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ABSTRACT: I e x a m i n e d  four  hypo theses  about  causes  for  the  dramatically h igh  coastal wetland losses (0.86% yr t) in 
the  no r the rn  Gul f  o f  Mexico: an  extensive d redged  canal and  spoil bank network, a decline in s ed imen t s  in the  Mississippi 
River dur ing  the  1950s, Mississippi River navigation and  flood pro tec t ion  levees, and  salinity changes.  Natural  factors  
contr ibut ing to these  habitat  changes  include eustat ic sea-level rise and  geological compact ion ,  which appear  to have 
r ema ined  relatively cons tan t  this century,  a l though variation does  occur. These  four  hypotheses  were tes ted us ing  data  
on land-to-water changes  in  15-rain quadrangle  m a p s  inventor ied  for  f ou r  intervals  be tween the 1930s and  1990. Land  
loss rates  were directly propor t iona l  to changes  in wetland hydrology in t ime and  space.  A l inear regress ion o f  the direct  
losses due  to d redg ing  versus  the losses due  to all o the r  factors  (indirect losses) had  a zero in tercept  and  a s lope that 
increased with t ime. T h e  ratio indirect:direct  land loss was h ighes t  neares t  the es tuar ine  entrance.  The  coastwide pa t te rns  
o f  land loss do no t  appear  to be  a f fec ted  by riverine sed imen t  reduc t ions  over  the  last 60 yr. The  effects  o f  changes  in 
wet land hydrology f r o m  dredg ing  h u m a n - m a d e  channe l s  and  fo rming  d r edged  spoll  banks  appea r  to be  the  m o s t  effi- 
cacious hypothes i s  expla in ing these  dramat ic  losses.  The  effects  o f  extensive  h u m a n - i n d u c e d  changes  on this coast  have 
apparent ly  ove rwhe lmed  the causal  l inkages identif ied in the historical re-construct ionis t  view of  deltaic gain and  loss 
that  emphas izes  the role o f  minera l  sed iments .  A parad igm shif t  is there fore  p roposed  that  emphas izes  a broad  ecological 
view as cont ras ted  to a most ly  physical view emphas iz ing  the role o f  s ed imen t  supply  in wet land main tenance .  In this 
view, p lants  are n o t  a n  ancillary consequence  o f  strictly geological dynamics  such  as s e d i m e n t  supply  bu t  are d o m i n a n t  
agents  control l ing factors  relevant  to coastal restorat ion and  m a n a g e m e n t  effor ts .  

In t roduc t ion  

The  most  d ramat ic  coastal wetland losses in the 
Uni ted States are in the no r t he rn  Gulf  of  Mexico 
(Turne r  1990), which has 41% of  the nat ional  in- 
ventory  of  coastal wetlands (Turne r  and  Gosselink 
1975) and 80% of  the na t ion ' s  total wetland losses 
(Dahl 1990). T h e  annua l  wedand  losses were 
12,700 ha f rom 1955 to 1978 (0.86% yr-1; Bau- 
m a n n  and T u r n e r  1990). At this rate, land equiv- 
alent  to the area  of  Rhode  Island was conver ted  to 
open  water  within 21 yr. The  loss rate subsequently 
decl ined between 1983 and  1990 (Britsch and  
Dunba r  1993). 

The  initial habi ta t  conversions f rom h u m a n  ac- 
tivities, or  "di rec t  impacts ,"  are well d o c u m e n t e d  
and represent  abou t  12% of  the total land losses 
(Britsch and  Dunba r  1993; note:  on  this coast  wet- 
land loss and  land loss are essentially equal,  e.g., 
B a u m a n n  and T u r n e r  1990). The  remain ing  88% 
of  the losses are the result o f  o the r  causes. These  
" indi rec t  impac ts"  are the secondary  or subse- 
quen t  changes  result ing f rom,  for example ,  reduc- 
tions in sed iment  supply or f rom dredging,  f rom 
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subsurface fluid withdrawal, or  f rom hydrologic al- 
terations. The  ratio of  direct  : indirect  impacts  re- 
sulting f rom h u m a n  activities may vary unde r  in- 
f l uences  such  as g loba l  sea-level  rise, c l ima te  
changes,  soil type, geologic setting, or  manage-  
ment .  

