible corners have been probed by high-altitude cameras and
underwater soundings. Yet the earth's surface and its living populations
present dynamic patterns of change, coming more and more under scrutiny
as the need to conserve and develop every resource becomes increasingly
a c u t e .

Studying patterns of change in order to anticipate needed services,
controls, and remedial actions is the essence of the planning process as
carried out by public works officials and administrators at virtually
every governmental level. As competition among conflicting uses of
coastal areas and resources becomes more intense, planning and analysis
for future usage must become more comprehensive if socially equitable
r e s o u r c e a l l o c a t i o n s a r e t o r e s u l t .

Historical data to assess important environmental changes and to
study cause-and-effect relationships are rarely available in convenient
formats for planning because such uses were not anticipated in earlier
t imes. An in fo rmat ion base fo r coas ta l zone p lann ing shou ld inc lude a
collection of displays pieced together from many data sources to illus
trate significant aspects of regional development vis-a-vis the natural
environmental setting. The compiler's task is complicated by sparse
hydrologic and meteorological coverage; incomplete or inaccurate coverage
of mapped index properties; differences in map scales, resolution, and
sampling frequency; and incongruence between political boundaries used
for aggregating economic or demographic factors and natural boundaries
of functionally useful physical units. Desired answers must frequently
b e e x t r a c t e d f r o m s u r r o g a t e i n f o r m a t i o n .

Geographer Sherwood Gagliano and his associates sifted through data
from many sources to prepare a series of annotated map sheets that
i l l us t ra te key cu l tu ra l and env i ronmen ta l e lemen ts o f sou theas te rn
Lou is iana ' s es tua r ine we t land sys tems . The resu l t i ng Env i ronmen ta l
A t l a s a n d M u l t i - u s e M a n a g e m e n t P l a n f o r S o u t h - C e n t r a l L o u i s i a n a i s t h e
culminating product of a program entitled "Hydrologic and Geologic
S t u d i e s o f C o a s t a l L o u i s i a n a . " T h e w o r k w a s i n i t i a t e d f o r t h e U . S . C o r p s
of Engineers, New Orleans District, in 1969, and subsequently augmented
by Sea Grant support in order to extend the scope of geographic coverage
t o i n c l u d e t h e B a r a t a r i a B a s i n .

D a t a s o u r c e s i n c l u d e d fi l e s o f t h e U . S . C o r p s o f E n g i n e e r s ,
L o u i s i a n a W i l d L i f e a n d F i s h e r i e s C o m m i s s i o n , p u b l i s h e d m a p s a n d
l i t e r a t u r e , u n p u b l i s h e d t h e s e s a n d d i s s e r t a t i o n s , a e r i a l p h o t o g r a p h s ,
a n d p e r s o n a l c o n t a c t s w i t h i n d i v i d u a l s . A l t h o u g h fi e l d d a t a i n p u t w a s
limited, some information was developed by simulating key features of
reg iona l hydro log ic sys tems on a la rge d ig i ta l compute r. The uncer
ta in t ies inherent in maps der ived f rom model ca lcu lat ions based on
l im i ted i npu t da ta f rom w ide ly separa ted base s ta t i ons t yp i f y the



i n e x a c t c h a r a c t e r o f m e t h o d o l o g y a v a i l a b l e f o r r e g i o n a l p l a n n i n g
p u r p o s e s — a n d r e i n f o r c e t h e n e e d f o r e x p e r i e n c e d s c i e n t i f i c j u d g m e n t i n
f o r m u l a t i n g r e g i o n a l d e v e l o p m e n t s t r a t e g i e s a n d g o a l s .

The p lanner 's work is never done, because deve lopmenta l in i t ia t ives ,
s c i e n t i fi c u n d e r s t a n d i n g , a n d e n v i r o n m e n t a l s e n s i t i v i t y a d v a n c e r e l e n t
l e s s l y . G r a p h i c p r o d u c t s l i k e t h e e n v i r o n m e n t a l a t l a s a r e u s e f u l a s e n d
r e s u l t s o f r e s e a r c h b e c a u s e t h e y s u m m a r i z e p r e s e n t l y k n o w n f a c t s a n d
h y p o t h e s e s i n f o r m a t s t h a t c a n b e u s e d e f fi c i e n t l y b y I n t e r e s t e d l a y m e n ,
p r o f e s s i o n a l p l a n n e r s , a d m i n i s t r a t o r s , e d u c a t o r s , a n d o t h e r s c i e n t i s t s .
I n e f f e c t , s u c h g r a p h i c d i s p l a y s b r i d g e t h e g a p b e t w e e n t h e s c i e n t i fi c
r e s e a r c h e r a n d a d i v e r s e c o m m u n i t y o f i n f o r m a t i o n u s e r s — p e r h a p s m o r e
e f f e c t i v e l y t h a n a n y o t h e r m e d i a .

L o u i s i a n a S u p e r p o r t : P r o g r e s s i n g w i t h C a r e

In the beginning . . .

S e a G r a n t " h o m e w o r k " i n t h e s a l t m a r s h w a s p r o c e e d i n g n i c e l y w h e n
the Superport c lamor star ted in February 1972.

Overnight Louis iana was al ive wi th conjecture and debate on super-
ports: they would pour new life into the economy; they would solve the
energy crisis; they would destroy the wetlands; and so on. Needed in a
hurry were objective, factual studies on vulnerabil ity of wetland
environments; site feasibility and conceptual design; economic char
ac te r i s t i c s o f commod i t y flows ; and t he l ega l aspec t s o f cons t ruc t i on i n
and close by Louisiana's territorial seas. For answers, the select
superport committee appointed by Governor-Elect Edwin Edwards promptly
t u r n e d t o L S U ' s C e n t e r f o r W e t l a n d R e s o u r c e s , a l r e a d y m a n a g i n g a
spectrum of Sea Grant-funded research projects that anticipated just
s u c h a d e v e l o p m e n t .

Quick reaction within the schedule dictated by the task force was a
must; there could be no time during this initial organizational phase
for baseline field data-gathering or i ts scholarly contemplation.

Preliminary recommendations would need to incorporate the collec
tive knowledge and experience of Sea Grant's Systems Ecology team,
amassed during the three proceeding years, and the data synthesis capa
b i l i t i e s o f i t s C o a s t a l Z o n e P l a n n i n g a n d D e v e l o p m e n t t e a m .

Factors needing consideration were (a) stresses, ways that facility
construction, operations, and secondary developments affect natural
productivity and other unique characteristics of an area; (b) natural
constraints, such as unstable foundations and strong currents; and (c)
the advantages of one location over another.

Natural productivity and hydrologic setting of each environmental
management unit would require study to rank its suitability—or vulner
ability—to the planned development. A regional perspective, attained
through studies of the entire coastal zone, would reveal ways to mini
mize adverse impact on coastal ecosystems and even stem the tide of
we t l and de te r i o ra t i on th rough compensa t i ng d i ve rs ions o f nu t r i en ts ,
w a t e r a n d s e d i m e n t s f r o m t h e M i s s i s s i p p i .
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Sea Grant lawyers Marc Hershman and Gary Knight, with law student
A r m a n d M o e l l e r, J r . , s i f t e d t h r o u g h s t a t e , f e d e r a l , i n t e r n a t i o n a l , a n d
environmental laws to develop a plan for set t ing up the new superport
organization. Laws and organizational schemes affecting Louisiana's 36
e x i s t i n g p o r t a u t h o r i t i e s , a n d a s a m p l i n g o f p o r t d i s t r i c t s i n o t h e r
s t a t e s , g a v e a w e a l t h o f l e g a l a n d p o l i t i c a l i n s i g h t s . T h e a t t o r n e y s
c o n c l u d e d t h a t a n e w s t a t e a u t h o r i t y s h o u l d b e c r e a t e d b y s t a t u t e , t o
ho ld exc lus ive au thor i t y fo r superpor t deve lopment and opera t ion in
L o u i s i a n a .

A un ique, impor tant feature o f the i r recommendat ions was a t igh t ly
worded proposal for development of an envi ronmenta l protect ion p lan, to
be fol lowed step by step during each phase of port development. These
and other legal recommendat ions cover ing powers, organizat ion, and
env i ronmen ta l r espons ib i l i t i e s o f a Lou i s i ana supe rpo r t au tho r i t y we re
incorporated in the Deep Draft Harbor and Terminal Act of 1972 (La. R.S.
Ti t l e 34 , Chap . 35 ) .

S t ruc tu ra l eng ineers l ed by Char les Wh i tehu rs t , D iv i s ion o f
Eng inee r ing Research , rev iewed the des ign o f ex i s t i ng supe rpo r t f ac i l i t i es
a r o u n d t h e w o r l d . A v a r i e t y o f s t r u c t u r a l c o n fi g u r a t i o n s w e r e r e v i e w e d
a n d s u m m a r i z e d f o r s u i t a b i l i t y i n t e r m s o f l o c a l s i t e c o n s t r a i n t s a n d
e n v i r o n m e n t a l s t r e s s e s . S i n g l e - p o i n t m o o r i n g b u o y s w e r e f o u n d s u p e r i o r
f o r a n o i l a n d g a s h a n d l i n g f a c i l i t y, b u t l a t e r p h a s e s i n v o l v i n g t r a n s
sh ipment o f bu lk so l ids and l i qu ids w i l l ca l l f o r l a rge semi -submerged
p la t fo rms composed o f modu les an ac re i n ex ten t . A l te rna t i ve l y, l a rge
conc re te s to rage p la t f o rms ex tend ing t o t he ocean f l oo r—wi th su f f i c i en t
bear ing area to min imize s inkage or sh i f t ing and presumably ba l las ted to
o v e r c o m e a n y f l o a t i n g t e n d e n c y — c o u l d b e c o n s t r u c t e d .

