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PREFACE 

Th is  paoer represen ts  a  syn thes is  o f  
know1 edge concern i  nq t he  A ~ a l  ach i  c o l  a  
dra inage system, which i s  l o c a t e d  i n  
F l o r i d a ,  Georqi a, and Alabama. The 
Apa lach ico la  Bay complex i s  o n l y  one p a r t  
o f  a  major dra inage area t h a t  i n c l udes  t h e  
Apalachico la ,  Chattahoochee, and F l i n t  
R i ve r  svstems on one s i d e  and t h e  
no r t heas te rn  G u l f  o f  Mexico on t h e  o ther .  
The boundaries t h a t  separate va r i ous  
components ( i e . ,  t h e  r i v e r  and i t s  
assoc ia ted  wetlands, t h e  bay system, and 
t h e  open g u l f )  are a r t i f i c i a l  i n  an 
e c o l o q i c a l  sense. L ikewise,  t h e  
t r a d i t i o n a l  boundaries t h a t  have separated 
va r i ous  s c i e n t i f i c  d i s c i p l  ines--such as 
physics, chemistry,  meteoroloqy, and 
b i o l oqy - -a re  somewhat a r b i t r a r y  when a 
systems approach i s  used t o  determine t h e  
f u n c t i o n a l  i n t e r a c t i o n s  amonq i n t e r a c t i n g  
subsystems. Thus var ious  boundar ies must 
be crossed when t he  i n v e s t i q a t o r  a t tempts 
t o  understand an e n t i r e  aqua t i c  ecosystem. 

Over t h e  pas t  12 years, researchers  
i n  t h e  Apa lach ico la  system have c a r r i e d  
ou t  a  s e r i e s  of mu1 t i d i s c i p l  i n a r y  and 
i n t e r d i s c i p l i n a r y  s t ud i es  t o  determine t h e  
response of t he  Apa lach ico la  e s t u a r y  t o  a  
s e r i e s  o f  env i ronmenta l  va r i ab l es .  Such 
an e f f o r t  can be l i k e n e d  t o  t h e  qrowth o f  
concen t r i c  l a y e r s  o f  a  snowbal l  as i t  
r o l l s  down a h i l l .  The s o l u t i o n  o f  each 
problem forms t h e  f ounda t i on  f o r  a  new 
quest ion, which, i n  tu rn ,  serves as t h e  
template f o r  new hypotheses and t e s t s .  
The combinat ion of background f i e l d  
analyses and experiments i n  t h e  l a b o r a t o r y  
and t h e  f i e l d  have been used as t h e  bas i s  
o f  t h i s  e f f o r t .  Even tua l l y ,  we can view 
t h e  o v e r a l l  p i c t u r e  by  c u t t i n g  th rough  t h e  
snowbal l  o f  ideas, hypotheses, and 
r e s o l u t i o n s  t o  fo rm models o f  how t h e  
ecosystem works. As o f  t h i s  w r i t i n q ,  12  
years of cont inuous f i e l d  and exper imenta l  

da ta  have been transformed i n t o  
computer ized f i l e s ,  which a re  now be inq  
used t o  develop models o f  how t he  
Apa lach ico la  Ray system works i n  
comparison w i t h  o t h e r  such systems i n  the  
sou theas te rn  Un i t ed  States.  

The s c i e n t i f i c  work on t h e  
Apa lach i co l a  es tua r y  i s  o n l ~ y  t h e  f i r s t  
s t e p  i n  ou r  understanding of system 
func t i ons .  I n c r e a s i  nq l~y,  humans a re  
hav i ng  an impor tan t  i n f l u e n c e  on n a t u r a l  
aqua t i c  systems. Urban iza t ion ,  
i n d u s t r i a l i z a t i o n ,  and a g r i c u l t u r a l  
a c t i v i t i e s  can l ead  t o  h a b i t a t  
des t r uc t i on ,  p o l l u t i o n ,  and severe 
r e s t r i c t i o n s  on p r o d u c t i v i t y ,  which, i n  
t u rn ,  can be t r a n s l a t e d  i n t o  ve r y  r e a l  
socioeconomic problems. The Apal ach i co l  a  
area i s  a  m u l t i p l e - u s e  system. 
Accord ing ly ,  sound 1 and p l ann ing  and 
p rog ress i ve  resource  manaqement a re  bes t  
c a r r i e d  ou t  w i t h  a  comprehensive base o f  
o b j e c t i v e  s c i e n t i f i c  and economic 
i n f  ormat i on. Wi th  t h e  r e c e n t  
es tab l i shment  o f  the  Apa lach i co l a  R i ve r  
and Bay Na t i ona l  Es tua r i ne  Sanctuary- - the 
l a r g e s t  such sanctuary  i n  t he  na t i on - - t he  
Apa lach i co l a  dra inage system has been 
des ignated b y  law as a spec i a l  area, a  
p l ace  o f  r e f uge  and s h e l t e r  f o r  impor tan t  
aqua t i c  spec ies as w e l l  as humans as 
i n t e g r a l  p a r t s  o f  t h e  ecosystem. As one 
of t he  l a s t  r e l a t i v e l y  n a t u r a l  b i g  r i v e r  
areas i n  t h e  Un i t ed  States,  t h e  h i g h l y  
p r o d u c t i v e  Apal ach i  c o l  a  system i s  smal l  
enough t o  analyze i n  a  comprehensive 
s c i e n t i f i c  f a s h i o n  w h i l e  be ing  ex tens i ve  
enough t o  be used as a n a t u r a l  model f o r  
o t h e r  such areas. The Apa lach i co l a  v a l l e y  
i s  c u r r e n t l y  p a r t  o f  a  ma jo r  experiment t o  
determine whether s c i e n t i f i c  da ta  can be 
t r a n s l a t e d  i n t o  a  comprehensive resource 
management proqram t h a t  wi 1  1  accommodate 
economic development w h i l e  pe rpe tua t i ng  
t h e  n a t u r a l  resources o f  t h e  reg ion .  



SUMMARY 

The r e s u l t s  o f  12 years o f  cont inuous 
f i e l d  s tud ies  and experiments i n  t he  
Apa lach ico la  Ray system are reviewed and 
summarized i n  t h i s  paDer. Inc luded  are 
data concern ing t h e  geoqraphy, h ydroloqy, 
chemistry,  geology, and b i o l o q y  o f  t h e  
Apal ach i co l a  drainage system w i t h  p a r t i c u -  
l a r  emphasis on t h e  e s t ~ ~ a r y  and assoc ia ted  
waters.  

The Apalachico la  Bay system i s  p a r t  of 
a ma jo r  drainage area t h a t  i n c l udes  f ou r  
r i v e r s  and t h e i r  associated wet lands i n  
Georgia, Alabama, and F l o r i d a .  The Bay i s  
a  shal low coas ta l  lagoon f r i nged  by 
b a r r i e r  i s l ands  and dominated by wind 
e f f e c t s  and t i d a l  cu r ren ts .  R i v e r  bottom- 
lands  t h a t  i n c l ude  the channel s, sloughs, 
swamps and backwaters, and p e r i o d i c a l l y  
f looded 1 owlands a re  impor tan t  components 
o f  t h e  system. P r i n c i p a l  i n f l u e n c e s  on 
the  b i o l o g i c a l  processes i n  t h e  es tuary  
a re  t he  physiography o f  the basin, r i v e r  
flow, n u t r i e n t  i npu t ,  and s a l i n i t y  d i s -  
t r i b u t i o n  i n  space and t ime.  Water 
q u a l i t y  i s  a f f e c t e d  by p e r i o d i c  wind and 
t i d a l  i n f luences  and f reshwater  i n f l ows .  

Compared t o  most o f  the e s t u a r i e s  i n  
the  Uni ted States, t h e  Apa lach ico la  Ray 
system i s  i n  a  r e l a t i v e l y  n a t u r a l  s ta te ,  
a1 tbouqh hard1 y  p r i s t i n e .  However, 
economic development and pooul a t i o n  growth 
are beginn ing t o  pu t  pressure upon t he  
reg ion,  t h rea ten i ng  i t  w i t h  des t r uc t i ve  
chanqes. The economic and eco log ica l  
importance o f  t h e  area as a producer o f  
food  and as s h e l t e r  f o r  d i ve r se  species i s  
such t h a t  i t  has i n s p i r e d  a movement t o  
p r o t e c t  i t s  n a t u r a l  resources. Rroadeni ng 
t h e  economic base o f  the r eg i on  w h i l e  
m a i n t a i n i n g  i t s  b i o l o g i c a l  p r o d u c t i v i t y  
w i l l  r e q u i r e  t h e  development o f  a  
comprehensive manaqement p l  an based on t h e  
deepest p o s s i b l e  understanding o f  t he  

bas is  f o r  t h a t  p r o d u c t i v i t y ,  suppor ted by  
ongoing study, c l o s e  mon i to r ing ,  and 
cont inued coopera t ion  f rom l o c a l  
i n t e r e s t s .  

Research e f f o r t s  t o  acqu i re  t h e  
necessary unders tand ing  a re  no t  y e t  com- 
p le te ,  b u t  have nonetheless q iven  r i s e  t o  
one o f  t h e  most ex tens i ve  computer ized 
data bases so f a r  assembled on an es tu -  
ar i ne sys tem. Powerfu l  p roq r  ams f o r  
working w i t h  these da ta  have a l s o  been 
developed; because o f  t h e  extreme com- 
p l e x i  t y  o f  t h e i r  i n t e r p l a y ,  computer 
ana lys is  has been and w i l l  c on t i nue  t o  be 
a p r ima ry  t o o l  i n  understandinq how 
phys i ca l  and b i o l o g i c a l  processes work i n  
the  estuary .  

Rased upon t h e  da ta  ob ta ined  thus  
f a r ,  some e f f o r t s  have been i n i t i a t e d  t o  
preserve and p r o t e c t  impo r t an t  f r eshwa te r  
and es tua r i ne  wet1 ands. I nc l uded  i n  these  
e f f o r t s  a re  t h e  f o l l o w i n a :  

S ta te  and f e d e r a l  1 and-purchase 
programs 

r I n t e g r a t i o n  o f  l o c a l  ( coun ty )  Tand- 
use r equ l  a t i o n s  i n t o  a  comprehensive 
p l an  f o r  new and e x i s t i n g  
development 

e Crea t ion  o f  t h e  Apal a c h i c o l a  R ive r  
and Bay N a t i o n a l  E s t u a r i n e  Sanctuary, 
t h e  l a r g e s t  such sanc tuary  i n  t h e  
country.  

The e f f o r t  t o  manage t h e  Apal a c h i c o l a  
Bay system i s  an amb i t ious  one; o n l y  t ime  
w i l l  t e l l  whether i t  w i l l  be success fu l  i n  
i t s  e f f o r t  t o  p r o t e c t  impo r t an t  w i  1  d l  i f e  
values as t h e  r e g i o n  undergoes economic 
development. 
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CHAPTER 1 
INTRODUCTION (HISTORICAL PERSPECTIVE AND OVERVIEW) 

1.1. GEOGRAPHIC SETTING AND 
CLASSIFICATION 

The Apal achicol  a estuary (Fiqures 
1-3) i s  pa r t  o f  a t r i - r i v e r  system tha t  
inc ludes the Apalachicola River  i n  F l o r i d a  
and the  Chattahoochee and F l i n t  Rivers i n  
Georgia and A1 abama. The Chattahoochee 
River  o r i g ina tes  a t  the  base o f  the 
Appalachian Mountains i n  the  Piedmont 
up1 and, and t raverses three geologic 
provinces: t he  Piedmont, the Appalachian, 
and the  Coastal Pla in.  The F l i n t  R iver  
begins i n  the lower Piedmont Plateau j u s t  
no r th  o f  the f a l l  l i n e  and f lows through 
the  Coastal Pla in.  