The  causes of  these indirect  coastal wet land 
losses have rarely been  explicitly stated as hypoth-  
eses or  quant if ied in ttle scientific l i terature.  A re- 
cent  scientific review by coastal experts  (Boesch et 
al, 1994) included d redged  canals as a major  fac- 
tor, but  m a n a g e m e n t  d o c u m e n t s  give a different  
view. For example ,  a r epo r t  by the Science Advisory 
Panel to the Governor  of  Louisiana inc luded ca- 
nals within a discussion of  " m a r i n e  tidal invasion," 
one  of  six categories of  causes (Gagliano 1994). 
This  r epo r t  suggested that  a vigorous m a n a g e m e n t  
p r o g r a m  (presently $147 million f rom 1992 to 
1996; Anonymous  1995a) could achieve a balance 
of  no coastal land loss within 50 yr. A recent  Lou- 
isiana State G o v e r n m e n t  "White  Pape r "  unequiv- 
ocally conc luded  that  a decrease in the sed iment  
supply was the one  cause of  coastal wetland losses: 
"al terat ions to the river system, result ing in a long 
te rm sed iment  deficit in a subsiding coast, is the 
major  overall p r o b l e m "  (Anonymous  1995b, p. 4). 
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The  State of  Louis iana has clearly adop ted  the per- 
spective that  landloss is a consequence  of  sed iment  
starvation and  that  res torat ion is therefore  depen-  
den t  on sed iment  m a n a g e m e n t .  

The  general  absence  of  clearly stated hypotheses  
that allow for testing, quantif ication,  and  predic- 
tion hinders  deve lopmen t  of  clear m a n a g e m e n t  
choices with known consequences ,  tor example ,  
area  conserved  a n d / o r  res tored  and  resources al- 
located. I agree  with Slobodkin who c o m m e n t e d  
(1988, p. 342) on the role of  science in public re- 
source managemen t :  "Practical  quest ions of  envi- 
ronmen ta l  m a n a g e m e n t  in the absence of  ecology 
are likely to receive misleading and  even danger-  
ous answers." 

I tested four  hypotheses  abou t  the causes of  wet- 
land losses a long this coast. A central  conce rn  is to 
identify the cause-and-effect  relat ionships leading 
to land (and wetland) losses to reduce  or even re- 
verse the present  and  past regression th rough  ei- 
ther  active or  passive m a n a g e m e n t .  

The Environmental Setting 

The  Louis iana coast f o r m e d  after  the Pleisto- 
cene as a series of  over lapping riverine deltas ex- 
t ended  on to  the cont inenta l  shelf. The  Mississippi 
River, now partially cap tured  by the AtchafMaya 
River, shifted 6 times over the last 6,000 yr seeking 
the lower hydrologic resistance of  a shor te r  route  
to the sea (Fisk et al. 1954). This process of  indi- 
vidual delta growth and  a b a n d o n m e n t  con t inued  
until the posit ion of  the m o d e r n  bird-foot  (Balize) 
delta was r eached  abou t  200 yr ago and  more  than  
1 mill ion ha  accumula ted  coastwide. 

As the coastline progressed  seaward, delta m u d  
was overlain by silts and  sands and  topped  by del- 
taic sediments,  including organic  deposits  (Fisk et 
al. 1954). Smaller  subdehas  may deposi t  sediments  
up to 14 m thick and  the ent i re  delta sequence  
may be 150 m deep.  These  f ine-grained and  highly 
organic  sediments  unde rgo  consolidat ion,  compac-  
tion, and  oxidat ion result ing in subsidence.  The  
highest  subsidence rates occur  in the u p p e r  2 m 
of  the marsh  soils (Turne r  1991). 