D a v i d J o h n s o n o f t h e E c o n o m i c s D e p a r t m e n t t a c k l e d a n a n a l y s i s o f
e c o n o m i c f a c t o r s t h a t c o u l d a r g u e f o r - o r - a g a i n s t a L o u i s i a n a s u p e r p o r t .

B e y o n d t h e w e l l - d o c u m e n t e d e c o n o m i e s o f s c a l e w h i c h s u p e r s h i p s
a f f o r d , h e i d e n t i fi e d m a n y s o c i a l , p o l i t i c a l , a n d e c o n o m i c u n c e r t a i n t i e s
t h a t c o u l d c l o u d t h e l o n g - r u n e c o n o m i c p i c t u r e e v e n m o r e t h a n t e c h n o
l o g i c a l a d v a n c e s . C o m p e t i n g f a c i l i t i e s o n t h e G u l f a n d A t l a n t i c c o a s t s ,
i n c r e m e n t a l c h a n g e s i n E a s t C o a s t r e fi n i n g c a p a c i t y , s h o r t - r u n v s . l o n g -
r u n e n v i r o n m e n t a l c o s t s , f e d e r a l p o l i c y c o n c e r n i n g u s e r c h a r g e s f o r
i n l a n d w a t e r w a y s , a n d c h a n g e s i n t h e d i s c o u n t r a t e u s e d b y f e d e r a l
a g e n c i e s t o e v a l u a t e w a t e r r e s o u r c e p r o j e c t s , a l l w e r e f a c t o r s t h a t
c o u l d h a v e a m a t e r i a l i m p a c t o n s u p e r p o r t r e v e n u e s a n d u s a g e .

D e s p i t e s u c h u n c e r t a i n t i e s , J o h n s o n f o u n d p o w e r f u l a r g u m e n t s
f a v o r i n g t h e L o u i s i a n a p r o p o s a l . O f t o t a l w a t e r b o r n e c o m m o d i t y fl o w s
from the Central Gul f region (1970), 73 percent are outbound shipments,
d o m i n a t e d b y c r u d e o i l , p e t r o l e u m p r o d u c t s , a n d g r a i n — a l l a m e n a b l e t o
h a n d l i n g a b o a r d s u p e r s h i p s . F u r t h e r , t h e m a j o r i n b o u n d c a r g o e s a r e
m e t a l l i c a n d n o n - m e t a l l i c o r e s , a l s o s u i t a b l e f o r l a r g e c a r r i e r s . A
s t r a t e g i c a d v a n t a g e o f p o r t s i t e s n e a r t h e M i s s i s s i p p i R i v e r m o u t h s t e m s
f r o m t h e f a c t t h a t 7 8 p e r c e n t o f t o t a l o c e a n g o i n g v o l u m e f r o m t h e r e g i o n
b e t w e e n L a k e C h a r l e s , L o u i s i a n a , a n d M o b i l e , A l a b a m a , t r a v e l s o n t h e
M i s s i s s i p p i — m u c h o f i t c r u d e o i l a n d r e f i n e d p e t r o l e u m p r o d u c t s f r o m
L o u i s i a n a , d e s t i n e d f o r t h e e a s t c o a s t , a n d m i d w e s t e r n g r a i n f o r o v e r s e a s
e x p o r t .
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Hast i l y ga thered and necessar i l y ten ta t i ve find ings were summar ized
i n A S u p e r p o r t f o r L o u i s i a n a , p u b l i s h e d b y t h e S u p e r p o r t Ta s k F o r c e o n l y
f o u r m o n t h s a f t e r s t u d i e s b e g a n . A m o r e d e t a i l e d t e c h n i c a l r e p o r t
P r e l i m i n a r y R e c o m m e n d a t i o n s a n d D a t a A n a l y s i s f o l l o w e d i n A u g u s t 1 9 7 2 —
the firs t o f a ser ies o f Louis iana Superpor t Stud ies publ ished by LSU as
a comprehes ive h is to ry o f superpor t env i ronmenta l p ro tec t ion s tud ies .

Federal Interest: CEQ Study

In September, 1972, the federa l Counc i l fo r Env i ronmenta l Qua l i ty
reques ted a de ta i l ed p red ic t i ve s tudy o f env i ronmenta l impac t fo r
superports at two southeastern Louisiana offshore sites. Administered
as a grant modification through the National Sea Grant Program, the
study involved further extrapolation of data previously collected by
investigators in the Systems Ecology and Coastal Zone Planning and
D e v e l o p m e n t p r o g r a m s .

A project team directed by marine ecologist James Stone prepared.a
deta i led env i ronmenta l inven to ry o f we t land a reas in sou theas te rn
Lou i s i ana t ha t cou ld be a f f ec ted by ma jo r o i l sp i l l s a t t he hypo the t i ca l
port locations. Surface currents and oil spil ls in the Louisiana Bight,
roughly bounded by the Mississippi delta. Grand Isle, and the mouth of
Bayou Lafourche, were mathematically simulated to study dispersal
patterns for typical wind and hydrographic conditions.

The geometry and movement of an offshore spill depend on several
factors, including spi l l s ize and durat ion, wind direct ion, local t ides,
bathymetry, and dispersion period. Such models only approximate real
events, but they can reveal information about the expected range of
variabil ity that could be observed in nature only at great financial
expense. Conditions that drive a simulated spill inshore and impinge on
vulnerable coastal ecosystems are rated potentially hazardous in pro
por t ion to the i r s ta t is t ica l probabi l i t ies of occurrence.

Computer plots for simulated spills showed areas most likely to be
affected. From knowledge gained through previous Sea Grant studies of
the marsh ecosystem, researchers enumerated the most vulnerable species
and estimated the severity of damage from spills of varying intensities.
Information gaps were brought into better focus too. They include the
virtually unknown offshore spawning areas of major fishery species,
where delicate eggs and larvae could be damaged by even very small,
routine spills, if sufficiently frequent over an extended period.

Results of the CEQ study were published as Preliminary Assessments

Sta te Env i ronmenta l Pro tec t ion P lan

In rapid succession the Superport Task Force presented its recom
mendations to the people of Louisiana, the Legislature passed an act
creating the Deep Draft Harbor and Terminal Authority, commissioners
were appointed, and an Executive Director was named to head the new
a g e n c y .
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If the superport was to rapidly become a reality, work on the
Environmental Protection Plan, required by legislation, would have to
begin immediately. Louisiana State University's multidisciplinary team
of marine and wetlands specialists, cultivated under Sea Grant auspices,
and thoroughly versed in the superport's environmental aspects, was
r e a d y.

The Environmental Protection Plan means a written document,
prepared in conformity with this law, which shall be a
regulation of the Deep Draft Harbor and Terminal Authority
which estab l ishes those s teps to be fo l lowed to insure the
protection of the environment throughout all phases of the
Authority Development Program," (La. R.5.34:3102[3]).

Much preliminary information was gathered to support the need for
such a plan, but tasks yet remaining were specification of detailed data
requirements and format, the design of field data acquisition programs
to fill gaps in existing information, and a system to monitor environ
mental changes during construction and operation of the facility.

Researchers compiled a detailed inventory of every known physical
and biological factor that could affect, or be affected by, a superport.
Also included were pertinent socio-economic considerations, selected
r e c r e a t i o n a l f e a t u r e s , a n d u n i q u e e n v i r o n s .

Env i ronmenta l h is to r ies o f o ther o i l po r ts and te rmina ls served as
background for discussion of stresses that might occur in the Louisiana
s i t u a t i o n .

From this comprehensive background, detailed guidelines for site
selection, design, construction, and operations were recommended that
would minimize r isk of environmental damage. I f damage should occur
despite all precautions, the act stipulates that compensatory projects
are to be funded; to assure equitable compensation, two environmental
cost assessment techniques were proposed, and a variety of compensatory
prov is ions were analyzed.

Proposed activit ies that are potentially detrimental to the envir
onment must be reviewed by a great many public agencies, and coordination
o f e n v i r o n m e n t a l a f f a i r s h a s m u s h r o o m e d i n t o a m a j o r o c c u p a t i o n . To
insure that environmental safeguards implemented by the superport develop
ers would meet requirements of all other agencies having jurisdiction,
but not duplicate other statutory responsibilities. Sea Grant lawyers
analyzed the pertinent legal requirements of every public organization
known to hold such responsibi l i t ies. The lengthy l ist of international,
federal, state, and local instrumentalities thus compiled will serve as
a mailing list for the Environmental Protection Plan, to obtain review
and comment prior to its formal adoption by the authority. This task
was greatly expedited by comprehensive studies of 23 Louisiana agencies,
already on file from Sea Grant Legal Program staff work previously
incorporated in Louisiana Government and the Coastal Zone—1972,
annual report of the Louisiana Advisory Commission on Coastal and Marine
R e s o u r c e s .
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S t u d y r e s u l t s w e r e p a s s e d a l o n g t o l a w y e r s r e t a i n e d b y t h e A u t h o r i t y
f o r t r a n s l a t i o n i n t o p r o p e r " l e g a l e s e . " D u r i n g t h i s t r a n s l a t i o n p h a s e
t h e d r a f t d o c u m e n t w a s i n t e n s e l y r e v i e w e d a n d m o d i fi e d b y d i r e c t o r s o f
t h e D e e p D r a f t H a r b o r a n d Te r m i n a l A u t h o r i t y , W i l d L i f e a n d F i s h e r i e s
C o m m i s s i o n , a n d C e n t e r f o r W e t l a n d R e s o u r c e s a s m a n d a t e d b y t h e l e g i s
l a t u r e - T h e S u p e r p o r t E n v i r o n m e n t a l P r o t e c t i o n P l a n w a s p u b l i s h e d b y
the Author i ty and promulgated on January 26, 1974. The LSU sc ient ific
manuscr ipts were incorporated in Recommendat ions for the Environmental
Protect ion Plan, being publ ished as Reports 3 and 4 in the Louis iana
S u p e r p o r t S t u d i e s .

