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ABSTRACT: The process of coastal zone management in the United States has progressed to the 
point that it is now possible to embrace whole coastal ecosystems in management programs. The 
structural and dynamical features of the ecosystems have to be known before management can 
succeed. Furthermore, it is necessary to disaggregate the systems into subsystems. The following six 
subsystems have been used as the best compromise between scientific and administrative needs: 
the watershed terrain, the land drainage system, the coastal basin, the basin floor, the coastal 
waters, and the ocean. The Apalachicola National Estuarine Sanctuary in Florida is used as a case 
history of a managed ecosystem. 

INTRODUCTION 

Coastal ecosystem m a n a g e m e n t  has as its fundamen ta l  objective the concurrent  and  
coordinated m a n a g e m e n t  of coastal lands  and  the waters of the adjacent  sea. The 
m a n a g e m e n t  goal is to provide op t imum benefi ts  to the publ ic  from the resources of the 
coast. The key to success is simplicity, both in  the expression of ecological purposes and  
in  des ign  of the m a n a g e m e n t  programs. Yet the need  for simplici ty is at odds with the 
inheren t  complexity of both ecological  systems and  polit ical  systems. This d i l emma can 
best  be  resolved through e n h a n c e d  empathy  b e t w e e n  science and  m a n a g e m e n t  and  
through addi t ional  efforts by scientists to be relevant.  

In this paper  I examine  the coastal ecosystem m a n a g e m e n t  framework wi th in  which 
mar ine  biologists have b e e n  working  recent ly  in  the Uni ted  States. It is important  first to 
recognize that the n u m b e r  of professionals technical ly  equ ipped  to deal  with ecosystem 
m a n a g e m e n t  is qui te  l imited. Such persons must  be  able to devise imp lemen tab le  
programs, deal  with conflict ing interests, a r range compromises,  and  coordinate 
extremely var ied activities. They are generalists ,  usually,  who have a good grasp of 
biological,  chemical,  and  physical  sciences as wel l  as the legal,  administrat ive,  and  
polit ical  arts. 

Most scientists, by their  very nature,  are ne i ther  comfortable with the irrat ionali ty of 
politics nor pa t ient  with the t ed ium of adminis t ra t ion  and  law (Clark, 1977). Therefore, 
the scientist  usual ly  is most comfortable in  the role of s imply providing informat ion and  
leav ing  it to a special  advocate to b r ing  the ecosystem m a n a g e m e n t  program to fruition. 
Yet it is not  always possible to cut the cake so cleanly. Those who have e nga ge d  in  
m a n a g e m e n t  wil l  tell  you how difficult it is to l imit  your inpu t  to scientific fact and  how 
easy it is to get swept into and  along with the whole  m a n a g e m e n t  effort. 

Among  the env i ronmen ta l  programs that were imp lemen ted  dur ing  the Uni ted  
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States ecology decade - 1968 to 1978 - were many that relate to coastal ecosystem 
management.  For example: (1) the National  Environmental Policy Act of 1969 {NEPA) 
which requires environmental impact statements on all major federal projects. (2) The 
Clean Water and Ocean Dumping Acts of 1972 which init iated strong controls on 
pollution of U.S. waters. (3) The national initiatives under  the Clean Water Act and 
White House (Presidential) and Cabinet (Departmental) directives for protection of 
wetland habitats. (4) The Flood Disaster Protection Act of 1973 which, among other 
objectives, encourages conservation of coastal landforms (e. g. wetlands and sand dunes) 
that protect the coast. (5) The Coastal Zone Management  Program (CZMP) authorized by 
the Federal  Coastal Zone Management  Act of 1972 (Public Law No. 92-583) which 
provides a mechanism for coordination of the variety of U.S. environmental  programs 
that affect the coast. 

The federal  initiatives of the ecology decade were also supplemented by an extra- 
ordinary proliferation of environmental  programs of state and local govemments.  

Of all these programs, coastal management  at the ecosystem level in the United 
States is most strongly influenced by the CZMP. This program encourages each U.S. 
coastal state and territory to implement  a specific management  program in accordance 
with Federal  guidel ines and in cooperation with county and city governments. Its 
purposes include: resource and habitat  conservation, improved public access to coastal 
waters, protection of life and property against  storms, etc. It has the following major 
features: (1) It is voluntary. (2) Participating states receive annual federal grants for a 
planning phase of three to five years. (3) Once its p lan is federally approved, each state 
receives annual  grants for implementat ion of its program. (4) Federal  actions are 
required to be consistent with and supportive of approved state programs. (5) Participat- 
ing states are el igible  for special  purpose grants and loans for port improvement, 
fisheries development,  compensation for damages caused by the oil industry, and 
establishment of protected areas called National Estuarine Sanctuaries (the subject of 
the following case study). 

Although the coastal management  program does not specifically require states to 
pursue conservation at the ecosystem level, its guidel ines encourage comprehensiveness 
and thus do facilitate the ecosystem approach to conservation of coastal resottrces. At 
present (September, 1979) 30 states and territories are part icipating and 19 are operat ing 
approved programs. 