The Apalachicola-Chattahoochee-Flint 
( ACF) drainage basin includes an est imated 
48,484 km2 (19,200 mi2)  i n  western 
Georgi a, southeastern Alabama, and 
northern F l o r i d a  (Figure 1). The 
Chattahoochee River  dra ins approximately 

21,840 km2 (8,650 mi2) and t h e  F l i n t  R iver  
dra ins an estimated 21,444 km2 (8,494 
mi2). The Jim Woodruff dam, which forms 
Lake Seminole a t  the confluence o f  t he  
F l i n t  and Chattahoochee r i ve rs ,  
cons t i t u tes  the  headwaters o f  t h e  
Apal achicol  a River. The Apal achicol  a 
River  i s  approximately 171 km (108 m i )  
long, w i t h  a f a i r l y  uniform slope of 0.15 
m/km (0.5 f t /mi) ;  i t  f a l l s  approximately 
12 m i n  i t s  course from Lake Seminole t o  
the Gul f  of Mexico. The Apalachicola 
River  dra ins an area o f  about 2,600 km2 
(1,030 mi2). The Chipola River, which 
j o i n s  the Apalachicola R iver  near i t s  
southern terminus (Figure l ) ,  has a 
watershed equal t o  t h a t  o f  t h e  
Apalachicola. About 3% of the ACF basin 
i s  i n  the Blue Ridge mountains, 38% i n  the  
Piedmont Plateau, and 59% i n  the coasta l  
p l a i n  below the  f a l l  l i n e  (Figure 2). The 
lower coastal p l a i n  i s  nea r l y  f l a t ,  w i t h  
extensive wet1 ands development. 

TRI- RIVER 
SYSTEM 

Figure 1. The t r i - r i v e r  (Apalachicola, Chattahoochee, F l i n t )  drainage area showing 
the  d i s t r i b u t i o n  o f  t h e  i m p o r t a n t  h a b i t a t s  and t h e  p o s i t i o n  o f  key  c i t i e s  and 
m u n i c i p a l i t i e s  w i t h i n  the Apalachicola-Chipola drainage system. 



F i g u r e  2. L o c a t i o n  o f  the t r i - r i v e r  
d ra inage  system i n  the southeastern Un i ted  
S ta tes  showing t h e  r e l a t i v e  pos i t i ons  o f  
up land  features and the Apal achi  c o l  a 
estuary .  

A d e t a i l e d  r e v i e w  of the  dimensions 
o f  t h e  Apa lach i co l a  Bay system (7Qo35'N t o  
29055'N; 84020'W t o  850?01W) (F iqure 3)  i s  
q i ven  by L i v i n q s t o n  (1980a). Th is  system 
i s  composed o f  s i x  m a j o r  subd iv i s ions :  

Eas t  Bay 3,981 ha (9,837 acres) 
Apa lach ico la  Bay 70,459 ha 

( 51,792 acres ) 
S t .  Vincent Sound 5,q40 ha 

(13,689 acres ) 
West St.  Georqe Sound ( t o  Doq I s l a n d )  

14,747 ha (36,&40 acreq) 
East  St. George Sound 

16,016 ha (39,576 acres)  
A l l  i q a t o r  Harbor 1,637 ha 

(4,045 acres) 

The e n t i r e  area t o t a l s  62,879 ha (155,374 
acres) .  A n a t u r a l  shoa l  forms a st~bmerqed 
boundary between Apa l  achi c o l  a Ray and 
S t .  George Sound. The bay i s  bounded on 
i t s  extreme sou thern  end bv th ree  b a r r i e r  
i s l ands :  St. V incen t ,  St. George, and Doq 
I s l and .  There a re  f o u r  na tu ra l  apeninqs 
t o  t h e  gu l f :  I n d i a n  Pass, West Pass, East 
Pass, and a pass between Doq I s l a n d  and 
A1 1 i ga to r  Harbor. A man-made openinq 
( S i k e ' s  Cut) was es tab l i shed  i n  t h e  
western p o r t i o n  o f  S t .  George Is land.  The 

3.6-m- ( 1 2 - f t - )  deep I n t r a c o a s t a l  Waterway 
extends northwestward f rom St.  Georqe 
Sound through Apa lach ico la  Pay, up t h e  
Apalachico la  R ive r  t o  Lake Wimico and then 
along an a r t i f i c i  a1 channel t o  St .  Andrews 
Bay t o  the west. 

The Apal achi  c o l  a es tua r y  i s  a 1 aqoon 
and b a r r i e r  i s l a n d  complex. I t  has been 
c l a s s i f i e d  as a sha l low coas ta l  p l a i n  
es tuary  o r i e n t e d  i n  an east -west  d i r e c t i o n  
(Dawson 1955). Recause o f  t h e  placement 
o f  the  b a r r i e r  i s l a n d  complex, i t  cou ld  he 
c a l l e d  a coas ta l  laqoon. The averaqe 
depth i s  between 7 and 3 m a t  mean low 
t i d e  (Gorsl  i n e  1963). 

I n  terms o f  P r i t c h a r d ' s  (1967) 
es tuar ine  c l a s s i f i c a t i o n  scheme, t h e  
Apalachico la  Bay system i s  a w id th -  
dominated es tua r y  c o n t r o l  l e d  by l una r  
t i d e s  and wind cur ren ts .  As such, i t  i s  a 
type D es tuary  (Conner e t  a l .  1981) i n  
t h a t  i t  i s  dominated by phys i ca l  f o r ces  
( i  .e., t i d a l  cu r ren ts ,  wind)  as a f u n c t i o n  
o f  i t s  shal low depths. As a r e s u l t ,  the  
hay system i s  r e l a t i v e l v  w e l l  mixed, 
a1 though var ious p o r t i o n s  o f  t he  es tua r y  
a re  p e r i o d i c a l l y  (seasona l l v )  s t r a t i f i e d  
( L i v i ngs ton  1984a). 

1.7. DRIVING FORCES AND HUMAN INFLUENCE 

The p r i n c i p a l  d r i v i n q  f o r ces  t h a t  
determine t h e  h a b i t a t  s t r u c t u r e  and 
b i  o l o g i  ca l  processes of the  e s t u a r y  are 
r i v e r  f low, physiography o f  t he  basin, 
seasonal changes o f  n u t r i e n t s ,  and 
s a l i n i t y  as mod i f i ed  by  wind, t i d a l  
influences, and f reshwate r  i n f l ows .  T i d a l  
in f luence extends approx imate ly  40 km (25 
m i l es )  up t h e  r i v e r .  As a b i o l o g i c a l  
e n t i t y  (Odum e t  a l .  1q74), t h e  e s t u a r y  
(which inc ludes  East Ray, Apal ach i co l a  
Ray, S t .  V incent  Sound, and western 
po r t i ons  of S t .  George Sound), i s  
charac te r i zed  by up land marshes t h a t  grade 
i n t o  soft-sediment areas, vegetated 
shal low bottoms, and oys te r  r ee f s .  The 
o l i q o h a l i n e  East Ray merqes w i t h  
mesohaline and ~ o l  yhal i n e  p o r t i o n s  of 
Apalachico la  Ray, St. V incen t  Sound, and 
St. Georqe Sound. 

The Apa lach ico la  R ive r ,  t h e  l a r g e s t  
i n  F l o r i d a  i n  terms of f low,  i s  t he  
p r i n c i p a l  source of f r e s h  water t o  t h e  
estuarv .  The average f l o w  r a t e  i s  about 



665 m3 sec - l  (73,cOO f t "  s p c - l )  meaq:lred 
a t  Qlountstown, F l o r i d a .  Yau i~ t rm and 
minimum ciischaraes over t h e  pas t  1~  years 
a re  8,600 m3 sec - I  (162,K00 c f s )  and 17': 
rn3 sec - I  (4 ,780 c fs ) ,  r e S p e c t i v e l v .  The 
r i v e r  and, secondari  1  Y, l o c a l  
.'etermine t he  d i s t r i b u t i o n  of sa l  i n i t "  i n  
t h e  estuarv .  The placement o f  the h a r r i e r  
i s l a n d s  a lso  has a  maior  i n f l u e n c e  on the 
s a l i n i t y  reqime of the e r t u a r v  ( L i v i n q s t o n  
1979, 1984a). The i s l a n d s  l i m i t  the 
ou t f l ow  of t h e  l o w - s a l i n i t v  water  t o  t i le 
ou te r  Gulf  of Mexico. 

The Aoal ach i co l  a  bas i  n occt~pie.; tbe 
1  a s t  sparse ly  i n h a b i t e d  and undeveloped 
dra inaqe svstem and c o a s t a l  r e n i o n  i n  
F l o r i d a  ( L i v i n q s t o n  1Q83a, k, c ) .  
F r a n k l i q  County, w i t h  a  p o ~ u l a t i o n  o f  o n l v  
0,403 i n  1974, encompasses t h e  lower r i v e r  
and bay svstem. F o r e s t e d  up1 nnds, 
wet lands, and aqua t i c  h a b i  t a t s  comprise 
most o f  the l and  area i n  F rank1  i n  County. 
The l o c a l  pconomv i s  based l a r q e l y  on the 

c o o r t  and commercial f i s h e r i e s  of t h e  
Apa lach icn la  R i ve r  and s  ys tem. 
nccord ing  t o  recen t  estima::: ( F l o r i d a  
nepartlnent o f  Admini s t r a t  i o n  1077), 
commerci a1 f i shinq, r ec rea t i on ,  f o r e s t r y  
and t imber  process ing,  a q r i c u l  t u r e ,  and 
1 i q h t  manu fac t~ r r i nq  c h a r a c t e r i z e  t h e  
r eq i ona l  economv o f  t he  e n t i r e  
Apal ach i co l  a  bas in .  The human p o p u l a t i o n  
of  the .;ix coun t ies  a lonq t h e  r i v e r  has 
grown s l o w l y  s ince  1960, i n c r e a s i n g  o n l v  
7% ( f rom 101,783 t o  109,754) from 1960 t o  
1974. S ta te  qovernment i s  a ma jo r  
emolover i n  t h e  req ion ,  w h i l e  i n d u s t r i a l  
o r  commercial land use i s  con f i ned  t o  o n l y  
n.7% of t he  bas i n  area. 

The Apa lach ico la  dra inaqe system i s  
one o f  t he  l e a s t  p o l l u t e d  i n  t h e  c o u n t r y  
( L i v i n g s t o n  1974a, h, 1077a-d, 1078, 1079, 
1Q80a-c; L i v i  nqston and Thompson 1975; 
L i  v i  nqston and Ouncan 1979; L i v i  nas ton  e t  
a1. 1974, 1976a, h, 1977, 1978). Some 
o rob l  ems, however, have emerqed i n  r ecen t  
vears ( L i v i  nqs t on  lQ83d) .  

F i gu re  3 .  D e t a i l e d  f e a t u r e s  o f  the Apa lach ico la  Bay system i n c l u d i n g  t he  major  c o n t r i -  
b u t i n g  drainages, t he  b a r r i e r  i s l a n d  complex, and the major  passes i n  the  bay complex. 
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1. 4 13, 352-ha (33,000-acre) c a t t l e  
ranch was e s t a b l  ished i n  t h e  Apal ach i co l  a  
R ive r  f l o o d p l a i n  about 9-10 km ( 6  m i )  
above t h e  bay .  ~ u c h  of the area was 
cleared, d i t c h e d ,  and drained, w h i l e  waste 
water was Pumped over t he  dikes i n t o  the  
r i v e r  system. The p o t e n t i a l  impact of 
t h i s  o p e r a t i o n  i s  under s tudy and review, 
a1 thouqh f a r m i n g  has continued, and water 
q u a l i t y  has d e t e r i o r a t e d  i n  some of the 
up1 and c reeks .  

?. P o r t i o n s  of the drainaqe system 
have h i  s t o r i  tally been subjected t o  
f o r e s t r y  o p e r a t i o n s ,  which i nc l ude  
d i t ch i ng ,  d r a i n i n q ,  c l ea r cu t t i ng ,  and 
r e f o r e s t a t i o n .  These a c t i v i t i e s  have been 
assoc ia ted  w i t h  l o c a l  chanqes i n  water 
qua1 i t y  and s h o r t - t e r m  adverse ef fects  on 
aqua t i c  b i  o l o q i c a l  assoc ia t ions  
( L i v i nqs ton  1978). A long-term 
mu1 t i d i s c i p l  i n a r y  s tudy has . jus t  been 
completed b y  t h e  F l o r i d a  Sea Grant Col lege 
( L i v i nqs ton  1983c)  a long w i t h  proposed 
management p r a c t i c e s  which are designed t o  
mi t i q a t e  a d v e r s e  impacts. 