Louisiana Offshore Oil Port

A noteworthy aspect of Sea Grant*s role in Louisiana's superport
saga was the heavy reliance on scientific judgement and data gained
through earlier. Sea Grant-sponsored field work. The Systems Ecology
program—though often crit icized for lack of unequivocal, practical
objectives—was the backbone of that preparatory effort. But superport
r e s e a r c h e r s c o u l d n o t c o n t i n u e f o r e v e r e x t r a c t i n g n e w d e d u c t i o n s f r o m
existing data—indeed they welcomed the new opportunity that came in
early 1973 to extend earlier studies in the coastal salt marsh to other
e c o l o g i c a l s e t t i n g s f u r t h e r i n l a n d .

Lou is iana Offshore O i l Por t , Incorpora ted , a consor t ium o f ma jo r
oil companies that proposed to build Louisiana's superport, required a
d e t a i l e d e n v i r o n m e n t a l a s s e s s m e n t o f a l l t h e a r e a s t o b e a f f e c t e d b y
their proposed facilities. These would span a continuum of environ
m e n t s — f r o m o f f s h o r e w a t e r s i n t o t h e s a l t m a r s h , a n d t h e n c e t h r o u g h
brackish, intermediate, and fresh water marshes into the cypress-tupelo
swamps along the coastal basins' inner fringe.

Never before has there been such an opportunity to study so exten
sive a coastal ecosystem in its entirety—nor was there ever such
urgency to expedite the work. LOOP needed baseline information to
comply with the Authority's Environmental Protection Plan as a first
step toward facilities they wanted to be operational by 1976. LOOP
would even gamble on such a study, since the crucial federal superport
law was still being debated in committee. One year of measurements and
sampling activities began during the summer of 1973. A team headed by
Alva Harris, at Nicholls State University, handled offshore biological
sampling and water-quality measurements. William Wiseman and Stephen
Murray of LSU's Coastal Studies Institute monitored the offshore
currents, and a multidisciplinary team headed by James Gosselink, LSU's
Department of Marine Sciences, performed onshore environmental assess
ments. Almost every living resource of the area, from microorganisms to
birds and mammals, was inventoried on a seasonal basis, with accompanying
measurements o f water chemis t ry and qual i ty. Other in format ion was
developed on archeological sites, recreational use, and unique environs.

When complete in late 1974, the overall LOOP study, being managed
by Sea Grant Associate Director Ted Ford and monitored for LOOP by
Kenneth Ring, will represent a giant step towards a Louisiana superport.
Many will use the resulting documentation, to be edited and published as
a Sea Grant information product, as a model for similar undertakings.
In Louisiana the entire superport chapter will serve as a successful
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e x a m p l e o f u n i v e r s i t y - g o v e r n m e n t - i n d u s t r y c o o p e r a t i o n — w i t h S e a G r a n t a s
a m a j o r p a r t i c i p a n t .

C o a s t a l Z o n e P l a n n i n g a n d D e v e l o p m e n t P u b l i c a t i o n s

Gagl iano, S. M., Environmental at las and mult i -use management plan for
s o u t h - c e n t r a l L o u i s i a n a . L S U C e n t e r f o r W e t l a n d R e s o u r c e s , H y d r o -
l o g i c S t u d i e s o f c o a s t a l L o u i s i a n a , R e p t . 1 8 , V o l . 1 , 1 3 2 p p . ; V o l
2 , 2 2 p l a t e s , 1 9 7 3 .

G a g l i a n o , S . M . , a n d J . W. D a y, J r . , E n v i r o n m e n t a l a s p e c t s o f a s u p e r -
por t . In La. Superpor t Stud ies , Rept . 1 : Pre l iminary Recommen
dations and Data Analysis. LSU Center for Wetland Resources, Pub.
N o . L S U - S G - 7 2 - 0 3 , p . 2 8 1 - 3 1 7 , 1 9 7 2 .

, J. W. Day, Jr., and J. R. Van Lopik, Environmental aspects of
Louis iana "deep water port development. Soc. of Petro. Engrs. ,
Amer. I ns t , o f M in ing , Me ta l l u rg i ca l , and Pe t ro . Eng rs . , 20 pp . ,
1 9 7 2 .

Hershman, M. J . , and A. J . Moel ler, Jr. , Legal aspects of a superpor t
off Louisiana's coast. ^ La. Superport Studies, Rept. 1: Pre
liminary Recommendations and Data Analysis. LSU Center for Wetland
R e s o u r c e s , P u b . N o . L S U - S G - 7 2 - 0 3 , p . 11 - 1 4 6 , 1 9 7 2 .

J o h n s o n , D . B . , P r e l i m i n a r y e c o n o m i c c o n s i d e r a t i o n s o f a L o u i s i a n a S u p e r -
p o r t . I n L a . S u p e r p o r t S t u d i e s , R e p t . 1 : P r e l i m i n a r y R e c o m m e n
d a t i o n s a n d D a t a A n a l y s i s . L S U C e n t e r f o r W e t l a n d R e s o u r c e s , P u b .
N o . L S U - S G - 7 2 - 0 3 , p . 1 4 7 - 2 8 0 , 1 9 7 2 .

, S e l e c t e d d a t a o n c o m m e r c i a l fi s h e r i e s i n s u p e r p o r t r e g i o n . ^
L a . S u p e r p o r t S t u d i e s , R e p t . 3 : R e c o m m e n d a t i o n s f o r t h e E n v i r o n
m e n t a l P r o t e c t i o n P l a n . L S U C e n t e r f o r W e t l a n d R e s o u r c e s , P u b . N o .
L S U - S G - 7 3 - 0 3 , p . 9 0 - 1 6 6 , 1 9 7 3 .

, Se lec ted soc io -economic cons ide ra t ions . In La . Superpor t S tud ies ,
R e p t . 3 : R e c o m m e n d a t i o n s f o r t h e E n v i r o n m e n t a l P r o t e c t i o n P l a n .
LSU Center for Wetland Resources, Pub. No. LSU-SG-73-03, p. 59-89,
1 9 7 3 .

, Env i ronmenta l cost assessment , techn ique 1. In La. Superpor t
S t u d i e s , R e p t . 3 : R e c o m m e n d a t i o n s f o r t h e E n v i r o n m e n t a l P r o t e c t i o n
Plan. LSU Center for Wetland Resources, Pub. No. LSU-SG-73-03, p.
2 5 5 - 2 5 9 , 1 9 7 3 .

L o e s c h , H . C . , J . G . G o s s e l i n k , a n d J . W . D a y , B i o l o g i c a l f a c t o r s .
L a . S u p e r p o r t S t u d i e s , R e p t . 3 : R e c o m m e n d a t i o n s f o r t h e E n v i r o n
m e n t a l P r o t e c t i o n P l a n . L S U C e n t e r f o r W e t l a n d R e s o u r c e s , P u b . N o .
L S U - S G - 7 3 - 0 3 , p . 3 8 - 5 8 , 1 9 7 3 .

M u k h o p u d h y a y , S . , a n d D . S . M o d l i n , J r . , T h e s u p e r p o r t p r o b l e m . S t u d y
r e p o r t o n c o m m o d i t y fl o w s a l o n g t h e M i s s i s s i p p i R i v e r Va l l e y
c o r r i d o r . L S U D e p t . o f C i v i l E n g r . , O c t o b e r , 1 7 p p . , 1 9 7 3 .
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Pope, R. M., Selected aspects on recreational use and unique environs of
o f c o a s t a l L o u i s i a n a . L a . S u p e r p o r t S t u d i e s , R e p t . 3 : R e c o m m e n
d a t i o n s f o r t h e E n v i r o n m e n t a l P r o t e c t i o n P l a n . L S U C e n t e r f o r
Wetland Resources, Pub. No. LSU-SG-73-03, p. 174-187, 1973.

, Environmental cost assessment, technique 2. In La. Superport
Studies, Rept. 3: Recommendations for the Environmental Protection
Plan. LSU Center for Wetland Resources, Pub. No. LSU-SG-73-03, p.
2 6 0 - 2 6 5 , 1 9 7 3 .

Pruett, J. M., Air cushion vehicles in the offshore oil industry: A
feasibility study. LSU Center for Wetland Resources, Pub. No. LSU-
SG-72-04, 64 pp., 1973.

Stone, J. H., Summary of Recommendations. In La. Superport Studies
Rept. 1: Preliminary Recommendations and Data Analysis. LSU Center
for Wetland Resources, Pub. No. LSU-SG-72-03, p. 1-10, 1972.

Preliminary assessments of the environmental impact" of a super-
port on the southeastern coastal area of Louisiana. La. Superport
Studies, Rept. 3. LSU Center for Wetland Resources, Pub. No. LSU-
72-05, 346 pp., 1973.

and J. M. Robbins, Recommendations for the environmental plan.
La! Superport Studies, Rept. 3. LSU Center for Wetland Resources,
Pub. No. LSU-SG-73-03, 492 pp., 1973.

, and J. R. Van Lopik, Environmental planning for future port
development. Univ. of Wise. Press, 43 pp.» 1973.

Suhayda, J. N., N. A. Roques, and J. H. Stone, Drift predictions for
selected sites off southeastern coast of Louisiana. In La. Super-
port Studies, Rept. 4: Technical Appendices to Recommendations for
the Environmental Protection Plan. LSU Center for Wetland Resources,
Pub. No. LSU-SG-74-02, p. 149-227, 1974.

Whitehurst, C.A., W. T. Durbin, Jr., G. Matherne, and D. Modlin,
Selected engineering aspects of a superport. ^ La. Superport
Studies, Rept. 1: Preliminary Recommendations and Data Analysis.
LSU Center for Wetland resources. Pub. No. LSU-SG-72-03, p. 318-
4 1 9 , 1 9 7 2 .
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L A W A N D S O C I O - E C O N O M I C S

New techno logy and in fo rmat ion t rans fer a l l too o f ten fa i l because
they are not accompanied by corresponding changes in human attitudes and
soc ia l o rgan iza t ion . Unders tand ing and overcoming such bar r ie rs i s the
task o f Sea Grant lawyers , economis ts , and soc ia l sc ien t is ts .