The Federal  Coastal Zone Management  Program facilitates management  at the 
ecosystem level primarily by fostering coordination among a variety of federal, state, and 
local government agencies. No single agency has sufficient authority to independent ly  
manage the lands and waters of an entire coastal ecosystem and each has its own narrow 
mission, special clientele, and bureaucratic resistance to change. The CZMP helps the 
advocate of ecosystem management  to promote coordinated joint action among agencies 
because of its requirements for comprehensive planning and inter-governmental  con- 
sistency. 

It must be noted that the feasibility of management  of entire ecosystems varies 
widely along the United States coastline, being affected greatly by populat ion density, 
economics, culture, politics, and of course landform. It is clearly easier to control 
development in the narrow band of unbui ldable  land along a steep rocky shore than in 
the broad band of arable, bui ldable  land of a low-lying coastal plain. 
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In the interest  of clarity some important  terms are def ined below. 
C o a s t a 1 : The l and  and  water  areas (marine and  brackish,  sal ini ty  > t han  0.5 

percent) of the seacoast that are strongly in f luenced  by each other; most extensive where  
there are broad low-lying coastal p la ins  and  large estuaries {Clark, 1977). 

E c o s y s t e m ( c o a s t a 1 ) : An  essent ia l ly  complete  ecological system consis t ing 
of a coastal water  body coupled to the adjacent  shorelands and  watershed and  the ocean. 

M a n a g e m e n t : The organized social, political, and  economic processes 
involved in  coastal resources al locat ion and  conservation. 

C o a s t a 1 b a s i n : The submerged  geologic structure of bays, estuaries, and  other 
distinct coastal water  bodies~ specifically, the floor of a bas in  ex tend ing  outwards and  
upwards  to the low water  mark  periphery.  

ECOSYSTEM COMPONENTS 

As we have seen, coastal ecosystem m a n a g e m e n t  in  the Uni ted  States is normal ly  
approached as a process of coordinat ing diverse exist ing m a n a g e m e n t  authori t ies 
toward a common goal. Accordingly,  for the practical  purposes of managemen t ,  the 
coastal  ecosystem must  be  subdiv ided  into components ,  each of which must  be  recogniz-  
able  to various m a n a g e m e n t  authorit ies as b o u n d i n g  the areas of their separate  jurisdic- 
tions. While  it may  seem to the ecologist quite impossible  to divide an  ecosystem in  such 
a way as to serve both the polit ical  purposes of m a n a g e m e n t  authori t ies and  the research 
purposes of.science, in  fact this has proved to be quite feasible in  the Uni ted  States as 
wil l  be  discussed below. 

For any subject  ecosystem, it is necessary to identify the major physical  components  
and  the dynamic  processes at work as shown in  Figure 1 where  the es tuar ine  and  u p l a n d  
components  of a Florida es tuar ine  ecosystem are portrayed. The system should be 
divided into a logical a r r angement  of components  - we have used  six. Four of the six 
components  of the genera l ized  coastal ecosystem are evident  in  this part icular  case: 

(1) The watershed:  the up l and  terrain  (or shorelands) that produces runoff water  to 
the coastal bas in  (the "up land"  of Fig. 1). (2) The land  dra inage  system: the conduits  that 
convey water  to the coastal bas in  {canal, stream, subsurface flow, etc.} (the " up l a nd  
water," "canal ,"  etc. of Fig. 1). (3) The t ransi t ional  area (edge-zone): lands  regular ly  or 
sporadical ly flowed by sea water  {marshes, swamps, flats, beaches,  floodlands, etc.) 
("mangrove"  and "marsh" of Fig. 1}. {4) The ocean: waters and  oceanic forces that affect 
the coastal water  bas in  bu t  lie beyond  its boundar ies  ("Gulf of Mexico" of Fig. 1). (5) The 
coastal waters: the brackish to sal ine waters that are found wi th in  the bas in  (> 0.5 %o S) 
("estuar ine bays"  of Fig. 1). A r ema in ing  ecosystem component  that is not  ev ident  in  
Figure 1 but  is implici t  there in  is: (6) The coastal basin:  the bas in  structure inc lud ing  the 
floor and  sides of the bas in  (a bay, lagoon, or sound) ("bay grasses" are bas in  bottom 
flora). 

These six components,  then, are the major physical  subsystems of the coastal 
ecosystem that we have used for the purposes of m a n a g e m e n t  programs. Each ind iv idua l  
subsystem is, of ~course, further divis ible  for ei ther  scientific or m a n a g e m e n t  purposes.  