3. R e c e n t  popu la t ion  increases a lonq 
t h e  n o r t h  F l o r i d a  coast have s t ressed 
reg i ona l  c o a s t a l  count ies i n  terms of 
munic ipa l  development,  sewage d isposal ,  
and storm w a t e r  runoff  ( L i v i nqs ton  lqS3d). 
The r e c o g n i t i o n  of such p o t e n t i a l  impact 
has l e d  t o  t h e  development o f  r e l a t i v e l y  
advanced l o c a l  1  and use plans such as t h a t  
adopted b y  F r a n k l i n  County i n  1981 
( L i v i n q s t o n  1980a, b, 1 9 8 3 ~ ) .  
Implementat i o n  of t he  comprehensive p l an  
has not been c a r r i e d  out, however. Dur ing 
1q84, sewage s o i l  1s c losed down t h e  
Apa lach ico la  o v s t e r  i n d u s t r y  f o r  prolonged 
periods. Meanwhi le,  proposals t o  b r i n g  
h igh-densi  ty  c o n s t r u c t i o n  pro.jects t o  
coas ta l  a reas  of F r a n k l i n  Countv have 
pro1 i f e r a t e d .  

4. A c o n t i n u i n g  problem i n  the  
r e g i o n  i n v o l  v e s  proposals  t o  e i t h e r  
channel ize o r  dam the  Apalachico la  R i ve r  
t o  make a  c o r r i d o r  f o r  barge t r a f f i c  and 
i n d u s t r i  a1 development . These 
developments waul serve as a  nor th-south 
l i n k  between u p r i v e r  ~ o r t s  on t he  
Chattahoochee and F l i n t  R ive rs  i n  Alabama 
and Georg ia  and t he  Gulf o f  Mexico. 
A u t h o r i z a t i o n  f o r  a  maintained channel 
(30.5 m o r  100 f t  wide, ?.7 m o r  8.8 f t  
deep) by t h e  U . S .  Army Corps o f  Engineers 

(USACE) was p a r t  o f  the  amended R i v e r s  and 
Harbor Act  o f  1946. A system o f  13 dams 
i s  a l ready  i n  p l ace  on t he  Chattahoochee 
R iver  and t h ree  dams are c u r r e n t l y  i n  use 
on t h e  F l i n t  R ive r  (F i gu re  4 ) .  Assoc ia ted 
w i t h  these a c t i v i t i e s  are a  s e r i e s  o f  
barge te rmina l  f a c i  1  i t i e s  and o f f  l o a d i n q  
systems. Rock ou tc rops  i n  t h e  
Apal ach i  co 1  a  R i ver  have been removed as 
p a r t  of ongoing, ex tens ive  d redg ing  and 
channe l i za t ion  o f  t h e  r i v e r .  Superimposed 
over these a c t i v i t i e s  i s  t h e  i n c r e a s i n g  
munic ipa l  water use i n  areas such as 
A t lan ta ,  Georgia, where sus ta i ned  
popu la t ion  growth cou ld  reduce water  f l o w  
i n  t h e  t r i - r i v e r  system i n  t h e  near 
f u t u re .  
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F igu re  4. D i s t r i b u t i o n  o f  impoundments 
a long t h e  t r i - r i v e r  system ( a f t e r  
i n f o rma t i on  p rov ided  b y  t h e  U.S. Army 
Corps o f  Engineers ) . 



5. Past s t ud i es  on p e s t i c i d e  
d i s t r i b u t i o n  i n  t he  e s t u a r y  ( L i v i n g s t o n  
and Thompson 1975; L i v i n q s t o n  e t  a l .  1978) 
have i n d i c a t e d  r e l a t i v e 1  y  low l e v e l s  o f  
o rganoch lo r ine  con tamina t ion  i n  t h e  
Apa lach i co l a  Bay system by t h e  mid 1970's. 
Winger e t  a l .  (1984) found t h a t  b i o t a  f rom 
t he  Apa lach i co l a  R i ve r  had modera te ly  h i g h  
l e v e l s  o f  t o t a l  DDT, t o t a l  PCB's, and 
toxaphene i n  1978. Animals f rom t h e  upper 
r i v e r  had h i ghe r  o rgan i c  res idues  than 
those taken  i n  t he  lower  r i v e r .  Such 
1 eve 1  s exceeded recommended permi s s i  b l  e  
l e v e l s  f o r  t h e  p r o t e c t i o n  o f  aqua t i c  l i f e .  
A  r ecen t  r ev i ew  o f  t h e  heavy-metal 
d i s t r i b u t i o n  ( L i v i n g s t o n  1P83d; L i v i n g s t o n  
e t  a l .  1982) i n d i c a t e s  l o c a l  increases of 
meta ls  i n  t h e  sediments and b i o t a  o f  Lake 
Seminole, p a r t s  o f  t h e  Ch ipo la  drainage, 
and areas i n  t h e  bay system t h a t  r ece i ve  
mun ic ipa l  r u n o f f .  These increases are due 
t o  l o c a l  p o i n t  sources such as b a t t e r y  
r e c y c l  i ng opera t ions  (upper Chi po l  a), 
i n d u s t r i  a1 sources i n  Georgia, marinas, 
and mun i c i pa l  o u t f a l l  s. Winger e t  a1 . 
(1984) f ound  meta l  res idues  i n  r i v e r i n e  
organisms g e n e r a l l y  below 1 pg g-l. A 
recen t  a n a l y s i s  of da ta  on long- term 
moni t o r i n g  o f  t h e  meta l  concen t ra t ions  i n  

oys te r s  (Crassost rea v i r g i n i c a )  i n  t h e  
es tua r y  ( F l o r i d a  Department o f  Na tu ra l  
Resources, personal  communicati on) 
i n d i c a t e s  no undue inc reases  o f  such 
meta ls  i n  s h e l l f i s h  over  t h e  p a s t  decade. 

5 .  Dredginq and s p o i l  placement take 
p lace  i n  t h e  Apa lach i co l a  R i v e r  and Rav 
system ( L i v i  nqston 1984a). These 
opera t ions  a re  be ing  rev iewed b v  t h e  
F l o r i d a  Department o f  Env i ronmenta l  
Regu la t ion  (S. Lei tman e t  a l .  1982). The 
immediate impact o f  long- term dredge and 
s p o i l  a c t i v i t i e s  on t h e  e s t u a r v  i s  q iven  
by  L i v i n q s t o n  (1984a). 

In summary, t h e  Apal ach i co l  a  dra inaqe 
bas i n  i s  c u r r e n t l y  l i g h t l y  ~ o ~ u l a t e d  w i t h  
an economi c  system dominated by  renewable 
n a t u r a l  resources. However, over  t h e  nex t  
few decades, the essen t i  a1 1  v  r u r a l  economv 
w i l l  p robab l y  q i v e  way t o  more energy- 
dependent i n d u s t r i  a1 and urban 
development, which m iqh t  lead  t o  inc reased  
s t r e s s  on t he  n a t u r a l  system due t o  
growi nq popu la t i on  pressure, r e s i  d e n t i  a1 
development, a g r i c u l t u r a l  a c t i v i t i e s ,  
t o x i c  waste d isposa l ,  e ros i on  and 
sedimentat ion, and a1 t e r a t i o n  of t he  
phys i ca l  s t r u c t u r e  o f  t h e  dra inage bas in .  



CHAPTER 2 
ENVIRONMENTAL SETTING 

3.1. ORIGIN AND EVOLUTION OF THE ESTUARY 

?. 1.1. G e o l o q i  c a l  Time Frame 

The physi r l g r a o h i c  s t r uc tu res  of most 
es tua r i es  a r e  ephemeral i n  terms of 
qeo log i ca l  t i m e .  C l ima to l oq i ca l  forces 
a re  c o n t i n u o u s l y  a t  work shapinq and 
reshapi  nq t h e  bas in  features.  
C h a r a c t e r i s t i c s  o f  the Apa lach ico la  
es tuary  a r e  dependen t  on t he  i n t e r a c t i o n  
of an up land d r a i n a q e  system w i t h  o f fshore 
marine c o n d i t i o n s ,  The es tuary  i s ,  i n  
ef fect,  an e x t e n s i o n  o f  the upland r i v e r  
o r  dra inaue a r e a ,  and i t s  o r i q i n  and 
e v o l u t i o n  a r e  i n e x t r i c a b l y  l i n k e d  t o  t h e  
dynamic g e o l o q i  c a l  h i s t o r v  of the land/sea 
i n t e r a c t i o n .  

approx imate ly  77.5 km (14 m i )  n o r t h e a s t  o f  
Apal ach ico la ,  F l o r i d a .  These i s l a n d s  were 
loca ted  i n  what i s  now the  T a t e ' s  H e l l  
Swamp (F iqure  1). The genera l  dimensions 
o f  the Apalachico l  a  va l  l e v  as we see them 
today were es tab l i shed  i n  t h e  P le is tocene .  

The maior drainages of t he  F l o r i d a  
panhandle (which inc ludes  the  Apal ach i co l a  
drainaqe system) a re  a l l u v i a l  i n  t h a t  t hey  
c a r r y  sediment loads t h a t  e v e n t u a l l y  end 
up i n  the  coas ta l  es tua r i es  (F iqures  1, 
5 ) .  The geo loq i ca l  s t r u c t u r e  o f  the  
Apa lach ico la  R i ve r  es tua r y  i s  o f  r lecent 
and P le is tocene  o r i q i n .  Marine sediments 
comprise a major phys i ca l  f e a t u r e  of the  
req ion.  The Apa lach ico la  e s t u a r y  i s  
bounded by we1 1 -developed beach- r i  dqe 

The A o a l a c h i c o l a  R ive r  i s  t h e  o n l y  
drainage a r e a  i n  F l o r i d a  t h a t  has i t s  
o r i g i n  i n  t h e  Piedmont ,  which, as w i l l  be 
expla ined l a t e r ,  i s  of b i o l o g i c a l  
importance to t h e  reqion. The geo log ica l  
h i s t o r y  o f  t h i s  area i s  w e l l  known i n  
general terms.  Rv t h e  Cretaceotls pe r i od  
(about 135 m i  11 i n n  years ago), most o f  t h e  
t r i - r i v e r  va? l e y  was submerged under 
anc ient  seas ( T a n n e r  1962). The o r i q i n  o f  
tbe  A p a l a c h i c o l  a R i v e r  or  i t? antecedents 
occurred some t i m e  i n  the Yiocene epoch 
about 25 mi  11  i o n  Years ago ( W .  F. Tanner, 
F l o r i d a  S t a t e  I f n i v e r s i t y ,  Pers. comm. ). 
There has been a gradual dec l ine  i n  sea 
l e v e l  t h rough  Cenozoic  t ime (70 m i l l i o n  
vears aqo t o  p resen t ) ;  sea l e v e l  has 
dropped an e s t i m a t e d  70-100 m from t he  
midd le  of the Miocene (Tanner 1968). 
Olsen (1968) g i  v e s  evidence t h a t  the  uDper 
Apa lach ico la  R i v e r  bas in  ( t he  area around F i gu re  5. The Apa lach i co l a  e s t u a r y  w i t h  
Slountstown, ~ l o r i ( f a ;  F iqure  1) was a d e t a i l s  o f  upland dra inage areas and t h e  
r le l  t a i c  o r  c o a s t a l  environment dur ing  t h e  placement o f  permanent sampl i n g  s i t e s  f o r  
Miocene. R Y  t h e  P le is tocene  epoch (1 t h e  long-term f i e l d  s t u d i e s  o f  t h e  F l o r i d a  
mi 11 i on  yea rs  ago) 9 the re  was evidence o f  S ta te  U n i v e r s i t y  research  team ( a f t e r  
an arcuate c h a i n  of b a r r i e r  i s l ands  L i v i n g s t o n  e t  a l .  1974). 
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p l a i n s  of l a t e  Holocene o r i q i n  (Ferr la ld  
1981). The l i n e a r ,  q e n t l v  c t l r v i nq  beach 
r i dges  of t h e  area a t t e s t  t o  the chanqes 
i n  o r i e n t a t i o n  of t he  e s t u a r v  thro l lqh 
aeo log ica l  t ime i n  resoonse t o  wide 
f l u c t u a t i o n s  of sea l e v e l .  The 
Apa lach ico la  es tua r v  i s  p a r t  o f  a  broad, 
sandv shore p l a i n ,  wh ich  i s  c o n s t a n t l v  
be inq chanqed bv a  combinat ion of 
c l  ima to l oq i ca l  elements s ~ i c h  as wind, 
r a i n f a l l  and sea l e v e l  a l t e r a t i o n s .  The 
  resent s t r u c t u r e  of t h e  bay i s  around 
10,000 years o l d  (Tanner 1983). Sea l e v e l  
reached i t s  modern p o s i t i o n  about 5000 
vears aqo when t h e  c o n s t r u c t i o n  o f  the  
present  h a r r i e r  i s 1  and c h a i n  was underway. 
Fxceot f o r  t h e  southward m i q r a t i o n  o f  the  
d e l t a  f r o n t ,  the genera l  o u t l i n e  o f  the  
bav svstem was e s t a b l i s h e d  a t  t h i s  t ime 
(Tanner 1983). 