P l a n n i n g a n d M a n a g e m e n t f o r L o u i s i a n a ' s C o a s t a l Z o n e

In 1971, a mi lestone in Louis iana mar ine affa i rs was passed wi th
the legislative act creating the Louisiana Advisory Commission on Coastal
and Marine Resources. Sea Grant lawyers Gary Knight and Marc Hershman
had ass i s ted s ta te l eg i s l a t i ve and admin i s t ra t i ve un i t s seek ing such
ac t i on s ince 1969 , and d ra f ted the l eg i s l a t i ve a r t i c l es upon reques t o f
the Jo in t Leg is la t i ve Commi t tee on Env i ronmenta l Qua l i t y. The ten -
member commission appointed by then-Governor McKeithen included Sea
Grant Program Director Jack Van Lopik and Alva Harris, principal investi
gator from Nicholls State University. Mr. Marc Hershman, Sea Grant law
researcher, was appo in ted execut ive d i rec to r fo r the body.

The commission's two-year l i fe spanned the period September 1971 -
August 1973. Dur ing that term almost every facet of the Louis iana Sea
Grant program cont r ibuted to the commiss ion 's de l iberat ions. Much Sea
G r a n t r e s e a r c h m a t e r i a l w a s i n c o r p o r a t e d i n t e x t s o f c o m m i s s i o n r e p o r t s
and by reference. Ass is tants in the Sea Grant legal program gained
va luab le governmenta l re la t ions exper ience by p rov id ing s ta f f suppor t to
c o m m i t t e e s o f t h e c o m m i s s i o n , a n d p r e p a r i n g a s a m p l e a c t t o i m p l e m e n t a
state coastal zone management program. This sample act, as Chapter 5 of
t h e c o m m i s s i o n ' s fi n a l r e p o r t , w a s s u b s e q u e n t l y i n t r o d u c e d f o r d i s c u s s i o n
b y a p p r o p r i a t e l e g i s l a t i v e c o m m i t t e e s .

T h e S e a G r a n t l e g a l t e a m p l a y e d a m a j o r r o l e i n s t a t e a n d p r i v a t e l y
f u n d e d e f f o r t s t o d e fi n e p r o b l e m s a s s o c i a t e d w i t h t h e e s t a b l i s h m e n t o f a
Lou is iana superpor t . Members researched federa l law affec t ing deep
w a t e r p o r t d e v e l o p m e n t a n d p r e p a r e d d r a f t l e g i s l a t i o n c r e a t i n g t h e s t a t e
superport authority; made substantial contributions to the authority's
env i ronmenta l p ro tec t ion p lan ; and p rov ided inpu t tha t inc luded ana lyses
a n d r e c o m m e n d e d c h a n g e s i n f e d e r a l b i l l s .

T h e b r o a d s c o p e o f S e a G r a n t l e g a l w o r k h a s a l s o i n c l u d e d p r e p a r a t i o n
o f ( a ) d r a f t a d m i n i s t r a t i v e r e g u l a t i o n s t o i m p l e m e n t t h e s t a t e ' s N a t u r a l
and Science Rivers Act , requested by Louis iana 's Wi ld L i fe and Fisher ies
C o m m i s s i o n ; ( b ) d r a f t o f a v i g o r o u s l y d e b a t e d s h r i m p l a w , r e q u e s t e d b y
the Louisiana Shrimper's Associat ion; (c) a memorandum on ownership of
w a t e r b o t t o m s i n L a k e P o n t c h a r t r a i n , r e q u e s t e d b y t h e S t a t e R e g i s t r a r o f
P u b l i c L a n d s a n d a d o p t e d a s a n o p i n i o n o f t h e L o u i s i a n a A t t o r n e y G e n e r a l ;
(d ) a reorgan iza t ion p lan fo r s ta te env i ronmenta l and na tu ra l resource
agencies, debated by the legis lature; and (e) three memoranda presented
t o t h e L o u i s i a n a C o n s t i t u t i o n a l C o n v e n t i o n ' 7 3 .
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L e g a l A s p e c t s o f O c e a n R e s o u r c e s L a w

In terna t iona l ocean po l icy, the 3^ Law-o f - the-Sea Conference, and
the i r e f fec ts on Louis iana 's fisher ies and mar i t ime commerce were major
r e s e a r c h i n t e r e s t s o f H . G a r y K n i g h t , S e a G r a n t L e g a l P r o g r a m C o o r d i n a t o r .
Mr. Kn ight 's serv ice wi th the Adv isory Commit tee to the In teragency Law-
o f - t h e - S e a Ta s k F o r c e h a s g i v e n L o u i s i a n a a n d t h e N a t i o n a l S e a G r a n t
Program a participant in the nation's highest policy body for these
i n t e r n a t i o n a l p r o c e e d i n g s .

H u m a n F a c t o r s i n W e t l a n d R e s o u r c e s D e v e l o p m e n t

Rural socio logist Alv in Bert rand analyzed the demographic compo
s i t i o n a n d a t t i t u d e s t o w a r d c o a s t a l m a n a g e m e n t t h a t c h a r a c t e r i z e L o u i s i a n a
coas ta l res iden ts . The s tudy was in i t i a ted because these fac to rs—more
than t echno logy o r sc i en t i f i c unde rs tand ing o f na tu ra l ecosys tems—wi l l
u l t imately determine the fate of Coastal Zone Management in Louis iana.
The fi r s t phase o f Be r t r and ' s t h ree - yea r s t udy h i gh l i gh ted impo r t an t .
d i f f e r e n c e s i n t h e s t a t e ' s c o a s t a l a n d n o n c o a s t a l p o p u l a t i o n s , t h e i r
natura l resource dependencies, and pro ject ions of fu ture demand for
m a r i n e - r e l a t e d r e c r e a t i o n a l a c t i v i t y .

M a r i n e E c o n o m i c s

An important measure of social impact is economic development; thus
an ini t ia l task of LSU economist Lamar Jones was compi lat ion of basel ine
data to assess the state 's economic dependency on i ts coastal resources.
Emphasized were biological resources and maritime transportation, natural
asse ts tha t mus t con t inue to sus ta in Lou is iana 's coas ta l popu la t ions
long after the rich mineral reserves are exhausted.

I n s t i t u t i o n a l r e l a t i o n s h i p s e s t a b l i s h e d t h r o u g h t h e s e s t u d i e s , l e d
to participation of Economics Department researchers in the previously
cited superport studies. These were notable as an example of university
participation in a major state development and a model of Sea Grant
i n v o l v e m e n t .

L a w a n d S o c i o - E c o n o m i c s P u b l i c a t i o n s

Hershman, M. J., Mariculture activities and dynamic water quality laws.
Proc. Third Annual Workshop, Wor ld Mar icul ture Soc. , p. 31-37,
1 9 7 2 .

, Federal Coastal Zone Management Legislation S. 3507.
^oc. Second Coastal Marsh and Estuary Management Symp., La. State
Un iv. , P. 307-316, 1973.

Jones, L. B., and G. R. Rice, An economic base study of coastal Louisiana.
LSU Center for Wetland Resources, Pub. No. LSU-SG-72-02, 142 pp.,
1 9 7 2 .

Knight, H. G., United States seabed policy: An appraisal. The Landman,
1 6 ( 4 ) : 2 2 , 1 9 7 1 .
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Kn igh t , H . G . , A cons t i t u t i on f o r t he oceans : Pane l s ta temen t . P roc .
P a c e n i n M a r i b u s I I , 4 4 9 o f d r a f t e d i t i o n , 1 9 7 1 .

, Non-ext ract ive uses o f the seabed. J . Mar ine Techn. Soc. ,
^3):18, 1972.

, The 1971 United States proposals on tbe breadth of the terri
t o r i a l sea and passage th rough in te rna t iona l s t ra i t s . Oregon Law
R e v. , 5 1 : 7 4 9 , 1 9 7 2 .

, International legal problems in the construction and operation
o f o f f s h o r e d e e p d r a f t p o r t f a c i l i t i e s . T. C l i n g a n a n d L .
A lexander (eds. ) . Hazards o f Mar i t ime Trans i t , 91 pp. , 1973.

, The deep seabed hard mineral resources act—A negative view.
San Diego Law Review, 10, p. 446, 1973.

, Impacts of some law of the sea proposals on Gulf and Caribbean
Ocean resources development, ^n Intern. Ocean Inst., Caribbean
Study Project Working Papers, Royal Univ. of Malta, 336 pp., 1973.

, and T. V. Jackson, Legal impediments to the use of interstate
agreements in coordinated fisher ies management programs: States in
the NMFS southeast region. Study performed for the Nat l . Mar.
F i s h e r i e s S e r v . , S e p t . , 1 9 7 3 .

Louisiana Advisory Commission on Coastal and Marine Resources, Louisiana
Wetlands Prospectus. Conclusions, recommendat ions and proposals of
t h e L o u i s i a n a A d v i s o r y C o m m i s s i o n o n C o a s t a l a n d M a r i n e R e s o u r c e s .
L S U L a w C e n t e r ( M . J . H e r s h m a n , L A C C M R E x e c . D i r. ) , S e p t . , 1 9 7 3 .

Pope , R . M . , Eva lua t i on o f rec rea t i ona l benefi ts acc ru ing to rec rea to rs
o n f e d e r a l w a t e r p r o j e c t s - A r e v i e w a r t i c l e . T h e A m e r . E c o n o m i s t ,
1 6 ( 2 ) : 2 4 2 9 , 1 9 7 2 .

, and J. G. Gosselink, A tool for land-management decisions
affec t ing t ida l marsh. Coasta l Zone Management , 1 (1) :65-73, 1973.