Before the m a n a g e m e n t  program can be formulated, science must  identify the 
essent ia l  processes of the ecosystem, how they operate wi th in  each subsystem and  how 
they are governed wi th in  and  among  subsystems. It is par t icular ly important  to ident ify 



724 

UPLAND 

J. Clark 

ESTUARINE BAYS AND ISLANDS 

~ EVAPBRATIBN 

RECRUCME NT 

NAINLAND NANGROVE AND SALT MARSH 

Fig. 1. Example of coastal ecosystem processes model (for a sub-tropical, mangrove-type system) 
that includes major system components (modified after Carter et al., 1973) 

the 1 i m i t e r s (or l imi t ing factors such as gases, minera l  nutrients ,  and  light) and  the 
m o d u 1 a t o r s (or modula t ing  factors, such as temperature,  salinity, and  water  tempera-  
ture) that inf luence  the biological  carrying capacity of the system because  these must  be 
dealt  with directly by managers  (Clark, 1977). There now exists wi th in  the common pool 
of scientific knowledge  considerable  information of this type that can form a genera l  
concept for appl ica t ion to all coastal ecosystems. But site-specific research is still 
essent ial  for successful managemen t .  There is s imply not a s ingle prototype that can be 
appl ied  to all cases. That  is to say, whi le  we can state the key parameters  and  draw 
genera l ized  models,  we cannot  just  use averaged biomass volumes and  species composi- 
tions or s tandardized rates and  coefficients in part icular  systems. An extraordinary 
variety of ecosystem types is to be found in  the Uni ted States because  of variat ions in  
geologic and  climatic conditions. 

Drawing the boundar ies  of the coastal ecosystem is an arbitrary and difficult job. 
Scientists and  managers  both may be puzzled by the process of jointly working  out a 
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common  b o u n d a r y  de l inea t ion .  However ,  as sys tems mode le r s  know,  much  can  be  
accompl i shed  b y  t ransfer  across m o d e l  boundar ies .  Typica l ly ,  the  core of the  ecosys tem 
to be  m a n a g e d  has  b e e n  a bay,  or o ther  coasta l  wa te r  basin,  and  the  b rack i sh  (> 0.5 %0 S) 
par t  of any  t r ibu tar ies  tha t  en te r  it, i nc lud ing :  (1) the  bay  bottom, (2) the  bay  waters ,  and  
(3) the  b a y  e d g e s  ( t ransi t ional  areas).  The wa te r shed ,  coasta l  d r a i n a g e  system, and  ocean  
are  often t r ea ted  as ex te rna l  effects. Thus sys tem mode le r s  might  d r aw  thei r  mode l  
b o u n d a r y  a round  the core a rea  - the  b a y  - and  t reat  the  u p l a n d  and  oceanic  sources  of 
wa te r  by  t ransfer  ga tes  in the  boundary .  Of course,  the  t ransfer  has  to inc lude  the 
migran t  and  p l ank ton ic  b io ta  that  cross the bounda r i e s  as we l l  as the  k ine t ic  energy of 
t ides  and  r iver  flows and the  d i s so lved  and  s u s p e n d e d  inorgan ic  content  of the  water .  
How the de l i nea t i on  of these  componen t s  faci l i ta tes  the  m a n a g e m e n t  process  is the  
subjec t  of the  next  sect ion of this  paper .  

Fig. 2. Ecological zonation of Sanibel Island, Florida (after Clark, 1976) 

It is c lear  that  d i s agg rega t i on  of the  ecosys tem - compo~lent ident i f ica t ion  and  
charac te r iza t ion  - is necessary .  This wi l l  ex tend  b e y o n d  def in i t ion  of componen t s  to 
zona t ion  wi th in  them. Ecologica l  zonat ion  is often the  most  v a l u a b l e  work  the sc ient is t  
can  per fo rm for the  manage r .  Zonat ion  of the  phys ica l  env i ronment  g ives  the  m a n a g e r  
essen t ia l  t echn ica l  informat ion  in a form he can most  eas i ly  unde r s t and  and use to 
faci l i ta te  the  m a n a g e m e n t  program.  Three  e x a m p l e s  are  given:  The  Miss i s s ipp i  Del ta  
was  zoned  by  Dr. Sherwood  G a g l i a n o  and  co l l eagues  to benef i t  coastal  m a n a g e m e n t  in 
the State  of Louis iana.  San ibe l  Island,  F lor ida  (a very  wet  p lace  which,  wh i l e  inhab i -  
ted, l ies  to ta l ly  wi th in  the  t rans i t iona l  a rea  componen t  because  the  whole  is sub jec t  to 
f looding  if s t ruck b y  a g rea t  hurr icane) ,  was  zoned  b y  a t eam of 15 scient is ts  for the  
p l a n n i n g  pu rposes  of the  Ci ty  of San ibe l  (Fig. 2). Corpus  Christ i  Bay, was  zoned  by  
scient is ts  of the  Rice Inst i tute  to benef i t  the  coasta l  zone m a n a g e m e n t  p rog ram of the  
Sta te  of Texas.  