The Chenie r  Plain, located in western I,ouisiana, 

is a series of  sand and shell ridges (shore-parallel  
to shore-oblique) that are separa ted  by prograda-  
tional mudllats,  wetlands, or  open  water. It  is called 
a 'Chen ie r '  in re ference  to the oak trees (chene in 
French)  growing on the s t randed beach  ridges. 
Mudflats grow dur ing  periods of  deltaic abandon-  
m e n t  as reworked sediments  move westward with 
littoral drift; subsequent  sed iment  re-sorting builds 
ridges, which s t ructure  waterflow within the estu- 
ary between them. 

The  suspended  sed iment  load f rom the Missis- 
sippi River dra inage system decl ined in the mid- 
1950s following dam and reservoir  const ruct ion on 
major  tr ibutaries (Meade and  Parker  1984; Kesel 
1988). It is not  clear how the presen t  suspended  
sed iment  load compares  to that  before  Europeans  
c o l o n i z e d  the  Mississippi  River  w a t e r s h e d .  In-  
creased habi tat ion and  defores ta t ion within the 
Mississippi Rivet- basin probably  led to increased 
suspended  sed iment  concent ra t ions  pr ior  to dam 
construct ions,  as h a p p e n e d  elsewhere. For exam- 
ple, Brush (1984) d o c u m e n t e d  a twofold increase 
in sed iment  delivery to coastal systems following 
deforestat ion and  fa rming  in Chesapeake  Bay trib- 
utaries. Sed iment  loading in the 1950s may there- 
fore be an inappropr ia t e  baseline measure  of  long- 
te rm (centuries)  averages to c o m p a r e  with present  
sed iment  loadings. 

Reducing the direct  in t roduct ion  of  riverine sed- 
imen t  into wetlands (via e i ther  natural  breaks in 
the river levee or overbank  f looding in the 1930s 
before  f lood protec t ion  levees on the lower Missis- 
sippi River were comple ted)  undoubted ly  influ- 
enced  sed imenta t ion  supply rates to the coastal 
zone. About  3% of  the suspended  minera l  mat te r  
present ly conf ined  within the Mississippi River lev- 
ees would be delivered directly to the wetlands 
th rough  overbank  f looding and  crevasses (levee 
breeches)  if the levees did not  prevent  it (Kesel 
1988). However, our  knowledge of  sed iment  stor- 
age in rivers, cont inenta l  shelves, and  coastal wet- 
lands is too incomple te  to predic t  how much  less 
land would be built, or  even if there would be a 
net  loss, with such changes  in suspended  sed iment  
supply. 
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Fig. 1. Aerial views of  l ,ouisiana coastal wetlands. An approx imate  scale in each is tile width o f  an individual canal  (normally 30 
in). A. A false-color image of  the  Big Mar, a fo rmer  agricul ture  reclamat ion site (circa 1915) located to the  southeas t  of  New Orleans.  
B. A fo rmer  logging site near  I a k e  Maurepas,  Louisiana.  The  star-shape lines in the  cen te r  by the  canal are where  cypress logs were 
d ragged  out  a r o u n d  the beg inn ing  o f  this century.  C. A network of  canals in tile I,eeville oilfield at Leeville, I,ouisiana, located a long 
Bayou I ,afourche and  near  Catfish lake. D. A network o f  canals and  spoil banks. Tile t e rminus  of  each d redged  'keyhole '  is a dril l ing 
location. E. A d redged  canal and  spoil bank crossing a natural  sa lunarsh  bayou. The  nearby artificial channe l  is probably a dra inage  
ditch. Note  the  in te r rup t ion  in natural  channe l  network by the spoil hank.  E Wetlands on  the nor thwest  shore  o f  Lake Pontchar t ra in .  
Note the  drastic vegeta t ion differences on  e i ther  side of  the spoil bank.  G. A g r o u n d  view of  a canal and  spoil bank built ca. 30 yr 
ago in a salt marsh  near  Cocodrie,  Louisiana.  t t .  A d redged  canal  and  spoil hank  crossing a natural  sal tmarsh bayou in the  Barataria 
Bay estuary. A natural  channe l  is b locked on the  sou the rn  side o f  the d redged  channel ,  and  e roded  on  the n o r t h e r n  side. 