S m i t h , J . A . , I l l , C u r r e n t d e v e l o p m e n t s i n e n v i r o n m e n t a l l a w . J . L a .
B a r A s s o c . , M a r c h 1 9 7 3 .

, Coastal zone management and new environmental activism. J. ABA
Student Lawyer, 17(4), 1972.
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E D U C A T I O N A N D T R A I N I N G

I f t h e r i c h n a t u r a l p r o d u c t i v i t y o f L o u i s i a n a ' s c o a s t a l w e t l a n d s —
and unspoi led coastal ecosystems everywhere—is to be maintained in spi te
o f enc roach ing c i v i l i za t i on , t he d i ve rse resou rces and human ac t i v i t i es
t h a t i m p i n g e i n t h e s e r e g i o n s m u s t b e i n s t i t u t i o n a l i z e d . T h e p a r a l l e l
w i t h Amer i ca ' s no , 1 success s to ry—i t s l as t hund red yea rs o f ag r i cu l t u ra l
deve lopmen t—i l l u s t r a t es t he l ead ro l e t ha t educa t i on mus t t ake i n f u l l
d e v e l o p m e n t o f c o a s t a l a n d m a r i n e r e s o u r c e s .

The great extent of her coastal wetlands, her economic dependence on
t h e m , a n d t h e a c u t e n a t u r e o f r e s o u r c e c o n fl i c t s w i t h i n t h e m g i v e t h i s
spec ia l mean ing fo r Lou is iana . Ye t , i n con t ras t t o many o the r coas ta l
s t a t e s , L o u i s i a n a l a c k e d s t r o n g e d u c a t i o n a l p r o g r a m s i n o c e a n o g r a p h y o r
m a r i n e s c i e n c e o n w h i c h t o b u i l d a S e a G r a n t p r o g r a m — m u c h l e s s t r a i n
sc ient is ts and managers w i th the c reat ive ins ights needed to mobi l i ze
b a l a n c e d p r o g r a m s o f r e s o u r c e c o n s e r v a t i o n a n d d e v e l o p m e n t .

L a u n c h i n g s u c h a p r o g r a m h a d t o b e fi r s t - p r i o r i t y b u s i n e s s . A n
i m p o r t a n t s t e p t o w a r d i n s t i t u t i o n a l e x c e l l e n c e i n m a r i n e s t u d i e s w a s
taken with the creation of LSU's Department of Marine Sciences in 1968.
This department, p lanned and underwr i t ten by the fledgel ing Sea Grant
project, has provided a medium for academic involvement of research
s c i e n t i s t s f r o m t h e C o a s t a l S t u d i e s I n s t i t u t e a n d f a c u l t y f r o m o t h e r
d e p a r t m e n t s i n m u l t i d i s c i p l i n a r y g r a d u a t e p r o g r a m s e m p h a s i z i n g m a r i n e
t e c h n o l o g y a n d r e s o u r c e u t i l i z a t i o n .

T h e a d m i n i s t r a t i v e m e r g e r o f C o a s t a l S t u d i e s I n s t i t u t e , D e p a r t m e n t
o f M a r i n e S c i e n c e s , a n d t h e O f fi c e o f S e a G r a n t D e v e l o p m e n t i n t o t h e
C e n t e r f o r W e t l a n d R e s o u r c e s , i n O c t o b e r 1 9 7 0 , p r o v i d e d a d d i t i o n a l
v i s i b i l i t y f o r u n i v e r s i t y m a r i n e a n d w e t l a n d a f f a i r s a n d s t r o n g e r l i n k s
w i t h d i s c i p l i n e - b a s e d m a r i n e i n t e r e s t s o f o t h e r a c a d e m i c u n i t s .

P r o p o s e d M . S . a n d P h . D . d e g r e e p r o g r a m s w e r e a p p r o v e d b y t h e L o u i s i a n a
C o u n c i l o n H i g h e r E d u c a t i o n i n J a n u a r y 1 9 7 0 a n d m a r i n e s c i e n c e c o u r s e s
b e g a n t h a t s a m e y e a r . T h e fi r s t r e g u l a r c l a s s o f m a r i n e s c i e n c e s t u d e n t s
graduated in May and August , 1973, inc luding four M.S. and five Ph.D. 's .
Sea Grant 's preoccupat ion wi th coastal wet land ecosystems was reflected
i n t h e s e s c o n c e r n e d w i t h c h i t i n d e g r a d a t i o n , fi s h b i o m a s s , s h r i m p b i o m a s s ,
a n d c o m m u n i t y r e s p i r a t i o n .

D u r i n g t h e 1 9 7 1 - 1 9 7 3 g r a n t p e r i o d , a d v a n c e d d e g r e e s i n v o l v i n g m a r i n e
r e s e a r c h t o p i c s w e r e a w a r d e d b y t h e d e p a r t m e n t s o f F o o d S c i e n c e ( 1 0 ) ,
B iochemis t ry (1 ) , Bo tany (2 ) , Zoo logy (3 ) , Chemica l Eng ineer ing (2 ) ,
E x t e n s i o n E d u c a t i o n ( 1 ) , a n d t h e fi s h e r i e s s e c t i o n o f t h e S c h o o l o f
F o r e s t r y a n d W i l d l i f e M a n a g e m e n t ( 5 ) . M o s t r e s u l t e d f r o m w o r k o n S e a
G r a n t p r o j e c t s l e d b y p a r t i c i p a t i n g d e p a r t m e n t a l f a c u l t y . T h i s i n t e r
a c t i o n a m o n g s p e c i a l i s t s f r o m s e v e r a l d i s c i p l i n e s h a s c h a r a c t e r i z e d t h e
d e v e l o p m e n t o f m a r i n e s c i e n c e c o u r s e s a n d c u r r i c u l a a t L S U .

S e a G r a n t f u n d s a l s o s u p p o r t e d d e v e l o p m e n t o f n e w c o u r s e s i n o t h e r
d e p a r t m e n t s . I n F i s h e r i e s , J a m e s A v a u l t a n d F r a n k T r u e s d a l e i n i t i a t e d
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graduate courses on "Fisheries Hydrography," "Shellfisheries Biology,"
and "Maricul ture." Samuel Meyers developed Food Science graduate courses
on "Marine Food Resources" and "Food Microbiology and Toxicology."
Chemical Engineers Ralph Pike and Bert Wilkins introduced "Ecosystems
Analysis" and "Mathematical Analyses and Optimization of Natural Systems,"
based in part on their Sea Grant research background.

In the Law Center, H. Gary Knight, Campani le Char i t ies Professor of
Marine Law, has taught "Marine Resources Law" each year since 1969.
Marc Hershman teaches the popular Sea Grant-sponsored "Seminar on Coastal
Zone Management" which has attracted students from Law, Engineering,
Fisheries, Geography, Environmental Design, Marine Sciences—and even
heads of state and local government agencies. These law courses are
cross- l i s ted w i th mar ine sc iences. A l though Sea Grant funds cannot be
used to provide salary support for teaching, they, were vital in course
d e v e l o p m e n t .

Wi l l iam Patr ick, Sea Grant researcher in the Agronomy Department,
initiated a course in "Chemistry and Microbiology of Flooded Soils and
Sediments." In the College of Engineering, Charles Whitehurst spear
headed e f fo r t s t o es tab l i sh mar ine spec ia l t y op t i ons i n seve ra l eng in
eering fields; master's degree options in "Environmental Engineering"
and "Ocean Engineering" will be offered starting spring semester, 1974.

Greater c i t izen awareness of marine sciences is the goal of James
Schweitzer, Education Specialist in the Center for Wetland Resources.
High school General Science is usually taught from a land-based pers
pective, but presenting the same body of knowledge in a marine framework
has great appeal for youngsters and teachers alike. Dr. Schweitzer has
conducted several training institutes to equip science teachers for this
approach and similar workshops for high school students. Approximately
70 teachers have been t ra ined to use h is mater ia ls , which in turn are
being expanded and modified to ultimately become a complete eighth-grade
c o u r s e i n m a r i n e a n d w e t l a n d e c o l o g y.

Several hundred classroom teachers throughout the nat ion have
developed marine science courses. These represent an important fund of
knowledge and experience that can be shared. To facilitate the needed
dialog between teachers. Dr. Schweitzer prepared a Directory of Marine
Science Education listing more than 400 teachers interested in marine
s c i e n c e e d u c a t i o n .

As an outgrowth of the University's traditional concern for the
state's total educational program. Marine Science faculty developed
recommendations for the Louisiana Advisory Commission on Coastal and
Marine Resources concerning future marine instructional needs. Cited as
priority educational goals were inclusion of marine and coastal resource
subject matter in formal instruction as early as the eighth grade, and
acceleration of career education for marine-oriented technical workers,
including boat operators and marine craftsmen. Other needs are an
Offshore Marine Academy for maritime professional training, and a first-
class marine science teaching and research laboratory for use by per
s o n n e l o f a n y s t a t e u n i v e r s i t y .
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A D V I S O R Y S E R V I C E S

P u b l i c S e r v i c e — L e a d i n g t h e H o r s e

Everyone knows the old bromide about leading a horse to water.
Just about as trite is the metaphor describing universities as "well-
spr ings o f knowledge."

Bu t b r ing ing d iverse communi t ies o f in fo rmat ion users in to con tac t
w i th academic sub jec t mat te r spec ia l i s ts , o r he lp ing them to app ly
in format ion produced and arch ived by the un ivers i ty, remains an impor tant ,
i f s o m e t i m e s n e g l e c t e d , t a s k .

The National Sea Grant Program Act provides for measures to expedite
t h e a p p l i c a t i o n o f r e s e a r c h fi n d i n g s t h r o u g h s p e c i a l i z e d a d v i s o r y
serv ices . However, any p ragmat ic imp lementa t ion o f adv iso ry se rv ices i s
partly dependent on the audiences to be served, on established precedents,
and on ava i lab le fund ing . Deve lop ing op t ima l a r rangements fo r adv isory
services in Louisiana has been a major concern of Louisiana's Sea Grant
management team s ince the program rece ived ins t i tu t iona l grant s ta tus in
1 9 7 1 .