7.1.7. Geomorpholoqy and Regional  Geoloqv 

a. Up1 and areas. The major 
format ions i n  t h e  upper Chat t ahoochee 
R iver  svstem are  u n d e r l a i n  bv iqneous 
rocks and c r y s t a l l i n e  s c h i s t s .  The area 
i s  cha rac te r i zed  bv T e r t i  a r v  l imes tone  
outcroppinqs, which add t o  the  h a b i t a t  
d i v e r s i t y  o f  the  r eq i on  (F i qu re  6 ) .  The 
lower d i v i s i o n  o f  Piedmont up1 and, de f i ned  
as t he  Ope l i ka  Plateau, i s  u n d e r l a i n  by 
Archean ( i  e . ,  Precambr ian)  rocks. 
T r i b u t a r i e s  o f  t he  Chattahoochee R iver  
have subsequent1 y eroded t hese  fo rmat ions  
w i t h  some v a l l e y s  cu t  app rox ima te l y  67 m 
(700 f t )  below t h e  qenera l  sur face.  The 
rocks o f  t he  Appalachian p rov i nce  pass 
under the Coastal  P l a i n  f o rma t i ons .  Alonq 
the  border between t h e  Appal achi  an 
p rov ince  and the  Coas ta l  P la in ,  
Appalachian rocks a r e  over1 a i n  by 
Cretaceour format ions.  These rock5 are 
more deeply  b u r i e d  by T e r t i a r y  and 
Quate rnary  sediments f u r t h e r  nor th .  The 
Coastal  P l a i n  i s  covered w i t h  a  t h i c k  
l a yer o f  c l  as t i c ( e r o s  i on produced) 
sediments as w e l l  as l imes tone  
(nonc l  a s t i c )  sediments, some of which mav 
be c r y s t a l  1  i ne. 

Adams e t  a l .  (1926) have presented a  
de ta i  1  ed account o f  t h e  Paleozoic ,  
Mesozoic, and Cenozoic format ions in 
Alabama, which i s  qenera l  1y appl i c a h l e  t o  
t he  Apal ach i co l a  va l l e y .  The Cenozoic 
formations are conf ined t o  the  Coasta l  
P l a i n  and represen t  d e p o s i t s  a t  t h e  bottom 

o f  an anc ien t  sea, which c o n s i s t  of sand, 
c lay ,  mud, o r  ca lcareous ooze. F o s s i l  
marine m o l l  usks and echinoderms are 
i n t e r spe rsed  w i t h  remnants of f o s s i l  
p l a n t s  f rom f l o o d  p l a i ns ,  marshes, and 
swamps. P l e i s t ocene  marine sands and 
c l ays  o v e r l i e  o l d e r  formations a lons  t he  
coast,  and e s t u a r i n e  and f l u v i a l  depos i t s  
extend up t h e  main r i v e r  va l l e y .  Swamps 
immediate1 y up land of the  Apa lach ico la  
e s t u a r y  are unde r l a i n  by qua r t z  sand 
(Rrenneman and Tanner 1958). 

...... ....... .,,........ Tertiary .*...-....... .:.:.:.:.:.:. l i me s to  n e 

F igu re  6. Geo log ica l  f e a t u r e s  of the 
Apal ach i  c o l a  dra inage system showing ( A )  a  
l i n e  n o r t h  and west o f  which t h e r e  are 
t h i n  patches o f  T e r t i a r y  l imestone near 
t h e  l and  sur face  and (B)  a  l i n e  beyond 
which t h e  l imes tone  th ickens  and i s  more 
deep ly  bur ied.  The top  o f  t h e  T e r t i a r y  
l imes tone  i s  shown i n  f e e t  below sea 
l eve l ,  w h i l e  T e r t i a r y  l imestone t h a t  
occurs i n  o r  near t h e  l and  sur face  i s  a l so  
o u t l i n e d  (mod i f ied  f rom Means 1977). 



The c o a s t a l  geomorpholoqy of t h e  
Apal a c h i c o l  a r e q i o n  i s  extreme1 v complex; 
major f e a t u r e s  are developed from wind and 
cu r ren t  mod jf i ed beach r idges  (Clewel 1  
1977). These formations are compl i cated 
by  c o n s i d e r a b l e  P le is tocene  sea- leve l  
f l u c t u a t i o n s ,  The nor thern  qu l f  coas ta l  
lowlands a r e  dominated by Pl iocene epoch 
marine sands, The f lood  p l a i n  o f  Holocene 
( recent  ) sediment  reaches depths 
app rox ima t i ng  24.3 m (80 f t )  near t h e  
r i v e r  mouth and 13.7 m (45 f t )  near 
Blountstown, F l o r i d a  (F igure 1). These 
sediments l i e  d i r e c t l y  on Miocene s t r a t a  
because much of the Pl iocene and 
P le i s t ocene  sediments  were eroded du r i ng  
per iods when s e a  l e v e l  was lower and r i v e r  
f low was q r e a t e r .  The sea l e v e l  
a p p r o x i m a t e l y  20,000 years aqo was over 
125 m ( 4 1 0  f t )  lower than t h a t  found 
today, and t h e  coast1 ine  was cons iderab ly  
seaward of i t s  cu r ren t  pos i t i on .  

The F l o r i d a  panhandle i s  an uneven 
p l a t f o r m  o f  carbonate bedrock ( 1  imestone 
w i t h  d o l o m i t e )  o v e r l a i n  by one o r  more 
l aye r s  o f  l e s s  consol idated c l a s t i c s  
(F igure  6, Pur i  and Vernon 1964; Clewel l  
1978). S u p e r f i c i a l  s t r a t a  are o f  Eocene, 
Ol igocene or e a r l y  Miocene o r i g i n .  
Cons iderab le  s o l u t i o n  a c t i v i t y  has l e d  t o  
t he  f o r m a t i o n  of sinks, caves and o ther  
k a r s t  f e a t u r e s  (Means 1977). The c l a s t i  cs 
cons i s t  o f  F u l l e r ' s  ea r t h  ( p r i m a r i l y  t h e  
c lays  m o n t m o r i l l  i n i t e  and a t t a p u l q i  t e ) ,  
phosphat ic  m a t r i x ,  sand, s i  1  t, c lay,  she1 1 
marl, g r a v e l ,  rock fragments, and f o s s i l  
remains. The c l a s t i c s  w i t h  s h e l l  marl are 
sediments of anc ient  shal low seas and 
es tuar ies .  Va r i ous  c l a s t i c  s t r a t a  were 
deposi ted d u r i n c l  the  e a r l y  Miocene, w h i l e  
o thers  were f l u v i a l  and aeol ian deeosi ts  
o r  sediments  i n  l a ke  bottoms. These 
c l a s t i c s  f o r m  t e r r aces  s l op i nq  toward t h e  
Gul f .  Such  te r races  are a l t e r e d  by 
e ros ion  and  d i s s e c t i o n  by streams and 
r i  vers . I n  s p i t e  o f  va r ious  
pos t -P l e i  s t o c e n e  sea- l e ve l  f 1 uctuat ions,  
e l eva t i ons  i n  t h i s  area have changed l e s s  
than 10 m as a r e s u l t  o f  erosion, 
depos i t i on ,  a n d  sedimentation. Dunes, 
sp i t s ,  ba rs .  and beach r i dqes  became 
stranded i n l a n d  as the sea receded. 

b. Soi 1s  and sediments. The 
Apa lach i co l a  R i v e r  f l oodp la i n  l i e s  who l l y  
w i t h i n  t h e  F l o r i d a  Coastal P l a i n  and i s  i n  
contact  w i t h  Tam~a Limestone ( e a r l y  

Miocene). The r i v e r  j u s t  below t h e  J im 
Woodruff Dam f lows  through t h e  C i t r o n e l  l e  
f o rma t i on  (P 1 iocene)  t h a t  borders t h e  
western edge of t h e  P le i s t ocene  bed f rom 
16 t o  20 km below t he  dam t o  Blountstown. 
The eas te rn  p o r t i o n  of t h e  r i v e r  i s  
i n f l uenced  by  the Hawthorn f o r m a t i  on 
( F u l l e r ' s  e a r t h  and phosphat ic  1  imestone) 
and D u p l i n  mar l  (sandy mar ine and clayey, 
micaceous s h e l l  mar l ) .  The c l a y s  i n  
p a r t i c u l a r  and f i n e  sands cause 
cons iderab le  t u r b i d i t y .  The r i v e r  bed i s  
composed p r i m a r i l y  of remnants o f  
P le is tocene  deposi ts  (sand t o  coarse 
g r a v e l )  t h a t  are covered by  f i n e  c l a y  
sediments. The lower r i v e r  v a l l e y  i s  
composed l a r g e l y  of P l i o -P le i s t ocene  
mar ine sands, which l i e  over t h e  A u c i l l a  
Ka rs t  P la in ,  the Jackson B l u f f  format ion,  
and t he  lower p a r t  of t h e  C i t r o n e l l e  
format i on. 

Up1 and s o i  1  composi t ion r e f  1  e c t s  t he  
geo log ica l  h i s t o r v  o f  t h e  Apal a c h i c o l a  
v a l l e y .  S o i l s  i n  t he  t i t i  swamps and 
savannahs o f  the  Apal ach i co l  a  Na t i ona l  
Fores t  are s t r o n q l y  a c i d i c  and low i n  
e x t r a c t a b l e  ca t ions  (M0one.y and P a t r i c k  
1915; Coultas 1976, 1977, 1980). T o t a l  
phosphorus i s  low i n  a l l  s o i l s  o f  t h e  
basin. Cypress and gum swamps a re  a l so  
h i g h l y  a c i d i c  and low i n  e x t r a c t a b l e  
bases, w h i l e  more a l l u v i a l  s o i l s  a re  l e s s  
ac i d i c .  Es tuar ine  marsh s o i l s  are r e l a -  
t i v e l y  h i gh  i n  o rgan ic  mat te r ,  e s p e c i a l l y  
a t  t h e  r i v e r  mouth. These s o i l s  are 
de r i ved  l a r g e l y  f rom t h e  e ros i on  of t he  
no r t he rn  Piedmont-Appalachian s o i l s ,  which 
have been deposi ted on t h e  sea f l o o r  and, 
a t  t imes, have been u p l i f t e d  above sea 
l eve l .  F l oodp la i n  s o i l s  are composed o f  a  
broad ranqe of t ex tu res  and co l o r s .  They 
a re  predominant lv  c l a y  w i t h  some s i l t y  
c l a y  and minor  c l a y  loams (Le i  tman, 1978). 
Po in t  bars i n  the  r i v e r  bed a re  composed 
l a r g e l y  o f  f i n e  and very  f i n e  sands. 

S o i l s  i n  wet1 ands d i r e c t l y  assoc ia ted  
w i t h  the Apa lach ico la  R i ve r  have been 
analyzed. Swamp s o i l s  a re  wet, moderate ly  
ac i d i c ,  h i gh  i n  c l a y  content ,  and low i n  
s a l i n i t y  (Coul tas i n  press) .  The p r i n c i -  
p a l  cl ay-s i  zed minera ls  i n c l ude  kao l  i n i  te,  
ve rm i cu l i t e ,  quartz,  and mica. These 
areas are p o o r l y  d ra ined  and c o n t a i n  
cons iderab le  amounts o f  c l a y  and o rqan i c  
mat ter .  The s o i l s  are formed from recen t  
accumulat ions of sediments depos i ted  i n  



stream channels and e s t u a r i n e  meanders. 
The pH values ranqe from 4.0 t o  6.6. 