Ano the r  scient i f ic  cont r ibut ion  of impor tance  is impac t  analysis .  Because  a major  
pu rpose  of coasta l  ecosys tem m a n a g e m e n t  is to min imize  the  impac ts  of h u m a n  act iv i t ies  
that  adve r se ly  stress the  ecosystem,  one needs  to ident i fy  the  major  po ten t ia l  effects that  
different  h u m a n  act iv i t ies  have  on the ecosys tem to be  m a n a g e d  and  to m a k e  provis ions  
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for these  in the  m a n a g e m e n t  program.  For example ,  if l a rge - sca le  harves t  of forests in 
the w a t e r s h e d  was  not  to be  permi t ted ,  it  wou ld  be  was tefu l  to e x p e n d  research  
resources  on d e t e r m i n i n g  the effects of such cutt ing.  However ,  if l a rge - sca le  c lear-  
cut t ing was  env i s ioned  one wou ld  n e e d  to emphas i ze  r e sea rch  on such effects as soil  
erosion,  turbidi ty ,  si l tat ion,  wa te r  t empera tu re ,  nut r ien t  de l ivery ,  r ipa r ian  habi ta t ,  and  so 
forth. Env i ronmenta l  impac t  analysis ,  as this is cal led,  is pa r t i cu la r ly  difficult  for coasta l  
ecosys tems because  of the  complex i ty  of the  impacts .  

THE M A N A G E M E N T  CONTEXT 

Because,  in its p rac t ica l  appl ica t ion ,  the  m a n a g e m e n t  approach  must  be  g rea t ly  
s impl i f ied ,  a d i l e m m a  arises:  on the  one hand,  the  m a n a g e r  is uncomfor tab le  wi th  
t echn ica l  complex i ty  and  ambigui ty ;  on the  other  hand,  the  scient is t  is uncomfor tab le  

wi th  reduct ion is t  and  unqua l i f i ed  certainty.  The  compromises  that  are  m a d e  necessa r i ly  
favor the m a n a g e r ' s  n e e d  for s implici ty ,  and  pa r t i cu la r ly  of re la t ing  scientif ic  k n o w l e d g e  
to the  pol i t ical ,  legal ,  and  admin i s t ra t ive  f ramework.  A c lear  expos i t ion  of po ten t ia l  
impacts ,  a p rope r  a r r angemen t  of sys tem boundar ies ,  and  appropr i a t e  zonat ion  of 
subsys tems  can go a long w a y  toward  reso lv ing  the d i l emma.  

A br ief  descr ip t ion  of m a n a g e m e n t  needs  and the pol i t ical ,  legal ,  and  admin i s t ra t ive  
process  for each  of the  six gene ra l  components  follows to demons t ra te  how it has  b e e n  
poss ib le  to reconci le  eco log ica l  and  m a n a g e m e n t  aspects  in  the  Uni ted  States. 

W a t e r s h e d s  

The w a t e r s h e d  componen t  is necessa ry  to p rov ide  for control  of d i s tu rbances  of the  
te r ra in  that  dra ins  into the  coastal  basin.  W h e n  the w a t e r s h e d  te r ra in  is c l ea red  for 
u rban iza t ion  or agr icu l ture  it is not so capab l e  of ho ld ing  and  modu la t i ng  wa te r  flow, 
resu l t ing  in downs t r eam f looding  and unfavorab le  sa l in i ty  oscil lat ions.  Nor is it so 
capab le  of r e t a in ing  its soils or any  toxic subs tances  which  have  b e e n  app l ied .  

The b io log ica l  car ry ing  capac i ty  of many  U.S. coasta l  bas ins  has b e e n  grea t ly '  
r e d u c e d  by  uncont ro l l ed  l and  use in the  coasta l  te r ra in  that  dra ins  into it. Accompl i sh ing  
effective control  over  adverse  l and  use  in the  coasta l  t e r ra in  has  b e e n  pol i t i ca l ly  difficult  
in the  Uni ted  States  and  r ema ins  a most  t roub l ing  par t  of coasta l  ecosys tem m a n a g e m e n t  
b e c a u s e  of the  res is tance  of p r iva te  l and  owners  and  the re luc tance  of local  (sub-state) 
gove rnmen t s  to r e l inqu i sh  control  over  l and  use to h ighe r  authori ty.  The federa l  coasta l  
m a n a g e m e n t  p rog ram has  b e e n  ra ther  unsuccessfu l  in this regard .  There  is more  hope  of 
success  th rough  the Fede ra l  C lean  Wate r  Program run by  the Fede ra l  Env i ronmenta l  
Protect ion A g e n c y  (EPA) and  ope ra t ed  l a rge ly  by  state and  r eg iona l  agenc ies .  The 
p rog ram p resen t ly  has  some author i ty  to control  po l lu t ion  from the  l and  surface b u t  EPA 
has  b e e n  slow to exerc ise  this  authori ty.  In the  Uni ted  States  the  federa l  gove rnmen t  has  
t r ad i t iona l ly  avo ided  control  of p r iva te  l and  uses  t ransfer r ing  most  of this  funct ion to the  
states,  who  have  in  turn t ransfer red  most  of it  to sub-s ta te  government  (cities and  
counties).  Accordingly ,  most  local  governments  have  the r ight  to exerc ise  control  over  
the  te r ra in  even  though  most  of t hem do less wi th  this  au thor i ty  than  they  c o u l d  if 
po l i t i ca l ly  mot iva ted .  However ,  unde r  the  inf luence  of the  eco logy  movemen t  in  the  
Uni ted  States,  many  pr iva te  l andowners  have  voluntar i ly  become  far more  re spons ib le  
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about controlling land uses that cause water  pollution. Therefore, it is quite possible to 
develop workable watershed elements for coastal ecosystem management  programs in 
many parts of the United States. 