I n i t i a l r e s e a r c h e f f o r t s n a t u r a l l y b u i l t o n a v a i l a b l e u n i v e r s i t y -
based competence, and focused on the state's vast coastal wetlands. The
most urgent pragmat ic issues that sur faced were re lated to publ ic admin
i s t r a t i o n o f t h e s e v a s t a r e a s . I n s t i t u t i o n a l , r a t h e r t h a n i n t e r p e r s o n a l ,
a r r a n g e m e n t s w e r e b e s t s u i t e d f o r t r a n s l a t i o n o f s c i e n t i fi c f a c t s a n d
o p i n i o n s i n t o o f fi c i a l s t a t e m e n t s o f p u b l i c p o l i c y. C h a r a c t e r i s t i c
a c t i v i t i e s w e r e S e a G r a n t s u p p o r t o f t h e L o u i s i a n a A d v i s o r y C o m m i s s i o n
o n C o a s t a l a n d M a r i n e R e s o u r c e s ; w o r k f o r t h e L o u i s i a n a D e e p D r a f t
Harbor and Terminal Author i ty and U.S. Army Corps of Engineers; par t ic i
pat ion in forums such as the Coasta l States Organizat ion, Gul f States
Mar ine F isher ies Commiss ion, and Lou is iana Shr imper 's Assoc ia t ion. Such
contacts are typ ica l ly implemented by senior researchers and admin is
t r a t o r s , r a t h e r t h a n a d v i s o r y p e r s o n n e l .

Success in responding to needs of state government suggested simi lar
i n v o l v e m e n t w i t h t r a d e a n d i n d u s t r i a l a s s o c i a t i o n s . I f s p o k e s m e n f o r
i n d u s t r i a l g r o u p s c o u l d a r t i c u l a t e m a j o r t e c h n i c a l c o n c e r n s , u n i v e r s i t y
r e s e a r c h e r s c o u l d w o r k o n s o l u t i o n s , a n d t h u s a c h i e v e e c o n o m i e s o f
e f f o r t t h a t c o u l d n o t b e o b t a i n e d o n a c o m p a n y - b y - c o m p a n y b a s i s . S o
f a r , s u c c e s s w i t h t h i s a p p r o a c h h a s b e e n l a c k l u s t e r , d e s p i t e c o n t i n u i n g
e f f o r t s t o e l i c i t i n t e r e s t . I n d i v i d u a l c o m p a n i e s a r e u n d e r s t a n d a b l y
r e l u c t a n t t o c o o p e r a t e i n a n y a r e a w h e r e t h e y h o l d a c o m p e t i t i v e a d v a n t a g e ,
o r r e v e a l e x i s t e n c e o f t e c h n i c a l d e fi c i e n c i e s . E x c e p t i o n s a r e i n d u s t r y
wide prob lems created by governmenta l f ia t—e.g. , waste d ischarge
standards, packag ing and labe l ing s tandards, occupat iona l hea l th and
s a f e t y m e a s u r e s . I n t h e s e c i r c u m s t a n c e s , t h e u n i v e r s i t y o f t e n s e r v e s a s
a "m idd le g round , " he lp ing to find accomoda t i ons be tween o ffic ia l po l i cy
a n d e c o n o m i c f e a s i b i l i t y , i n a d d i t i o n t o c a r r y i n g o u t s p e c i a l i z e d r e s e a r c h
a s s i g n m e n t s .
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The person- to-person approach embodied in t rad i t iona l ex tens ion
ac t i v i t i es was no t ove r looked du r ing th i s pe r iod , bu t—because o f f und ing
l i m i t a t i o n s a n d i m m e d i a t e n e e d s — i t w a s n o t r a p i d l y d e v e l o p e d . R a t h e r ,
modest suppor t was prov ided for surveys to define the demographic cu l tura l
and socio-economic make-up of Louisiana fishermen, as a prelude to imple
m e n t i n g s u c c e s s f u l e x t e n s i o n s e r v i c e s .

A l though the fo l low ing paragraphs summar ize those ac t i v i t ies
explici t ly identified as advisory projects, the ful l measure of advisory
s e r v i c e m u s t t a k e i n t o a c c o u n t r e l a t e d r e s e a r c h o u t p u t a n d t h e p u b l i c
s e r v i c e a c t i v i t i e s c a r r i e d o u t i n f o r m a l l y b y i n d i v i d u a l r e s e a r c h e r s .

Gu l f Sea food Indus t r ies

Providing advisory assistance for seafood industries—along the
Gul f coast and nat ionwide—has long been an establ ished funct ion of the
LSU Food Science Department. Under the supervision of department head
Arthur Novak, these public service activit ies are closely integrated
with the department's instructional and research functions. Benefits
accrue to industry and departmental personnel alike: laboratory research
f a c i l i t i e s c a n b e u s e d t o e x p l o r e a v a r i e t y o f i n d u s t r i a l p r o b l e m s ;
i n d u s t r i a l f a c i l i t i e s c a n b e m a d e a v a i l a b l e f o r s c a l i n g - u p l a b o r a t o r y
processes; and graduate students can obtain valuable problem-solving
experience at on-site seafood processing plants and laboratories of
f e d e r a l a n d s t a t e a g e n c i e s .

Problems of the shellfish processing industry have been Novak's
special concern. He and his staff routinely provide information and
assistance to shellfish plants on maintenance of quality in products
during storage, handling, processing and shipping. The department has
developed a variety of rapid microbiological procedures suitable for in-
plant use, and these undergo constant review and improvement. Personnel
are always available to help with problems in plant sanitation, pre
vention of contamination, adulteration, decomposit ion control, labeling,
a n d p a c k a g i n g .

As federal standards for industrial affluent discharge have become
more restrictive, attention to by-product recovery and water treatment
have increased. Technology for improving the protein content of shrimp,
blue crab, and crawfish meals has gone hand-in-hand with economic
evaluation of new markets for these products, with direct benefits to
processors and the environment.

Cooperative arrangements with several processors have enabled
selected graduate students to serve internships in key quality control
spots. Student exposure to operational problems of industry, and
experience in solving them under faculty supervision, has been a highly
successful educational approach. Through such introductions, several
food science graduates have risen to prominence in various companies.

Federal agencies are advisory service recipients too. The depart
ment has assisted in interpretation and review of the Food and Drug
Administration's guidelines for good manufacturing practice (GMP s) for
the shrimp industry, and has conducted FOA-mandated workshops for
personnel who supervise seafood canning operations. Gulf shellfish are
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r o u t i n e l y m o n i t o r e d f o r p r e s e n c e o f h e a v y m e t a l s a n d o t h e r t o x i c s u b
s t a n c e s , i n c o o p e r a t i o n w i t h t h e U . S . F o o d a n d D r u g A d m i n i s t r a t i o n ,
P u b l i c H e a l t h S e r v i c e , a n d A t o m i c E n e r g y C o m m i s s i o n . T h e A r m e d F o r c e s
F o o d a n d C o n t a i n e r I n s t i t u t e h a s b e e n a r e g u l a r r e c i p i e n t o f a s s i s t a n c e
o n p a c k a g i n g a n d n u t r i t i o n a l l a b e l i n g p r o b l e m ^ .

L i a i s o n S e r v i c e s

In a recent address. National Sea Grant Program Director Bob Abel^
o b s e r v e d t h a t s i x m a j o r o r g a n i z a t i o n s e x i s t t o c o l l e c t i v e l y r e p r e s e n t
f a r m i n g i n t e r e s t s , w h i l e a f a r s m a l l e r n u m b e r o f fi s h e r m e n a n d p r o c e s s
o r s r e q u i r e a k a l e i d e s c o p i c a s s o r t m e n t o f m o r e t h a n 2 5 0 t o g e t t h e i r
p o i n t s a c r o s s . L o u i s i a n a ' s s h r i m p fi s h e r m e n a l o n e a r e s p l i n t e r e d i n t o
a t l e a s t fi v e g r o u p s , n o t w o o f w h i c h a r e a p t t o a g r e e o n a c o m m o n
p o l i c y o r c o u r s e o f a c t i o n .

I n t h e f a c e o f s u c h f o r m i d a b l e c l a s h e s o f i n t e r e s t , m a n a g e m e n t o f
p u b l i c fi s h e r i e s i s a c h a l l e n g i n g a n d d e l i c a t e t a s k , e n t r u s t e d t o t h e
L o u i s i a n a W i l d L i f e a n d F i s h e r i e s C o m m i s s i o n .

Ted Ford occupied the commission's "hot seat" for many years,
before jo in ing the Louis iana Sea Grant program as Associate Di rector in
1970 . Unders tand ing the d i ve rse v iews o f peop le in the fisher ies , and
r e c o n c i l i n g t h e i r l e g i t i m a t e s e l f - i n t e r e s t s w i t h b i o l o g i c a l l y s o u n d
management pract ices—and state law—is an ar t which he can effect ive ly
u t i l i ze i n h i s p resen t j ob . Now, i ns tead o f med ia t i ng a rgumen ts . Fo rd
d e v o t e s h i s e n e r g i e s t o c o o r d i n a t i n g S e a G r a n t c a p a b i l i t i e s w i t h t h e
p r i o r i t y n e e d s o f s t a t e a g e n c i e s a n d c o m m e r c i a l i n t e r e s t s .

Louisiana's menhaden fishery has been one of Ford's particular
i n t e r e s t s . T h i s i n d u s t r y a c c o u n t s f o r a l i o n ' s s h a r e o f t h e i n d u s t r i a l
fish landed in Lou is iana, bu t the process ing p lan ts where the ca tch is
rendered have been especia l ly vulnerable to charges of envi ronmental
po l lu t ion . Meet ing w i th spokesmen fo r companies tha t opera te in the
state. Ford ass is ted in organiz ing the Menhaden Advisory Counci l o f
L o u i s i a n a , t o c o l l e c t i v e l y a t t a c k t h e i r m u t u a l p r o b l e m s . T h r o u g h t h e
counci l , matching funds were channeled to researchers Ralph Pike,
Chemical Engineering, and Ramachandra Rao, Food Sciences, for work on
po l lu t ion aba tement and by -p roduc t u t i l i za t ion in the menhaden indus t ry.