Stud ies  o f  t he  marshes ahove East  Say 
(Cou l tas  1980; Coul tas and Gross 1975) 
i n d i c a t e  t h a t  t h e  d e l t a i c  s o i l s  are 
s l i q h t l y  a c i d i c  and become a l k a l i n e  w i t h  
depth. The dense mats o f  r o o t s  and 
r h i  zomes from t he  predomi nan t  sawarass 
(Cladium jamaicense) and needlPrush 
( Juncus roemeri  anus) a1 onq t h e  eas te rn  
p o r t i o n s  of the es t i ra rv  t e n d  t o  h o l d  t he  
s o i l s  i n  place. The s o i l s  a re  composed o f  
t h i n  o rqan i c  depos i t s  m ixed  w i t h  c l a y  and 
o v e r l i e  loamv sands of f i n e - t e x t u r e d  
m a t e r i a l s .  Considerable amounts o f  s i l t  
occur i n  sorne s o i l s ,  and most have poor 
1  oad-heari nq -capac i  t v  because o f  the  h iqh  
o rqan i c  content  and h i q h  f i e l r l  mo is tu re  
l e v e l s .  Vegetat ion d i f f e rences  are 
a t t r i b u t e d  t o  so i  1  s a l t  con ten t .  'iawarass 
i s  dominant i n  areas most a f f e c t e d  by 
r i v e r  f l o w  (i.e., w i t h  l o w  s a l i n i t v ) ,  and 
needlerush i s  predominant i n  t i d a l  areas 
( i  e . ,  those w i t h  h i q h e r  s a l i n i t y )  
(Coul t as  1980). 

Yediments i n  t h e  e s t u a r y  are 
cha rac te r i zed  bv m i x t u res  o f  sarld, s i  1  t, 
and she1 1  components ( L i  v i  nqs ton  1978). 
Present  sediments are accumul a t i n q  over 
t e r t i  a r v  l imestones and m a r l  s  t h a t  ou tc rop  
i n  t h e  scoured c e n t r a l  channels  o f  West 
Pass and I n d i a n  Pass. 'it. Vincent  Ciound 
and no r t he rn  p o r t i o n s  o f  Apa l  ach i co l  a Bav 
a re  s i l t y  areas t h a t  qrade i n t o  s a n d / s i l t  
and s h e l l  q rave l  toward S t .  Georqe Tqland. 
The t h i c kness  o f  these sediments  (10-70 m) 
(Go rs l i ne  1963) mav be t h e  r e s u l t  of 
e ros i on  o f  o l de r  d e l t a i c  depos i t s  du r i nq  
pe r i ods  of h igher  sea l e v e l .  East Ray i s  
composed o f  s i l t y  sand and sandy s h e l l .  
Areas near t he  r i v e r  mouth have va r y i nq  
q u a n t i t i e s  o f  woody d e b r i s  and leaf  
mat te r ,  especi  a1 1  y  d u r i  nq w i n t e r  and 
s p r i n g  months o f  heavy r i v e r  f l ood inq  
( L i v i n q s t o n  e t  a l .  1976a). The f l o o r  of 
t h e  hay i s  thus formed l a r q e l v  of qua r t z  
sand w i t h  a  t h i n  (bu t  v a r y i n q )  cover of  
s i l t ,  c lay,  and deb r i s  rfependinq on the  
u r o x i m i t y  t o  land  r u n o f f .  

The es tua r i ne  sediments o r i g i n a t e d  i n  
t h e  southern Appalachians and have 
undergone a  complex h i s t o r y  of depos i t i on  
and rework inq  i n  t h e  coas ta l  p l a i n  
depos i t s ,  coas ta l  marshes, beaches, and 
dunes. F ine  sediments f l o w  o u t  of t he  bay 

i n t o  the  G u l f  o f  Mexico w h i l e  sand i s  
moved by t i d a l  c u r r e n t s  w i t h i n  t h e  bay and 
a t  the  mouths o f  the  wes te rn  i n l e t s .  The 
cusp o f  the  A ~ a l a c h i c o l a  Ray c o a s t l i n e  has 
been b u i l t  hy r i v e r  sediments depos i ted  
d u r i  nq T e r t i a r y  and P l e i s t o c e n e  t imes  w i t h  
m o d i f i c a t i o n  bv waves and 1  onq-shore 
d r i f t .  P u r i  and Vernon (1964) and C lewe l l  
(1978) have made a  d e t a i l e d  rev iew o f  t h e  
qeol o q i c a l  format i ons and s o i  1  
d i s t r i b u t i o n  i n  the  req ion .  

?. 1.7. Watershed C h a r a c t e r i z a t i o n  

Numerous ph ys i  o q r a ~ h i  c, qeo loq i  ca l ,  
and b ioqeoqraphic  f e a t u r e s  c o n t r i b u t e  t o  
t he  b i o t i c  r i chness  o f  t h e  Apa lach i co l a  
d r a i  naqe svs tern ( r l e w e l l  1477; Means 
1477). Whi le  t he  Aoa lach i co l a  bas i n  
(F i gu re  7) l i e s  e n t i r e l y  w i t h i n  t h e  
Coastal  P la in ,  i t  i s  subd iv ided  i n t o  upper 
and lower r e q i  ons; t h e  Marianna low1 ands, 
New Hope Ridqe, Ta l lahassee  H i l l s  and 
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F igu re  7. Na tu ra l  areas of t h e  
Apa lach ico la  bas in  based on t he  
physiography, vege ta t i on  types, r e g i o n a l  
geography, and d i s t r i b u t i o n  o f  organisms 
( a f t e r  Means 1977). 



Beacon Slope a r e  p a r t  of t he  ~ u l f - A t l a n t i c  
r o l l i n g  p l a i n ,  w h i l e  the  lower coas ta l  
lowlands are p a r t  of t he  Gu l f -A t l an t i c  
Coastal F l a t s  (H. M. Leitman e t  a l .  1982). 
The drainage s y s t e m  conta ins streams of 
var ious types, w h i c h  range f rom f i r s t -  
order  r a v i n e  s t r e a m s  (Means 1977) t o  t h e  
h iqher  o rder  1  ow-gradient, meanderi nq 
types. The l a t t e r  con ta in  h igh orqanic  
a c i d  l e v e l s  i n  t h e  flatwoods o r  are 
calcareous and c l e a r  i n  the  Marianna 
Lowlands k a r s t  p l  sin. Extens ive l ake  
systems are l a c k i n g  i n  the  va l ley ;  
Ocheesee Pond i s  l oca ted  i n  an abandoned 
bed of the A p a l  a c h i c o l a  River,  and two 
o the r  n a t u r a l  l a k e s  (Lake Wimico, Dean 
Lake) occur  i n  t h e  basin. The upper r i v e r  
region, c u t t i n g  t h r o u q h  Miocene sediments, 
has a  f l ood  p l a i n  l.5-3 km (0.9-1.9 m i )  
wide. Th is  f l o o d p l a i n  widens t o  3-5 km 
(1.9-3.1 mi )  a lonq  midd le  po r t i ons  o f  t h e  
r i v e r ,  w i t h  the lower  r i v e r  havinq t h e  
widest  f l o o d p l a i n  (7  t m ;  4.4 m i ) .  The 
upstream t i d a l  i n f  1  uence i n  the f l o o d p l a i n  
does no t  ex tend  above km 40 (mi 2 5 ) .  The 
Chipo la  R ive r  . j o i n s  the Apalachico la  a t  km 
55 ( r i v e r  m i  28). The d e l t a  i s  about 16 
km (10 m i )  w i d e  and i s  surrounded by a  
broad marsh. 

The p r e v i  o u s l  y descr ibed geo log ica l  
processes have  l e d  t o  h iqh phys ica l  
d i v e r s i t y  o f  t h e  land forms i n  t h e  
Apalachico la  b a s i n .  "S teepheads" o r  
amphi t hea t r e - shaped  v a l l e y  heads w i t h  ve ry  
steep w a l l s  (Means 1977) occur i n  smal l  
drainages t h a t  d i s sec t  the  eastern 
escarpment b e t w e e n  B r i s t o l  and Torreya 
S ta te  Park w i t h i n  a  narrow east- to-west 
al ignment t h r o u q h  t h e  F l o r i d a  panhandle. 
These cons tan t  env i ronments are impor tant  
h a b i t a t s  f o r  v a r i o u s  species. The 
Apalachico la  R a v i n e s  (F iqure 7) (Hubbell 
e t  al .  1956) a r e  drainages t h a t  fo rm 
another unique h a b i t a t  associated w i t h  t he  
r i v e r  basin. These rav ines  inc lude  smal l-  
o rder  stream b o t t o m s  and steep va l  l e y  
slopes; t he  v e q e t  a t  i on qrades upward f rom 
h  y d r i  c  p l  ant cornmuni t i  es near t he  bottom 
t o  x e r i c  v e g e t a t i o n  a t  the  top  o f  smal l  
d i v ides  between rav i nes .  The Marianna 
lowlands form a k a r s t  p l a i n  con ta i n i nq  
more vadose (i . e., above water tab1 e) cave 
ecosvstems t h a n  any  other  Par t  o f  t he  
coas ta l  p l a i n  (Means 1977). The 
A ~ a l a c h i c o l a  1 o w l  ands, a  f 1  atwoods r eg i on  
w i t h  l i t t l e  r e l i e f ,  i s  a  low, s l i a h t l y  
i n c l  i ned p l a i n  w i t h  extens ive swamp1 an&. 

The eastern p o r t i o n  o f  the  Aoal a c h i c o l a  
lowlands conta ins p a r t s  o f  t he  Ta te ' s  H e l l  
Swamp, which i s  underqoing ex tens i ve  
changes due t o  f o r e s t r y  opera t ions .  The 
western lowlands are p a r t  o f  a  c a t t l e  
ranch and fa rming  operat ion.  The Western 
Red H i l l s  are separated f rom t he  o the r  
n a t u r a l  areas by t h e  Ch ipo la  R i v e r  v a l l e y .  
Th i s  area i s  h igh i n  e l e v a t i o n  hu t  n o t  as 
deeply  d issec ted  as t h e  Apal a c h i c o l a  
Ravines. Grand Ridge (F igure  7) i s  a  
wedge-shaped area bounded by t h e  Ch ioo la  
and Apalachico la  R ive rs .  Whi le  o r i g i n a l  1 y  
p a r t  o f  t h e  same upland mass t h a t  extended 
f rom the Apa lach ico la  Ravines westward, 
Grand Ridge has been eroded. Th i s  area i s  
associ  ated w i th  spr ings,  caves, and 
t r o g l o d y t e  ( i  e .  subter ranean)  fauna. 
The r i v e r  bot toml  ands r ep resen t  a  
f l o o d p l a i n  h a b i t a t  cha rac te r i zed  by  t h e  
r i v e r  channel, sloughs, swamps and 
hackwaters, and t h e  p e r i o d i c a l  1  y  f 1  ooded 
lowlands. Many sp r i ngs  and aqua t i c  cave 
systems empty d i r e c t l y  i n t o  t h e  r i v e r  
bot toml  ands. 