The  d r a i n a g e  s y s t e m  

The rivers, canals, marshes, and other elements of the drainage subsystems that 
convey freshwater to the coast are an integral  part of the hydrologic system and 
important to coastal ecosystems in many ways. The rivers provide pathways for migrant 
fauna, supply fresh water  for dilution, facilitate circulation, and transport substances 
{both helpful and harmful}. They also attract ships, industry, and dams. They are 
extremely important to coastal ecosystems where the shoreland is low, wide, backed by 
mountains, and cut by many rivers (e. g. the middle  Atlantic Coast of the United States}. 

Rivers are largely controlled by the federal government through public works 
projects and permits for private developments.  The U.S. Army Corps of Engineers 
controls river use, most importantly navigation and water  resources development 
aspects; Interior and Agriculture Departments also have important roles in water  
development.  Water is an important, often scarce, resource in the United States and its 
allocation and uses are dramatically and polit ically complex. The federal EPA controls 
river pollution, most often in partnership with individual  state pollution control agen- 
cies. States general ly allocate water  supplies and some states (e. g. California} have 
active water  resource programs {but these are subordinate to federal controls}. The 
coordination of these authorities should not be so difficult because the Federal  govern- 
ment has primary control, but the clientele for river development is so polit ically 
powerful that coastal ecosystem needs are often given a low priority. 

T r a n s i t i o n a l  zone  

The transitional zone plays a key role in many ecosystems since it contains the 
floodlands, marshes, mangrove swamps, tideflats, beaches, and other elements subject 
to regular  or sporadic t idal  flooding. This zone has unique habitats, essential  energy and 
material  storage units, and important nutrient sources. The margin of the coast is also 
important in the protection of the land from the erosive forces of the sea. 

The federal government has primary authority in the transitional zone. While the 
states can exercise secondary authority, the Corps of Engineers must approve any private 
development that affects wetlands, beaches,  or tideflats. EPA and other federal agencies 
also must approve wet land projects. Federal  and state governments have authority for 
flood management.  Local governments exercise a variety of important secondary pow- 
ers. Because the variety of authorities is great, coordination of them toward ecosystem 
management  may be difficult. However, the agencies are experienced at cooperating on 
transition zone matters because much of the area, part icularly that below mean high 
water, is typically in the public domain, the zone is narrow, and its character is obvious. 

The  o c e a n  

The ocean lying beyond the boundaries of the coastal ecosystem has extremely 
important interactions with it. Waves, tides, and ocean currents provide kinetic energy 
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and t ranspor t  subs tances  and  b io ta  to and  a w a y  from the coastal  basin.  In conf ined  
coasta l  bas ins  the  ocean  i/i~et is the  t ransfer  poin t  th rough  which  al l  in terac t ion  occurs~ 
therefore,  the  conf igura t ion  of the  in le t  (often de t e rmine d  by  engineers)  is cri t ical .  The 
na tura l  or ar t i f ic ial  open ing  or c los ing of inlets  as wel l  as changes  in thei r  dep th  or wid th  
have  most  impor tan t  effects upon  coasta l  ecosys tems (e. g. 60 to 70 % of the  coasta l  fish 
spec ies  of the U.S. At lant ic  and  Gulf  Coasts  use  bays  and  es tuar ies  for spawning ,  
nursery,  or f eed ing  a reas  or have  other  s ignif icant  dependenc ies ) .  

The  federa l  gove rnmen t  has  p r imary  control  over  ocean  affairs, i nc lud ing  the 
i m m e d i a t e  coast  and  the  inlets.  The Corps of Eng ineers  is p r imar i ly  respons ib le  for 
phys ica l  and  nav iga t iona l  aspects  and  the EPA for po l lu t iona l  aspects.  The  Nat iona l  
Mar ine  Fisher ies  and  U.S. Fish and  Wild l i fe  Service  are  advisors.  State  governments  
have  a secondary  role wi th in  the  U.S. ter r i tor ia l  sea  ( inside 3 miles).  

T h e  c o a s t a l  b a s i n  

The  coastal  ba s in  componen t  (floor and  s ides  that  l ie  be low the low wate r  mark)  has  
a spec ia l  eco log ica l  role  - it  p rov ides  hab i t a t  and  rich f eed ing  areas  for coasta l  fauna  - 
and  is gove rned  by  a spec ia l  a s s e m b l a g e  of authori t ies .  The  condi t ion  of the  bas in  floor 
inf luences  not  only  its b io log ica l  p roduc t iv i ty  and use by  fauna  but  also the  qua l i ty  of 
wa te r  th roughout  the  ecosys tem (basins that  are  po l lu t ed  wi th  suspens ib le  silts and  
chemica ls  usua l ly  have  b a d  wa te r  quali ty).  The  bas in  floor also has  vi ta l  eco log ica l  a reas  

- fea tures  such as coral  reefs, shel l f ish  beds ,  and  sea  beds  - that  n e e d  par t i cu la r ly  
v igorous  protect ion.  The  conf igura t ion  of the  coasta l  bas in  is also of g rea t  impor tance ;  
channe l ing ,  deepen ing ,  c a u s e w a y  construction,  or major  b u l k h e a d i n g  can g rea t ly  affect 
the  car ry ing  capac i ty  of a bay  or o ther  coasta l  basin.  