As a t rus ted spokesman fo r Lou is iana 's fishery i n te res ts . Fo rd cha i rs
t h e Te c h n i c a l C o o r d i n a t i n g C o m m i t t e e o f G u l f S t a t e s M a r i n e F i s h e r i e s
Commiss ion, which helps coord inate technica l and admin is t ra t ive problems
of indus t ry in the nor thern Gu l f . In 1973 , he was appo in ted to the
Marine Fisheries Advisory Committee (MAFAC) which advises the Secretary
of Commerce, and presently heads a subcommittee responsible for review
o f t h e N a t i o n a l F i s h e r i e s P l a n .

S i n c e s p e c i a l l e g i s l a t i v e a p p r o p r i a t i o n s w e r e m a d e f o r S e a G r a n t
match ing purposes in 1971 and 1973, assur ing techn ica l accountab i l i ty to

^ Abel, Robert B.; address to Gulf States Marine Fisheries Commission,
B i l o x i , M i s s i s s i p p i , O c t o b e r 1 8 , 1 9 7 4 .
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m e m b e r s o f t h e l e g i s l a t i v e i s a n i m p o r t a n t f u n c t i o n . W i t h h i s l o n g
experience in marine resources management, broad overview of state,
regional, and national fisheries problems, and associated parliamentary
ski l ls. Ford has been highly effective in this l iaison role.

E x t e n s i o n S e r v i c e

Louisiana may yet have a marine extension service.

Although funding emphasis was given to environmental studies urgently
needed as input to coastal zone planning and superport development—
instead of mar ine extension serv ices—an extension planning phase was
i n i t i a t e d i n 1 9 7 1 .

Directed by Lynn Pesson, then Cooperative Extension Service training
specialist, field agents in every coastal parish conducted detailed
interv iews wi th 500 commerc ia l fishermen. For many agents , th is was
their first professional contact with fishermen; others had some previous
experience with fishermen's families through 4—H activities and other
community programs. The resulting profile of Louisiana fishermen in
cluded demographic characteristics, attitudes, practices and responsiveness
to change; results differed significantly from audiences previously
served by the Cooperative Extension Service. Useful insights concerning
staff needs and organization for extension work with fishermen were
obtained, but most valuable was the first-hand contact by field agents
with a "forgotten" segment of Louisiana society.

Field agent services will get underway in 1974, with an agent based
in Houma serving fishermen in Terrebonne, Lafourche and St. Mary parishes.

Legal Advisory Services

The mainstay of Louisiana Sea Grant's legal advisory service project
is a newsletter, "Louisiana Coastal Law." Published bimonthly since
September 1971, the newsletter is sent to more than 3000 individuals and
organizations in 28 coastal states and 7 foreign countries.

LCL was instituted as a medium for interpretive reporting of state
legislative and administrative developments in coastal zone and environ
mental affairs. Information was drawn from case studies performed by
the Sea Grant legal research staff for state agencies, water districts,
and other public administrative units; presentations to the Advisory
Commission on Coastal and Marine Resources; and activities in the
private sector that involved significant questions of environmental law.

The publication's scope broadened to include national and inter
national developments as federal interest in coastal zone management and
Law of the Sea grew. Analyses of federal legislation, prepared by
Editor Marc Hershman for the Coastal States Organization, proved just as
useful for the varied LCL audience, which includes government officials,
landowners, environmentalists, and educators, along with spokesmen for
fisheries, transportat ion, and energy industr ies.

The LCL staff functions as an information center and clearing
house, responding to a limited number of individual requests for
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information relating to marine resources and environmental law. Advocacy
positions are not taken and activities that might be continued as practic
i n g l a w a r e a v o i d e d .

'Publications and Information Dissemination

Sea Gran t commun ica t i ons i sn ' t you r t yp i ca l un i ve rs i t y i n fo rma t ion
program. For one thing, nobody—but nobody—has such a mixed bag of
challenges. Our lucky people, in the course of a day's work, may have
o p p o r t u n i t i e s t o :

t o u r a fi s h f a r m p h o t o g r a p h a n o f f s h o r e
s t r u c t u r e g e t s e a s i c k i n t e r v i e w a t u r
t l e f a r m e r e d i t a t e c h n i c a l m a n u s c r i p t
composeaspeech wr i teanewslet ter lay
o u t a c a r e e r b r o c h u r e g e t c h e w e d o u t b y t
h e Wa s h . o f fi c e ( l a t e a n n u a l r e p o r t ) m a i
l a h u n d r e d p o u n d s o f b o o k s a r r a n g e a w o r k
s h o p s e n d a k i d a l l w e k n o w a b o u t o c e a n o g r
aphy(by tuesday) run to thepr in tshop p
a r r y a c o p y m a c h i n e s a l e s m a n r a p w i t h a c o
n g r e s s m a n p o p u l a r i z e l i p i d s t r a i n a s t
u d e n t w o r k e r s e r v e c o f f e e r e w r i t e a f e
a t u r e s t o r y g l a m o r i z e p h o t o s y n t h e s i s
c o v e r a l a t e b r e a k i n g s t o r y o n a s i t e v i s i t
l i c k l a b e l s t y p e i n v o i c e s o p e n m a i l d e
s igna logo wr i teaproposa l movetheoff
i c e t a c t f u l l y d e c l i n e a d e a d s t u r g e o n r
u s h t o t h e p o s t o f fi c e i m m o r t a l i z e fi s h
b a i t p r o o f r e a d a t h e s i s m a i n t a i n p u b l i
c a t i o n s t a t i s t i c s p o s e w i t h a w h i t e e y e d
c r a w fi s h s k i p l u n c h t o u r a s e w a g e l a g o o
n c a t c h r e d b u g b i t e s i n a r o s e e a u c a n e p a t
c h a n d K E E P S M I L I N G
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S e a G r a n t P r o g r a m P u b l i c a t i o n s

T e c h n i c a l R e p o r t s

L S U - S G - 7 2 - 0 1 THE BLUE CRAB FISHERY, BARATARIA BAY. Eugene
J a w o r s k i .

L S U - S G - 7 2 - 0 2 A N E C O N O M I C B A S E S T U D Y O F C O A S T A L L O U I S I A N A . L . B .
J o n e s a n d G . R . R i c e .

L S U - S G - 7 2 - 0 3 R E P O RT 1 , L O U I S I A N A S U P E R P O RT S T U D I E S : P R E L I M I N A RY
R E C O M M E N D AT I O N S A N D D ATA A N A LY S I S . J . H . S t o n e ,
M . J . H e r s h m a n , H . G . K n i g h t , A . J . M o e l l e r , J r . ,
D . B . J o h n s o n , S . M . G a g l i a n o , J . W. D a y, J r . , C . A .
W h i t e h u r s t , W . T. D u r b i n , J r . , G r e g M a t h e r n e , D a v i d
M o d l i n .

L S U - S G - 7 2 - 0 4 C O M M U N I T Y S T R U C T U R E A N D C A R B O N B U D G E T O F A S A L T
M A R S H A N D S H A L L O W B A Y E S T U A R I N E S Y S T E M I N L O U I S I A N A .

J . W. D a y, J r . , W. G . S m i t h , P. R . W a g n e r , W. C .
S t o w e .

L S U - S G - 7 2 - 0 5 R E P O R T 2 , L O U I S I A N A S U P E R P O R T S T U D I E S : P R E L I M I N A R Y
A S S E S S M E N T S O F T H E E N V I R O N M E N T A L I M P A C T O F A S U P E R -

PORT ON THE SOUTHEASTERN COASTAL AREA OF LOUISIANA.
J . H . S t o n e .

L S U - S G - 7 2 - 0 6 C I R C U L A T I O N A N D S A L I N I T Y D I S T R I B U T I O N I N A I 4 A R S H
SYSTEM OF COASTAL LOUISIANA. B. J . K jer fve.

L S U - S G - 7 3 - 0 1 T H E M I C R O B I A L D E G R A D A T I O N O F O I L P O L L U T A N T S . D . G .
A h e a r n , S . P. M e y e r s .

LSU-SG-73-02 AN ANNOTATED KEY TO CRABS AND LOBSTERS (DECAPODA,
REPTANTIA) FROM COASTAL WATERS OF THE NORTHVJESTERN
G U L F O F M E X I C O . D . L . F e l d e r .

LSU-SG-73-03 REPORT 3 , LOUISIANA SUPERPORT STUDIES: RECOMMENDATIONS
F O R T H E E N V I R O N M E N TA L P R O T E C T I O N P L A N . J . H . S t o n e ,
M i c h a e l R o b b i n s .

L S U - S G - 7 3 - 0 4 A I R C U S H I O N V E H I C L E S I N T H E O F F S H O R E O I L I N D U S T R Y :
A F E A S I B I L I T Y S T U D Y . J . M . P r u e t t .

L S U - S G - 7 3 - 0 5 1 9 7 3 D I R E C T O R Y O F M A R I N E S C I E N C E E D U C A T I O N . J . P .
S c h w e i t z e r .

N e w s l e t t e r s a n d P a m p h l e t s

L O U I S I A N A M A R I N E S C E N E . C o m p i l a t i o n o f n e w s p a p e r c l i p p i n g s s e n t t o s o m e
4 0 0 L o u i s i a n a t e a c h e r s o n h a p p e n i n g s i n t h e m a r i n e
w o r l d . B i m o n t h l y .
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M A R I N E S C I E N C E T E A C H I N G A I D . M a r i n e - r e l a t e d c o n c e p t s t h a t c a n b e t a u g h t
i n t y p i c a l h i g h s c h o o l s c i e n c e c l a s s e s . I n c l u d e s
b a c k g r o u n d m a t e r i a l a n d s u g g e s t e d a c t i v i t i e s . F o u r
t o s i x i s s u e s p e r y e a r , f o r t e a c h e r s .