2.1.4. B a r r i e r  I s l ands  

A t  t he  mouth of the  Apa lach i co l a  
R ive r  i s  a  we l l  developed b a r r i e r - i s l a n d  
system composed o f  t h r e e  i s l a n d s  (St. 
Vincent, St.  Georqe, Doq) (F i qu re  3). 
These i s  1  ands rough1 y para1 1  e l  t h e  
c o a s t l i n e  and are cha rac te r i zed  by s e t s  o f  
sand dunes o f  d i f f e r i n g  geo log i ca l  ages. 
Whi le t he  shore system i s  based on dunes 
t h a t  date back some 3000 t o  6000 years, 
t h e  b a r r i e r  i s l ands  are no o l d e r  than  3000 
years. They cons i s t  o f  q u a r t z  sand t h a t  
has been t r anspo r t ed  f rom t h e  southern 
Appalachian Piedmont by t h e  r i v e r  system 
and t h a t  c u r r e n t l y  r e s t s  on an eroded 
P le is tocene  sur face  (Zeh 1980). On S t .  
V incent  I s land ,  f o r  example, g e n t l y  
c u r v i n g  l i n e s  o f  beach r i d q e s  (F i qu re  8 )  
up t o  1 m (3  f t )  h i qh  serve as t h e  base 
f o r  smal l  dunes; such r i d g e s  represen t  t h e  
geo log ica l  h i s t o r y  o f  sand d e p o s i t i o n  i n  
t h e  region, w i t h  t h e  o l d e s t  (nor thernmost)  
r i d g e s  i n d i c a t i n q  where sea l e v e l  achieved 
i t s  e a r l i e s t  pos i t i on .  

St. Georqe I s l a n d  i s  about 48 km (30 
m i )  l ong  and averages l e s s  than 0.5 km 
(1/3 m i )  i n  width. It cons i s t s  o f  2,973 
ha (7,340 acres)  o f  l and  and 486 ha (1,200 
acres)  o f  marshes. The medium t o  f i n e  
g r a i n  sands p rov ide  f o r  r e l a t i v e l y  poor 



vr). Ppriorf ic  low winter  monthly minima 
occurred i n  1940, 1948, 1958, 1968, and 
1977. Thus, in  add i t i on  t o  a  s t ronq  
s ~ a q o n a l  comoonent, t h e r e  may be a  lonq- 
term p e r i o d i c i t v  t o  temperature 
f l u c t u a t i o n s  i n  t he  Apalachicola  reqion.  

3.7.7 .  P r e c i p i t a t i o n  
v- 

Mean annual r a i n f a l l  i  t he  
A ~ a l  ach ico la  River basin i s  approximately 
150 cm (59  i nches ) .  There a re ,  however, 
cons iderab le  l oca l  d i f f e r ences  i n  mont.hly 
p r e c i p i t a t i o n  t .o ta l s .  T Q  t h e  Apal achicol  a  
d e l t a ,  a reas  west of the  r i v e r  rece ive  
almost one-third l e s s  r a in f  a1 1 than those  
e a s t  of the r i v e r  ( i . . ,  T a t e ' s  Hell 

Figure 8. Aerial view of S t .  Vincent Swamp). Rainfa l l  in  t he  Georgia por t ion  
Is land.  of the  watershed i s  130 cm/vr (51 

inches /yr ) .  

aqu i f e r  condit ions;  a l l  f r e s h  water i s  
derived from r a i n f  a1 1. S i l t y  c l a y  
sediments a t  depths between 7.6 and 9.7 m 
(25-30 f t )  below t h e  sandy sur f  ace c r e a t e  
an impermeable b a r r i e r  t o  s epa ra t e  r a in -  
der ived f r e s h  water from the  surroundinq 
s a l t  water. There i s  a  shallow lens  of 
f r e s h  water beneath t he  i s land .  Some of 
t h i s  f r e s h  water ,  modified by 
t r a n s p i r a t i o n  and evapora t ion ,  i s  
eventual l  y  discharqed i n t o  t he  Gulf and 
l aqoonal marine systems. 

2 .2 .  CLIMATE 

7.7.1. Temperature 

The c l imate  i n  the  Apalachicola b a ~ i n  
i s  mild, with a  mean annual temperature of 
200 C (680 F ) .  Temperature va r i e s  with 
e l eva t i on  and proximity t o  t he  coas t .  The 
mean annual number of days with 
temperatures a t  or  below f r e e z i n q  i s  20 a t  
Lake Seminole and 5 alonq t he  Gulf Coast 
(Nat ional  Oceanic and Atmosoheric 
Administrat i  on, unpubl ished rlata; Clewel 1 
1077). Livi nqston (unpubl i  shed 
manuscript) ,  worki nq with lonq-term 
(40-year)  c l  imatoloqical  data ,  found t h a t  
temperatures usual1 y peak in  Auqust with 
lows from December t o  Februarv, a t  which 
t ime monthlv variance i s  maximal. While 
peak summer temperatures  a r e  simi 1 a r  from 
year  t o  year ,  winter  minima varv. A time- 
s e r i e s  ( spec t r a l  ) a n a l y s i s  i nd i ca t e s  t h a t  
t h e r e  i s  a  lonq-term period of r ecu r r i nq  
low winter  temperatures  of 118 months (9.8 

The r a i n f a l l  pa t t e rn s  of F lo r ida  and 
Georqia (Fiqure Q; Meeter e t  a l .  1979) a r e  
b a s i c a l l y  s i m i l a r  exceot f o r  the  timinq of 
r a i n f a l l  peaks. G ~ o r q i a  r a i n f a l l  has two 

-Blountstown (river) 
(1920-77) 

I -,--.-.Columbus (rain) 
(1920-77) 

...........,,.., , Apafachicoia (rain) 

($937- 77) 

L , , , , , , , , , , , ,  i 
J  F M A M J  J A S O N  D 

MONTHS 
Figure 9. Seasonal averages of 
Apalachicola River flow (3lountstown, 
F l a . )  and r a i n f a l l  from Columbus, Georgia, 
and Apal ach ico la ,  F lor ida .  Standard 
dev i a t i ons  (S.D.) a r e  given f o r  s e l ec t ed  
months ( a f t e r  Meeter e t  a l .  1379). 



peaks:  one i n  March and another o f  equal 
rnaqnitude i n  Ju ly .  The F l o r i d a  r a i n f a l l  
p e a k  i n  March i s  no t  as q rea t  as t h a t  o f  
Georg ia ,  bu t  t h e  p r imary  d i f f e r e n c e  i s  t h e  
much l a rge r ,  susta ined r a i n f a l l  peak i n  
summer and e a r l y  f a l l  i n  F l o r i d a .  I n  bo th  
a reas ,  t he re  a r e  drouqht pe r i ods  du r i  nq 
m i d  t o  l a t e  f a l l .  Spec t ra l  ana l ys i s  of 
1 onq-term t rends  (F igure  10) i n d i c a t e  
t h a t ,  w h i l e  r a i n f a l l  i s  h i g h l y  va r i ab l e ,  
t h e r e  are c e r t a i n  long- term trends. 
F l o r i d a  (Apal ach i co l a )  r a i n f  a1 1 has 
83-month (6.7-yr) cyc les  i n  peak reoccur-  
rence ,  wh i l e  Georgia r a i n f a l l  has a 
s l  i g h t l y  d i f f e r e n t  spectrum. 

2.7.3. - Wind 

Wind d i r e c t i o n  i s  predov i inant l  v from 
t h e  southeast l u r i  nq t h e  sp r i ng  
(March-May) and southwest t o  west dur ing 
t h e  summer (June-August). Winds come from 
t h e  n o r t h  o r  no r t heas t  d u r i ~ q  t h e  r e s t  o f  
t h e  year. However, anal y s i  s o f  lonq-  term 
wind da ta  i n d i c a t e s  t h a t  t h e r e  i s  wide 
v a r i a b i l i t y  o f  wind v e l o c i t v  and d i r e c t i o n  
over t he  Apal ach i  c o l  a  watershed a t  any 
q iven  time. Tn t h e  sha l low estuary,  winds 
can cause r a p i d  chanqes i n  t h e  normal 
t i d a l  cu r ren t  pa t t e rns .  Touther1 y winds 
tend t o  auqment ast ronomica l  t i d e s  and 
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F i g u r e  10. S i x -mon th  and 36-month mov ing  averages o f  A p a l a c h i c o l a  R i v e r  f l o w  
(c f s ;  1920-1977) and Apa lach ico la  r a i n f a l l  (1937-1977). Data a re  taken f rom Meeter 
e t  a l .  (1979). 



cause abnormal ly  h i  gh water  w i  t h o u t  t h e  
usual  ebb. 

The a i r  c i r c u l a t i o n  over  t h e  G u l f  o f  
Mexico i s  p r i m a r i l y  a n t i c y c l o n i c  (c lock -  
w ise  around an atmospheric h igh-pressure 
r e g i o n )  d u r i n q  much o f  the  year. However, 
s t r onq  a i r  masses of c o n t i n e n t a l  o r i g i n  
o f t en  move through t h e  no r t he rn  F l o r i d a  
area, espec i a l 1  y  d u r i n q  t h e  w in te r .  From 
November t o  March, an averaqe o f  30 t o  a0 
p o l a r  a i r  masses pene t ra te  t he  G u l f  each 
year. Storms are usual1 y  formed a lonq 
slow-movinq c o l d  f r o n t s  i n  w in te r .  
T rop i ca l  storms o r  hu r r i canes  may occur i n  
summer and e a r l y  f a l l .  Lesser storms 
o f  t e n  occur  as e x t r a t r o p i c a l  cvclones, 
which tend  t o  move across t he  G u l f  f rom 
west t o  no r t heas t  d u r i n q  w i n t e r  ner iods  
(Jordan 1973). Winter  storms t end  t o  be 
more pervas ive  i n  a  qeoqraphic sense, 
w h i l e  summer storms a re  o f t e n  i n t ens i ve ,  
sho r t - l i ved ,  l o c a l i z e d  events.  The 
l i k e 1  ihood of t he  occurrence o f  a  
hu r r i cane  i n  t h e  no r t heas t  G u l f  i s  about 
once every  17 years w i t h  f r i n q e  e f f e c t s  
about once every  5 years (C lewe l l  1978). 
The l a s t  hu r r i cane  t o  h i t  Apalachico la ,  
Hur r i cane  Aqnes, occurred i n  June 1977. 
Overland (1975) showed t h a t  bas i n  
o r i e n t a t i o n  ( r e l a t i v e  t o  wind d i r e c t i o n ,  
headlands, and marsh areas)  can produce 
v a r i a t i o n s  i n  surqe he iqhts ,  which a re  
r espons ib l e  f o r  much damage. L i v i n q s t o n  
(unpubl i shed  da ta )  found t h a t  Hur r i cane  
Aqnes had no sus ta ined  e f f e c t  on water 
q u a l i t v  o r  the  b i o t a  of t h e  Apa lach i co l a  
estuary .  

?. 3. HYDROLOGY 

2.7.1. Freshwater I n p u t  

The Apa lach ico la  R i v e r  has t h e  
h i qhes t  f l o w  r a t e  (690 m3 sec-1 a t  
Chattahoochee, F l o r i d a ;  1958-1980) and 
broadest f l ood  o l a i n  (450 km2 o f  bottorn- 
1  and hardwood and t u p e l  o-cypress f o r e s t s )  
o f  any r i v e r  i n  F l o r i d a  (H. M. Lei tman e t  
a1 . 1982). 4pal  ach i co l a  R i v e r  d ischarge 
accounts f o r  35% o f  t he  t o t a l  f reshwater  
r u n o f f  on t h e  west coas t  o f  F l o r i d a  
(McNul t y  e t  a1 . 1.972). Seasonal v a r i a t i o n  
(F i qu re  9) i s  high, w i t h  peak f l o w s  f r om  
January through A p r i l  and low f l o w s  f rom 
September throuqh November. The absence 
o f  a  summer r i v e r - f l o w  peak ( d e s p i t e  r a i n -  
f a l l  peaks i n  t h e  b a s i n  a t  t h i s  t ime )  may 

be r e l a t e d  t o  h igher  evapo t ransp i r a t i on  
r a t e s  i n  t h e  vege ta t ion  o f  t h e  watershed 
(L i v i ngs ton  and Loucks 1978). A spec t r a l  
ana l ys i s  u s i n g  da ta  f rom 1920 t o  1977 
(F igure  10) i n d i c a t e d  r i  ver - f l ow cyc l es  on 
t h e  o rder  o f  6-7 years (Meeter e t  a l .  
1979). I n d i c a t i o n s  o f  longer- term cyc les  
were shown a long w i t h  t h e  abnormal ly  low 
r i v e r  f l o w  du r i ng  t h e  mid-1950's. 