The  federa l  gove rnmen t  has  p r imary  control  of the  bas in  th rough  its supreme  
author i ty  over  al l  nav iga t ion  matters ,  bu t  it  often shares  its powers  wi th  states.  Sub-s ta te  
governments  are  in f luent ia l  but  have  l i t t le  d i rec t  power.  EPA has  control  over  pol lu-  
t ional  aspects  of d r e d g i n g  and  spoi l  disposal .  It is re la t ive ly  s imple  to coordina te  the  
var ious  bas in  author i t ies  for par t i cu la r  ecosystems,  but  it  often is po l i t i ca l ly  difficult  to 
win  a h ighe r  pr ior i ty  for eco logica l  p ro tec t ion  than  for nav iga t ion  projects .  

C o a s t a l  w a t e r s  

The wa te r  mass  i tself  is iden t i f i ed  as a sepa ra te  componen t  par t ly  be c a use  of its 
na tu ra l  d is t inc t iveness  and  par t ly  because  of the  a l i gnmen t  of authori t ies .  Coas ta l  wa te r  
condi t ion  and  its f low character is t ics  are  s t rongly  in f luenced  by  in terac t ions  wi th  other  
subsystems.  It is qui te  necessa ry  to speci fy  the  requ i rements  to be  i m p l e m e n t e d  in each  
of the  o ther  sys tem components  to p rov ide  a d e q u a t e  wa te r  condi t ion  and  flow rates  to 
sat isfy needs  of the  basin.  The most  impor tan t  in situ controls  (within the  basin)  for the 
wa te r  subsys tem a p p l y  to the  d i scharge  of pol lutants .  The most  impor tan t  ex te rna l  
controls  (outside the  basin)  are  for wa te r  supply.  

State agencies ,  unde r  the  g u i d a n c e  of the  EPA, have  the p r imary  inf luence  on 
po l lu t ion  control  (in some states  the  EPA has  direct  control). Sub-s ta te  gove rnmen t s  have  
l i t t le  inf luence.  The U.S. Corps  of Eng ineers  has  p r imary  control  on mat ters  affect ing 
wa te r  f low (however,  see  others  men t ioned  under  the  coasta l  d r a inage  sys tem discus-  
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sion). Coord ina t ion  is r e l a t ive ly  s imple ,  the  major  p r o b l e m  b e i n g  federa l  i n t e r agency  

conflicts. 

CASE STUDY - APALACHICOLA BAY (FLORIDA) 

The  s impl i f i ed  case  s tudy that  fol lows involves  the  d e v e l o p m e n t  of a m a n a g e m e n t  
p roposa l  for a coasta l  ecosys tem tha t  l ies  in the  nor thwes t  of F lo r ida  ad j acen t  to the  Gulf  
of Mexico,  k n o w n  as the  A p a l a c h i c o l a  Bay ecosystem. The  proposa l  was  d e v e l o p e d  
unde r  the  Na t iona l  Es tuar ine  Sanc tuary  Program of the  Fe de ra l  Coas ta l  Zone M a n a g e -  
ment  Program. The Sanc tua ry  Program prov ides  federa l  grants  and  other  ass is tance  to 
s ta tes  to m a n a g e  pa r t i cu la r  ecosys tems for r e sea rch  and  educa t iona l  purposes .  The 
Sanc tua ry  p roposa l  for A p a l a c h i c o l a  was  successful  be c a use  a n  ex t raord ina r i ly  e ne rge -  
t ic scientist ,  Robert  J. Livingston,  devo ted  his  ca ree r  to u n d e r s t a n d i n g  the eco logy  of the  
Apa l ach i co l a  sys tem and  b e c a u s e  the f ishing peop l e  of A pa l a c h i c o l a  came to unde r s t a nd  
that  only  th rough  an  ecosys tem a p p r o a c h  to resource  m a n a g e m e n t  could  the i r  l i ve l ihood  
and  thei r  w a y  of l ife be  sus ta ined.  

The  coas ta l  basin,  A p a l a c h i c o l a  Bay, is sha l low wi th  an  ave rage  dep th  of abou t  
3.5 m; the  bo t tom var ies  from coarse  sand  to f ine mud.  Oysters  occur in  concen t ra t ed  
reefs; s u b m e r g e d  grass  beds  occupy  9,400 acres  of the  bay.  Crabs,  fish, and  shr imp move  
b e t w e e n  the b a y  and  the ocean  us ing  the in le ts  as major  p a t h w a y s  and  al l  th ree  use  this  
b a y  as a major  nurse ry  area,  as they  do in so m a n y  es tuar ies  of the  Gulf  of Mexico  (for 
example ,  crabs t rave l  hundreds  of mi les  north a long  the F lor ida  coast  to s p a w n  here) 
(U.S. D e p a r t m e n t  of Commerce ,  1979). 