A Q U A N O T E S . P r i m a r i l y f o r r e s i d e n t s o f L o u i s i a n a , o r t h o s e i n t e r e s t e d
i n L o u i s i a n a . R a n g e s i n s u b j e c t m a t t e r f r o m r e s e a r c h
p r o j e c t s t o j u s t - f o r - f u n r e a d i n g w i t h a n i n f o r m a t i v e
s l a n t . A l w a y s r e l a t e s t o L o u i s i a n a w e t l a n d r e s o u r c e s
B i m o n t h l y .

LOUISIANA COASTAL LAW. Deals with state and federal legal developments
on coasta l and mar ine law and a f fa i rs . Pr imary focus
o n L o u i s i a n a . B i m o n t h l y .
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S E A G R A N T P R O G R A M E X P E N D I T U R E S

1 9 7 1 - 7 2
N C A A

F u n d s

1 9 7 1 - 7 2 1 9 7 2 - 7 3 1 9 7 2 - 7 3
M a t c h i n g N C A A M a t c h i n g

F u n d s F u n d s F u n d s

M a r i n e R e s o u r c e s D e v e l o p m e n t

A q u a c u l t u r e 5 1 , 9 7 2
L i v i n g R e s o u r c e s O t h e r

t h a n A q u a c u l t u r e 3 4 , 5 5 6
M a r i n e L a w a n d S o c i o -

E c o n o r a i c s 6 4 , 9 0 4

7 4 , 2 8 8 7 4 , 3 5 2 6 2 , 4 4 5

3 0 , 7 4 3 6 7 , 7 7 5 3 3 , 3 0 0

4 5 , 1 8 0 8 3 , 7 9 6 8 0 , 5 0 9

M a r i n e Te c h n o l o g y R e s e a r c h a n d D e v e l o p m e n t

R e s o u r c e s R e c o v e r y
a n d U t i l i z a t i o n

T r a n s p o r t a t i o n S y s t e m s

M a r i n e E n v i r o n m e n t a l R e s e a r c h

2 8 , 9 7 7
6 , 7 2 5

3 2 , 1 0 0
1 6 , 3 4 0

3 1 , 4 7 1
1 5 , 4 0 6

1 8 , 7 3 4

C o a s t a l Z o n e M a n a g e m e n t 2 7 , 5 9 1
E c o s y s t e m s R e s e a r c h 1 7 4 , 4 0 3
P o l l u t i o n S t u d i e s
E n v i r o n m e n t a l M o d e l s 3 9 , 7 1 8

4 4 , 1 5 0
1 4 7 , 7 0 0

2 4 , 1 7 0

3 4 , 7 7 5
11 7 , 4 5 7

3 4 , 6 5 0
4 7 , 5 3 3

3 0 , 4 3 9
3 3 , 9 8 8
1 5 , 4 0 1
2 1 , 7 3 4

M a r i n e E d u c a t i o n a n d T r a i n i n g

C o l l e g e L e v e l 5 0 , 1 3 6

A d v i s o r y S e r v i c e s

8 0 , 5 8 0 2 7 , 0 1 7 4 5 , 4 0 9

E x t e n s i o n P r o g r a m s 9 , 9 7 0
O t h e r A d v i s o r y S e r v i c e s 5 8 , 8 3 3

8 , 7 4 0
3 5 , 3 2 3

11 , 2 3 6
8 4 , 6 2 4

3 0 , 7 2 0
5 9 , 0 6 1

P r o g r a m A d m i n i s t r a t i o n a n d D e v e l o p m e n t

P r o g r a m A d m i n i s t r a t i o n
Prog ram Deve lopmen t

6 8 , 6 9 4 6 9 , 4 6 0 1 6 3 , 3 0 8 6 8 , 0 7 7
5 , 7 3 0 — —

$ 6 1 4 , 4 6 4 $ 7 9 3 , 4 0 0 $ 4 9 9 , 8 1 7
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LOUISIANA SEA GRANT PROJECT STATUS

SYSTEMS ECOLOGY 7 1 - 7 2 7 2 - 7 3

E x p e r i m e n t a l E c o l o g y
G o s s e l i n k , S m i t h , H o , M e y e r s , A l l e n , L o e s c h ,
B e n n e t t , P a t r i c k . . C - S

E s t u a r i n e P r o d u c t i v i t y
G o s s e l i n k , D a y , H o , S m i t h , P a t r i c k • • S - C

G r o w t h a n d P h y s i o l o g y o f M a r i n e O r g a n i s m s
M e y e r s , A l l e n , H o , S r i n a v a s a n , M e i e r • • S - C

C r u s t a c e a n s a n d F i s h e s o f C a m i n a d a P a s s

T r u e s d a l e . . C - S

M i g r a t i o n a n d D i s t r i b u t i o n o f F i s h e r y R e s o u r c e s
T r u e s d a l e , L o e s c h , B e n n e t t • • S - C

M a t h e m a t i c a l E c o l o g y
P i k e , W i l k i n s . . C - S

S y n t h e s i s : M o d e l s a n d S i m u l a t i o n
P i k e , W i l k i n s , D a y , G o s s e l i n k , S m i t h • • S - C

S y s t e m s A n a l y s i s
P i k e , W i l k i n s . . N - T

W A S T E E F F E C T S

E n r i c h m e n t o f M a r s h H a b i t a t s

S m i t h , D a y . . N

G e o c h e m i s t r y o f C a d m i u m i n a S a l t M a r s h E c o s y s t e m
F e r f e l l • • N

F I S H E R I E S A N D S E A F O O D I N D U S T R I E S

D e v e l o p m e n t o f G u l f F i s h e r i e s P r o d u c t s
N o v a k , G r o d n e r , M e y e r s , L i u z z o , H o s k i n s , R a o ,

. . C C

N u t r i t i o n o f P e n a e i d S h r i m p a n d I n v e r t e b r a t e
R a t i o n s D e v e l o p m e n t

M e y e r s . . C C

M e n h a d e n B y - P r o d u c t D e v e l o p m e n t a n d P o l l u t i o n
C o n t r o l

. . N

C u l t u r e o f F i n fi s h a n d C r u s t a c e a n s
1o

F i n fi s h C u l t u r e
A v a u l t . S - T

C r u s t a c e a n C u l t u r e
A v a u l t . . S - C

M i c r o s p o r i d i o s i s i n C o m m e r c i a l S h r i m p
K r u s e . . T

A q u a c u l t u r e a n d R e s o u r c e U t i l i z a t i o n i n
P i p e l i n e C a n a l s

H a r r i s , K i l g e n . . N c

L o x o t h y l a c u s Te x a n u s i n t h e B l u e C r a b
. . . N c
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C O A S T A L Z O N E P L A N N I N G A N D D E V E L O P M E N T 7 1 - 7 2 7 2 - 7 3

E n v i r o n m e n t a l A n a l y s i s f o r C o a s t a l Z o n e P l a n n i n g
G a g l i a n o , S h l e m o n , v a n B e e k • • C

U r b a n E n c r o a c h m e n t i n t h e N e w O r l e a n s A r e a
• • N - T

L o u i s i a n a S u p e r p o r t F e a s i b i l i t y S t u d i e s
S t o n e , J o h n s o n , G a g l i a n o , W h i t e h u r s t . • • N

L A W A N D S O C I O - E C O N O M I C S

Planning and Management in Louisiana's Coastal Zone
H e r s h m a n , K n i g h t . . C C

L e g a l A s p e c t s o f O c e a n R e s o u r c e s E x p l o i t a t i o n
K n i g h t . . C C

E c o n o m i c B a s e S t u d y o f C o a s t a l L o u i s i a n a
J o n e s , R i c e • • R - T

E c o n o m i c S t u d y o f L o u i s i a n a C o a s t a l R e s o u r c e s
J o h n s o n , J o n e s , R i c e • • R - T

H u m a n F a c t o r s i n We t l a n d R e s o u r c e s D e v e l o p m e n t
B e r t r a n d • • N

E D U C A T I O N A N D T R A I N I N G

M a r i n e S c i e n c e s
Va n L o p i k , S c h w e i t z e r . . C C

M a r i n e R e s o u r c e s L a w

K n i g h t . . T

F i s h e r i e s a n d A q u a c u l t u r e
T r u e s d a l e . . N - T

C o a s t a l a n d E s t u a r i n e E n g i n e e r i n g
W h i t e h u r s t . . C - S

T r a n s p o r t a t i o n E n g i n e e r i n g i n t h e C o a s t a l Z o n e
W h i t e h u r s t , Y a n n i t e l l , M o d l i n • • S - T

A D V I S O R Y S E R V I C E S

P u b l i c a t i o n s a n d I n f o r m a t i o n D i s s e m i n a t i o n . . N C

E x t e n s i o n N e e d s f o r W i l d l i f e a n d F i s h e r i e s
P r o d u c t i o n . . N C

L i a i s o n S e r v i c e s f o r W i l d l i f e a n d F i s h e r i e s
I n t e r e s t s . . C C

A d v i s o r y S e r v i c e s t o G u l f S e a f o o d I n d u s t r i e s . . C C

L e g a l A d v i s o r y S e r v i c e s • • N

M A N A G E M E N T A N D D E V E L O P M E N T

P r o g r a m A d m i n i s t r a t i o n . . c C

F i e l d L o g i s t i c S u p p o r t • • N

N = New Pro jec t
S = S p l i t P r o j e c t
C = C o n t i n u i n g P r o j e c t
R = R e d i r e c t e d P r o j e c t
T = T e r m i n a t e d P r o j e c t 5 3