I n  a  c ross -spec t ra l  ana l ys i s  o f  
Georgia r a i n f a l l  w i t h  r i v e r  f l ow,  t h e  two 
pa t t e rns  were i n  phase (Meeter e t  a l .  
1979; F i gu re  9).  The ana l ys i s  i n d i c a t e d  
t h a t  t he  Apal ach i co l a  R i ve r  f l o w  pa t t e rns  
more c l  ose l  y  resembled cyc les  o f  Georgia 
r a i n f a l l  than  t h e y  d i d  those o f  F l o r i d a  
r a i n f a l l .  Th i s  p a t t e r n  should be expectd 
s ince  o n l y  11.6% o f  the  drainage bas i n  i s  
i n  F l o r i da ,  and t he  remainder i s  i n  
Georgia. Staqe f 1  uc tua t i ons  va r y  q r e a t l  y  
f rom upper t o  lower r i v e r  w i t h  the  
narrowest  ranges ( f rom peak t o  low)  a t  
downstream s t a t i o n s  (H. M. Lei tman e t  a l .  
1982). Such f l o o d i n q  pa t t e rns  are 
essen t i  a1 t o  elements o f  the  hydro logy  of 
t h e  estuary .  

F loodp l  a i  n  i nunda t i on  v a r i e s  w i t h  
l o c a t i o n  on the r i v e r  and r e f l e c t s  the  
i n f l u e n c e  o f  n a t u r a l  r i ve rbank  1  evees 
(H. M. Lei tman e t  a l .  1982). Na tu ra l  
levees w i t h i n  t h e  f l o o d  p l a i n  are 
inundated o n l y  a t  h i gh  stages o f  r i v e r  
f l ow .  The l e v e l  o f  t he  water t a b l e  a lso  
depends on r i v e r  staqe. F l u c t u a t i o n s  are 
damped by water movement through f 1  ood- 
p l a i n  s o i l s .  The levees o f  the  upper 
r i v e r ,  where t he re  i s  a  g rea te r  range of 
water f l u c t u a t i o n ,  are h igher  than those 
i n  t h e  lower  r i v e r  where t he  f l o o d  p l a i n  
i s  q u i t e  f l a t .  F lood  depths t end  t o  
decrease f r o m  the  upper t o  t he  lower  r i v e r  
and r a t e s  o f  f l o w  i n  t he  upper r i v e r  
f l o o d p l a i n  a re  g e n e r a l l y  l e s s  than those 
a lonq t h e  m idd le  and lower  reaches o f  the  
r i v e r .  The he iqh t  o f  t h e  n a t u r a l  levees 
and t h e  s i z e  and d i s t r i b u t i o n  o f  breaks i n  
t h e  levees a l l  c o n t r o l  t he  hyd ro l oq i ca l  
cond i t i ons  o f  t he  r i v e r  f l o o d  p l a i n .  Such 
h y d r o l o q i c a l  cond i t i ons ,  i n  t u rn ,  c o n t r o l  
t h e  fo rm and d i s t r i b u t i o n  o f  f l o o d p l a i n  
vege ta t i on  (H. M. Lei tman e t  a l .  1982). 

2.3.2. T ides  and Currents  

Frank1 i n  County s t r add les  a  r e g i o n  of 
t r a n s i t i o n  between t h e  d i u r n a l  t i d e s  of 



west F l o r i d a  and t h e  semid iurna l  t i d e s  on 
t h e  Gulf peninsula. Tides a t  Aaalachico la  
a re  d i u r n a l  t o  semidiurnal ,  w i t h  
"uncer ta in t ies "  concerninq the  s e l e c t  i on  
o f  a " t y p i c a l "  t i d e  p a t t e r n  fo r  each month 
(Conner e t  a l .  lq81).  Tides i n  the 
Apal achi c o l  a estuary  are i nf 1 uenced by the  
main entrances and smal ler  passes. T i d a l  
ranqes varv  from 0.13 m (0.43 f t )  a t  Doq 
I s l a n d  near the  eastern end of t h e  esttrarv 
t o  0.23 m (0.75 f t )  a t  East  Pass. 
G o r r l i n e  (1963) c l a s s i f i e d  t h i s  es tua r y  as 
"unsymmetrical and semi d i u rna l  except 
dur ing  per iods o f  s t ronq  wind e f f e c t . "  
Whi le cu r ren ts  i n  t h e  Apal ach ico la  es tuary  
a re  tide-dominated, t hey  a re  a l so  
dependent on l o c a l  phys ioqraphi  c 
cond i t i ons  and wind saeed and d i r e c t i o n  
( L i v i ngs ton  1978). R ive r  d i  scharqe has 
l i t t l e  In f luence  on the hydrodynamics o f  
t h e  p a r t i  a l l y  r t r a t i f  fed es tuary  (Conner 
e t  a l .  ta81). ?hal low es tua r i es  such as 
t h e  Apalachico la  a re  wind dominated i n  
terms of f l ush lnq  and cur ren t  movement. 
The wfnd can be up t o  th ree  timez more 
impor tant  than t he  t i d a l  Inpu t  i n  the 
determinat ion o f  cu r ren t  s t r enq th  and 
d i r e c t i o n  (Conner et  a l .  19R1). 

Net f l m s  tend t o  move t o  the west 
from S t .  Georoe Saund; East Rav water 
merqes w i t h  the  westward f low (F i su re  11). 
West Pass appears t o  he a maior o u t l e t  f o r  
t h e  discharoe of es tuar ine  water t o  the  
Gu l f ,  espec la l  l y  when in f luenced hv 1 onq- 
term o r  h l ah  v e l o c i t v  windr From the east.  
Water movement thrauqh Ind ian  Pass a1 so 
occurs I n  a net  westward d i r e c t i o n ,  
al thouqh the  PIco1Dne Rar may r e t a r d  
passaqe (Dawson 1955). Estuar ine  cu r ren ts  

Ffgure 11. Net water cu r ren t  pa t te rns  i n  
t he  Apalachica la  es tuary  as i nd i ca ted  by 
f l o w  models developed by 6,  A. Christensen 
and colleagues. (A d e t a i l e d  ana l ys i s  o f  
such cu r ren t s  can be found i n  Conner e t  
a l .  (1982).) 

may be a f f ec ted  by excess ive land  r u n o f f  
o r  h i qh  v e l o c i t y  winds froni the eas t  o r  
west. q t ronq  n o r t h  t o  no r t bsas t  winds 
de f l ec t  water downwind and t o  the west. 

Gors l ine  (1953) es t imated  a t i d a l  
p r i sm  equal t o  about 79% o f  t he  hay  water 
volume, and he soqqected t h a t  the  
res idence t ime o f  r i v e r  water i n  the 
es tua r v  ranqes from a f e w  davs t o  a montb. 
The two western Da5ses account f o r  over 
66% o f  the  t o t a l  hav discharqe, even 
thouqh thev account f o r  o n l v  10% of the  
i n l e t  area (Gors l ine  lQ6'3). Tbe bu lk  of 
r i v e r  f l ow e x i t s  throuqh these passe<, and 
the  e f f e c t s  of r i v e r  f l ow on s a i i n i t v  can 
he f e l t  765 km (165 m i l e s )  o f f s h o r e  i n  the 
q u l f .  T i da l  de l t as  extend seaward from 
I nd l an  Pass, West Pass, and East  Pass, 
i n d i c a t i n q  apprec iab le  sediment t r a n s ~ o r t  
throuqh these areas. Cur ren t  v e l o c i t i e s  
i n  the  bav r a r e l y  exceed 0.5 m sec'l, 
wh i l e  v e l o c i t i e s  i n  t he  pasTes may reach 
7-7 rn sec-1. 

7.4. PHYSICALICHEMICAL HARITAT 

Important h a b i t a t  features of the 
Apalachicola Ray system i nc l ude  physio- 

lq raph ic ,  c l i m a t i c ,  and r i v e r - f l o w  
cond i t i ons .  Whi le  marshes ( ~ m e r q e n t  
veqetat ion) ,  oys te r  bedr, and qrassbeds 
(submeraent veqe ta t ion )  represen t  
important b i o l o q i c a l  h a b i t a t s  o f  the  
estuary .  the pr imary phvs i ca l  h a b i t a t  i n  
terms of area l  ex ten t  i s  the  shal low, 
~ invcqetated s o f t  sediment bottom (Table 
1 ) .  Wi th in  the mvr iad o f  r a p i d l v  chanqinq 
grad ients  of phys ica l  and chemical 
featureq o f  tbe estuary,  t he re  are c e r t a i n  
r ecu r ren t  pa t te rns  and qeneral  t rends  t ha t  
remain more o r  l e ss  constant  i n  soace and 
over time. Such water-qua1 i t y  f ea tu res  
and n u t r i e n t  d i s t r i b u t i o n s  are impor tant  
determinants of the  h a b i t a t  cond i t i ons  i n  
the Apalachico la  Rav system. 

7.4.1. Temperature and S a l i n i t y  

Recause of t he  shallowness of t h e  bay 
system and wind-mixinq of the  water 
column, t he re  i s  l i t t l e  thermal 
s t r a t i f i c a t i o n  i n  t h ~  estuary .  Water 
temperature i s  h i q h l v  c o r r e l a t e d  ( r  = 
O.oO, p < 0.00001) w i t h  a i r  temperature 
(L iv inqs ton  1983c), which i n d i c a t e s  r a p i d  
mixinq. Yummer temperature peaks are 
s i m i l a r  from vear t o  year, w i t h  seasonal 
h iqhs u s u a l l y  i n  Auq~ is t .  Water 



Table 1. D i s t r i b u t i o n  and area o f  major  bodies o f  water  a long t h e  coas t  of  F r a n k l i n  
County ( n o r t h  F l o r i d a )  w i t h  areas o f  oysters ,  grassbeds, and cont iguous marshes. 

Area Oysters  Grassbeds Marshes 
Water body (ha) (ha )  (ha )  (ha)  

S t .  V incen t  Sound 

Bay 

Eas t  Bay 

S t .  George Sound (West) 

S t .  George Sound (Eas t )  

A l l i g a t o r  Harbor 

To ta l  

Percent  o f  t o t a l  water  a rea  

temperature mi nima occ l l r  f rom December t o  
Fehruarv; month1 y  va r iance  i s  h iqhes t  
d u r i  nq w i  n t e r .  Whereas peak summer 
temperatures are comparable from vear t o  
vear, w i n t e r  minima v a r y  annual 1  y  (F iqure  
1 ) .  Dur inq  vears of extreme cold,  
temperature ranqed from 5O C t o  a  maximum 
of 330 C over a  13-month per iod.  Iq  
a d d i t i o n  t o  s t r ong  seasonal corn~onents o f  
chanqes i n  water temperature, p e r i o d i c  
w i n t e r  lows occurred a t  r e 1  a t  i ve l  v r e q u l  a r  
(8-11 y r )  i n t e r v a l s .  I n  r ecen t  t imes, the  
w i n t e r  o f  1976-77 was p a r t i c u l a r l y  cold.  
The seasonal temoerature cyc les  are 
ev iden t  1  y superimposed over  lonq- term 
temperature t rends.  

The d i s t r i b u t i o n  o f  s a l i n i t y  i n  t h ~  
bay a t  any q iven  t ime  i s  a f f ~ c t e d  
a r i m a r i l y  by  r i v e r  f l ow ,  l o c a l  r a i n f a l l ,  
bas i  n  conf  i qura t  i on, w i  nd speed and 
d i r e c t i o n ,  and water cu r ren t s .  The 
p r i n c i o a l  source of f r esh  water f o r  the  
es tua r v  i s  t he  Apa lach i co l ?  River ,  
a1 thouqh t h e r e  i s  evidence t h a t  l o c a l  
r u n o f f  and qround water f l o w s  a f fec t  the  
hahi t a t  c h a r a c t e r i s t i c s  of t he  hay system 
i n  l o c a l  area5 ( L i v i n q s t o n  unpuhl isbed 
data) .  Irl terms o? s a l i o i t v ,  t h e  hav 
svstem may be d i v i d e d  i n t o  two main 
~ r o v i n c e s :  t he  open G u l f  waters of 
eas te rn  St.  Georqe Sound and t h e  b rack i sh  
( r i v e r - d i l u t e d )  o o r t i o n s  of western S t .  
George Sound, Apa lach ico la  Bay, East  Bay, 
and S t .  V incent  Sound. 