The  w a t e r s h e d  te r ra in  is a m i x e d  fores t  area,  wi th  p ine  p lan ta t ions  for p u l p w o o d  
culture,  some u r b a n  a reas  ( inc luding  At lanta ,  Georgia) ,  and  l imi ted  agr icul ture .  The  
va l l ey  of the  lower  par t  (the A p a l a c h i c o l a  River which  runs for 107 mi les  th rough  six 
F lo r ida  counties)  is l igh t ly  deve loped .  

The  d r a i n a g e  sys tem is extensive .  The major  conveyance  of f resh wa te r  is the  
A p a l a c h i c o l a  River wh ich  runs free from the J im Woodruff  d a m  and  nav iga t iona l  locks at  
the  Geo rg i a  bo rde r  170 k m  south to the  Bay. Its m e a n  annua l  flow is about  23,000 cfs. It is 
fed  by  the Fl int  and  Cha t t ahoo tchee  Rivers which  f low into a 37,500 acre  i m p o u n d m e n t  
b e h i n d  the d a m  (Florida Divis ion of State Planning,  1977). It carr ies  the  d ra inage  from 
19,500 square  mi les  of w a t e r s h e d  l and  (17,000 above  the dam, 2,500 below).  The r iver  
f lows b e t w e e n  na tu ra l  be rms  that  s epa ra t e  the  channe l  form the f loodlands  dur ing  low 
r iver  s tage.  It w idens  af ter  it  is j o ined  by  the Chipo la  River and  becomes  t ida l  and  
inc rea s ing ly  sal ine.  It serves  as a b a r g e  route  from the  Gulf  to upr ive r  indus t r ies  in  
A labama .  Var ious  s loughs  l e ad  back  into the  bo t tomland  h a r d w o o d  f loodlands  that  are  
i n u n d a t e d  each  year .  W h e n  they  drain,  g rea t  quant i t i es  of leaf  det r i tus  are  car r ied  
downs t r eam to enr ich  the  bay.  The f lood zone is c lear ly  d e l i n e a t e d  by  a l luv ia l  soils. 

The t rans i t ion  a rea  su r round ing  the coasta l  ba s in  var ies  from s w a m p  to marsh  (the 
marshes  are  wides t  on the  i n l and  e d g e  of the  bay) to sandy  be a c he s  wi th  low dunes  to 
ea r then  banks .  T ida l  amp l i t ude  is less than  one meter .  F lood r isk  is low excep t  dur ing  
hurr icanes .  

The wa te r  componen t  inc ludes  the  b rack i sh  par t  of the  A pa l a c h i c o l a  River (the 
lower  32 km) and  the b a y  proper .  Sa l in i ty  r anges  from 0.5 to about  30.0 %0. Indus t r ia l  
po l lu t ion  is small ,  s e w a g e  is a factor in the  v ic in i ty  of se t t lements .  Ci rcu la t ion  is l a rge ly  
w i n d  dr iven.  
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The ocean  componen t  in terac ts  v ia  three  inlets  (two na tu ra l  and  one man-made )  
th rough  and  a round  the outer  b o u n d a r y  of ba r r i e r  is lands.  Sa l in i ty  var ies  from about  20.0 
to 33.0 %~ The cont inen ta l  shelf  s lopes  vary  g r adua l l y  {about 2 m/km) and  the coast  is 
cha rac te r i zed  as " m e d i u m  energy . "  

In October  1978, the  Conserva t ion  Founda t ion  convened  a workshop  of 35 scient is ts  
r ep resen t ing  a w ide  spec t rum of d i sc ip l ines  to offer a p l an  for des igna t ion  of the 
Apa l ach i co l a  sys tem as a Na t iona l  Es tuar ine  Sanctuary.  We had  as a da ta  base  seven 
years  of r e sea rch  by  Dr. Livingston and  severa l  h u n d r e d  co l l eagues  and  assistants.  
Ecologica l  zonat ion  of the sys tem at macro  levels  and  micro leve ls  has  b e e n  accom- 
p l i shed  and  a n u m b e r  of concept  mode l s  have  b e e n  const ructed  that  couple  the  var ious  
subsys tems together .  Some mode l s  try to incorpora te  economic  factors as we l l  as to 
embrace  the  major  ecologic  aspects  of the  ecosystem. S imple  hydro-b io log ica l  numer i ca l  
mode l s  are  in opera t ion  and  are  b e i n g  e x p a n d e d  by  Livingston.  New research  in i t ia t ives  
are  u n d e r w a y  upr ive r  and  in the  bay.  

In th ree  days  of de l ibe ra t ions  the workshop  was  ab le  to p rov ide  the  sponsor ing  
federa l  and  state agenc ie s  and  some 50 other  agenc ie s  and  in teres t  groups  the  fo l lowing 
major  advice  {Clark & Banta, 1979): (1) Rega rd ing  the bas in:  control  d r e d g i n g  and  spoil  
d i sposa l  to p reven t  impac ts  adverse  to the sanc tuary  ecosys tem and to ga in  any po ten t i a l  
benef i t s  from judic ious  p l a c e m e n t  of spoil.  (2) Regard ing  the ocean:  control  in le t  
d r e d g i n g  or n e w  structures  to p reven t  adverse  impac ts  on the sanc tuary  ecosys tem 
th rough  a l tera t ions  of circulat ion,  sal ini ty,  or p reda to r  ingress.  (3) Rega rd ing  the water :  
control  domes t ic  was te  to p reven t  the  increase  of h u m a n  p a t h o g e n  into the  sanc tuary  
ecosys tem and  control  l iqu id  was te  effluent  to p reven t  an inc rease  in  toxic, organic ,  or 
nut r ient  pol lu tants  wi th in  the  sanc tuary  ecosystem. (4) Rega rd ing  the w a t e r s h e d  terrain:  
control  a l tera t ions  in the  w a t e r s h e d  of the  sanc tuary  ecosys tem to p reven t  an  inc rease  in 
non-poin t  source pol lu tan ts  from res ident ia l ,  agr icul tura l ,  or forest  cut t ing activit ies.  
(5) Rega rd ing  the t rans i t ion  area:  exerc ise  v ig i lan t  pro tec t ion  of the w e t l a n d s  of the  
sanc tuary  ecosys tem and  the Apa l ach i co l a  River. (6) Rega rd ing  the l and  d ra inage  
system: ma in t a in  the Apa l ach i co l a  and  t r ibu tar ies  in na tura l  form and  avoid  e n g i n e e r i n g  
changes  that  would  m a k e  it an  art i f icial  system. 

De ta i l ed  scient i f ic  suppor t  for these  minor  poin ts  was  g iven  a long  wi th  secondary  
advisor ies  too numerous  to discuss here.  Most  of our advice  was  incorpora ted  into the  
subsequen t ly  p roposed  m a n a g e m e n t  p roposa l  for the  sanc tuary  (U.S. Depa r tmen t  of 
Commerce ,  1979). 

The workshop  s u c c e e d e d  in p resc r ib ing  bounda r i e s  that  would ,  in effect, give 
ecosys tem status to the  sanctuary.  A core sanc tuary  a rea  of l and  and wa te r  was  
r ecommended .  The l and  par t  i nc luded  40,000 acres  of ex is t ing  pub l i c ly  owned  transi-  
t ional  and  w a t e r s h e d  l and  and  an  add i t iona l  12,000 acres  to be  purchased .  The wa te r  
a rea  was  to inc lude  136,000 acres.  To accompl i sh  the  necessa ry  bounda r i e s  w e  t r ied  to 
p e r s u a d e  the m a n a g e r s  to inc lude  in the  core of the  sanctuary:  (1) the  A pa l a c h i c o l a  River 
to the  h e a d  of t ide,  (2) the  Wimico  t r ibu tary  estuary,  and  (3) the  t rans i t ion  a reas  a long  the 
pr iva te  l ands  of the  ba r r i e r  is lands.  The sanc tuary  core thus co r responded  wi th  our i dea  
of a m i n i m u m  ecosys tem mode l  boundary .  

It t hen  r e m a i n e d  to incorpora te  some control  over  the  r e m a i n i n g  three  subsys tems as 
ex te rna l  forces ope ra t ing  across the  b o u n d a r y  of the core area.  This  was  accompl i shed  by  
p e r s u a d i n g  the m a n a g e r s  to include,  as a second  m a n a g e m e n t  tier, fur ther  a reas  over  
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which  the sanctuary m a n a g e m e n t  wou ld  have  purview.  These  were:  (1) the 

Apalach ico la  River north to the J im  Woodruff dam, (2) the adjacent  watershed,  (3) the 

ocean  inlets, and (4) cer ta in  critical direct  d ra inages  such as Tate ' s  Hel l  Swamp (the site 

of forest cut t ing activity that r e l eased  dele ter ious  acid wate r  to the Bay). 

Thus the Apa lach ico la  b e c a m e  the subject  of a de ta i led  proposal  for an in tegra ted  

coastal  ecosys tem m a n a g e m e n t  program. After  mak ing  its rounds through the bureauc-  

racy, publ ic  hear ings,  env i ronmenta l  impact  analysis, and lega l  r ev i ew  for land pur- 

chase, it was  approved  and i m p l e m e n t e d  in S e p t e m b e r  1979. Its Cal i fornia  counterpart ,  

the Elkhorn S lough ecosystem, was  des igna ted  a nat ional  sanctuary at the same time. A 

Florida counterpar t  - Rookery Bay - was i m p l e m e n t e d  in Sep tember  1977. A Hawai i  

counterpar t  - Wa imanu  Val ley  - was  i m p l e m e n t e d  in 1976. The  successful establ ish-  

ment  of protect ion programs for these four sanctuaries  proves  that coastal  ecosystems can 

be m a n a g e d  as ent ire  units. 
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