TIME 

F igu re  12. Apa lach i co l a  R i ve r  f l o w  and 
averaqe minimum a i r  temperature da ta  
p rov i ded  by  U.S. Army Corps o f  Engineers 
and t he  NOAA Environmental  Data Service, 
Apalachico la ,  F la .  



Mean s a l i n i t y  values are lowest  a t  
t h e  mouth o f  t he  r i v e r  and i n  East Bav 
(Table 2, F i g u r e  13). According t o  the  
Venice system o f  b rack i sh  water 
c l a s s i f i c a t i o n ,  t he  lower reaches o f  the  
Apal ach i co l a  R i ve r  c o n s t i t u t e  t h e  1  imne t i c  
zone, w i t h  s a l i n i t i e s  reaching 0.5 warts 
per thousand (pp t ) .  Dur ing per iods  o f  
h igh  r i v e r  f l ow,  the zone expands t o  
i n c l  ude East  Ray and cons i derabl  e  p o r t i  ons 
o f  Apa lach ico la  Bav. Because o f  extreme 
seasonal and annual v a r i  ab i  1  i ty ,  t he re  are 
no c l e a r - c u t  zones t ha t  remain s t a b l e  i n  

t h e  bay system. Rather,  t he  s a l i n i t y  
g rad i en t s  move through t h e  bay area 
accord i  ng t o  up1 and r u n o f f  cond i t i ons .  
East  Ray, l y i n g  no r t heas t  of t h e  r i v e r  
head. i s  o l i s o h a l  i ne  (0.5-5.0 pwt )  d u r i n q  
most o f  t he  year (F i gu re  13). 
Apa lach ico la  Bay, s t .  V incen t  Sound, and 
western p o r t i o n s  o f  S t .  George Sound vary  
between mesohal i n e  (5-18 '  p p t )  and 
po l yha l  i n e  (18-30 p p t )  cond i t i ons ,  
depending on r i v e r  f l o w  and up1 and r u n o f f  
( L i  v inqs ton  1983d). Areas near t h e  passes 
and i n  t h e  eas te rn  sec t i ons  o f  S t .  George 
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F i g u r e  13. SYNMAP p r o j e c t i o n s  o f  ave rage  l e v e l s  o f  s a l i n i t y ,  d i s s o l v e d  oxygen,  
t u r b i d i t y ,  and c o l o r  a t  permanent s t a t i o n s  i n  the Apalachico la  estuary ,  based on da ta  
taken monthly from 1972-1980. 



sound vary  from p o l y h a l i n e  t o  euha l ine  (> 
70 p p t )  cond i t i ons .  G o r s l i n e  (1963) 
a l l uded  t o  t h e  v e r t i c a l  i s o h a l i n e  
cond i t i ons  of t h e  e s t u a r y  e x c e p t  f o r  areas 
t h a t  are deep o r  near  t he  i n l e t s .  
L i v i  nqston (1978, 1984a). however, has 
documented seasonal v e r t i c a l  s a l i n i t y  
s t r a t i f i c a t i o n  i n  v a r i o u s  p a r t s  o f  t he  
estuary,  e s p e c i a l l y  i n  a reas  a f f ec ted  most 
d i r e c t l y  by t h e  r i v e r .  D i f f e rences  o f  
sur face and bottom s a l i n i t i e s  o f  as much 
as 5-10 pp t  d u r i n g  per iods  o f  
s t r a t i f  i ca t . i on  f u r t h e r  comp l i ca te  t h e  
exact  dimensions of t h e  s a l  i n i t v  reqime i n  
a  g iven  area of t h e  bay system throuqh 
time. However, b y  m o s t  s t a t i s t i c a l  
measures, r i v e r  f l o w  i s  the  ch ie f  
determinant  of t he  s a l  i n i  t y  s t r u c t u r e  o f  
the e s t u a r y  (Meeter and L i  v i  nqston 1978). 

There a re  p e r s i s t e n t  seasonal 
p a t t e r n s  of s a l i n i t y  i n  the  Apa lach ico la  
estuary ,  a1 thouqh such p a t t e r n s  a re  
m o d i f i e d  by annual v a r i a t i o n  o f  r i v e r  f l o w  
and f l u c t u a t i o n s  of l o c a l  r a i n f a l l .  Low 
bay s a l i n i t i e s  c o i n c i d e  w i t h  h i qh  r i v e r  
f l ows  du r i nq  w i n t e r  and s p r i n g  per iods;  
secondary s a l i n i t y  r e d u c t i o n s  occur i n  t h e  
bay s,ys tem d u r i n g  1  a t e  summer-early f a1 1  

Table 2. Bottom s a l i n i t i e s  i n  p a r t s  per  
thousand a t  s t a t i o n s  i n  t h e  Apalachico la  
estuary.  A1 1  data r e p r e s e n t  5-year means 
(1972-77) w i t h  maxima and min ima f o r  t h i s  
per iod.  A c l u s t e r  a n a l y s i s  was made t o  
group t he  s t a t i o n s  a c c o r d i n g  t o  s a l i n i t y  
tY Pe 
-- 

Bottom sa l  i n i  t m  

Apa lach ico la  S t a -  Mini- Maxi-  5 -y r  
e s t u a r y  areas t i o n  rnm mum mean 

-E 
1 0.0 33.7 15.7 
1A 3.0 35.6 22.1 

Oute r  Bay----- 1~ 6.9 31.6 15.7 
1c 1.4 33.7 20.4 

-1x 0.0 32.0 17.8 

-E 2 0.0 28.1 10.4 
R i v e r  dominated 3 0.0 22.0 4.8 

4 0.0 31.8 9.6 

S i k e ' s  Cut-- 1~ 10.6 35.5 28.6 

per iods  of h i q h  l o c a l  p r e c i p i t a t i o n  
( F i q u r e  14). S a l i n i t v  g e n e r a l l y  peaks 
dur  i nq t h e  f a l l  drouqht  
(Oc tober -~ovember  ). Lonq-term s a l  i n i  t y 
t rends  f o l l o w  r i v e r  f l ow f l u c t u a t i o n s ;  low 
s a l i n i t y  was n o t e d  f o r  a  p ro lonqed  p e r i o d  
throughout  t h e  e s t u a r y  d u r i n g  t h e  heavy 
r i v e r  f low c o n d i t i o n s  o f  t h e  w i n t e r  o f  
1977-73, a1 thouqh  va r i ous  f a c t o r s  combine 
t o  shape t h e  1 onq-term (mu1 t i year) 
s a l i n i t y  t r e n d s  i n  t h e  es tuary .  Var ious 
s t a t i s t i c a l  analyses (Meeter and 
L i v i n q s t o n  1978; Meeter e t  a l .  1079) have 
made a  s t r o n q  a s s o c i a t i o n  o f  Apal ach i co l  a  
R i ve r  f l o w  w i t h  t h e  spa t i a l / t empo ra l  
d i s t r i b u t i o n  of s a l i n i t v  th rouqhou t  t h e  
hay system. 
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F igu re  14. S u r f  ace s a l i n i t y  (5-month 
moving averages)  a t  s t a t i o n s  1 and 5 
(Apa lach i co l a  Bay, East  Bay) taken  month ly  
f rom 1972 t h r o u g h  1982. 



2.4.?. D i s s o l v e d  Oxyqen 

D iu rna l  and seasonal v a r i a t i o n s  o f  
d i s so l  ved oxygen (F igure  15) r e f  1 e c t  
b i o l o q i c a l  and phys i ca l  processes i n  the  
system. Maximum l e v e l s  usual 1  y  occur 
du r i nq  w i n t e r  and s p r i n g  months because o f  
low water tempera tu re  and, t o  a  l e sse r  
degree, low s a l i n i t y .  Dur inq summer and 
f a1 1  per iods,  v e r t i c a l  s t r a t i f i c a t i o n  of 
d i s so l ved  oxygen i s  ev ident  i n  va r ious  
pa r t s  o f  t h e  estuary.  ?pa t i  a1 
d i s t r i b u t i o n  of mean d isso lved  oxvqen 
values ( F i q u r e  13) i s  no t  uni form; t he  
h iqhes t  va lues occur i n  t he  upper reaches 
o f  East Sav (i.e., Round Ray), i u s t  off 
St.  George I s l a n d  (i.e., N i c k ' s  Hole),  and 
alono t he  e a s t e r n  s ide o f  St.  V incent  
Is land.  Concen t ra t ions  o f  d i sso lved  
oxygen i n  most o f  t he  es tuary  du r i nq  t he  
10-vr p e r i o d  o f  observat ion are s u f f i c i e n t  
t o  support  most  forms o f  es tuar ine  b i o t a  
(F igure  15).  No s iqn  o f  c u l t u r a l  
e u t r o p h i c a t i o n  i s  evident.  The 1  onq-term 
p a t t e r n  o f  d i sso lved  oxyqen maxima 
f 01 1  owed t h e  1  ong- term temperature trends, 
w i t h  d i s s o l v e d  oxygen peakinq du r i ng  t he  
c o l d  w i n t e r s  f rom 1976 t o  1978. Such 
chanqes r ep resen t  an i n d i r e c t  e f f e c t  o f  
temperature on long-term h a b i t a t  v a r i a t i o n  
i n  t he  es tuary .  

From 1977 t o  1487, the pH throuqhout 
most o f  t he  bay system ranqed between 6 
and 9  ( L i v i n q s t o n  1983c, unpubl ished 
data) .  However, r e l a t i v e l y  low pH l e v e l s  
(4-5) were observed i n  upper po r t i ons  of 
East Bay d u r i n g  per iods o f  heavy l o c a l  
r a i n f a l l  and r u n o f f  from newly c lea red  
lands i n  T a t e ' s  H e l l  Swamp (L i v i ngs ton  
19 78). Such changes were temporary and, 
ove ra l l ,  t h e  pH of the Apalachicola Bay 
system remai ns wi t h i n  a  range t h a t  i s  not  
l i r n i t i n q  t o  most l i f e  forms. 

Water Co lo r  and T u r b i d i t y  

Liqht, t ransmiss ion ,  as determined by 
c o l o r  (measured i n  p l  atinum-cobal t u n i t s )  
and t u r b i d i  t v  ( i n  Jackson T u r b i d i t y  
Un i t s ) ,  i s  a key v a r i a b l e  i n  the  t i m i n q  
and d i s t r i b u t i o n  of or imary and secondary 
p r o d u c t i v i t y  i n  t h e  estuarv. The s p a t i a l  
and temporal  d i s t r i b u t i o n s  of water c o l o r  
and t u r b i r i i t y  (F iqures 13, 16, 17) are 
r e l a t e d  t o  p a t t e r n s  of fresh-water f l o w  

i n t o  the  bay system. The h i qhes t  l e v e l s  
o f  bo th  f a c t o r s  are found  a t  t he  mouth o f  
t he  r i v e r  and throuqhout  upper Eas t  Bay 
w i t h  c l e a r - c u t  gul fwarr i  q rad ien ts .  Both 
c o l o r  and t u r b i d i t y  reach seasonal h i  qh 
l e v e l s  d u r i n g  w i n t e r  and e a r l y  s p r i n g  
pe r i ods  o f  h iqh  r i v e r  f l o w  and over land  
r u n o f f .  Dur iqq  t h e  ma jo r  f l o o d i n s  i n  t h e  
w i n t e r  o f  1977-73, t u r b i d i t y  and c o l o r  i n  
t he  es tua r y  reached a  10-yr h i gh  p o i n t  a t  
most s t a t i o n s .  V h i l e  t h e  qenera l  p a t t e r n  
o f  c o l o r  i n  the  es tua r y  f o l l o w s  r i v e r  f l ow 
f l u c t u a t i o n s ,  t he  h i qhes t  l e v e l s  occurred 
i n  eastern East  Sav. The c o l o r  was 
d i r e c t 1  y  assoc ia ted w i t h  f o r e s t r v  
a c t i v i t i e s  and r uno f f  f rom t h e  T a t e ' s  H e l l  
Swamp ( L i  v i  nqs t o n  1978). Various 
compounds such as tannins,  l i q n i n s ,  and 
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F i g u r e  15. Surf ace d i s so l ved  oxygen 
(5-month moving averages) a t  s t a t i o n s  1 
and 5  i n  t h e  Apa lach ico la  e s t u a r y  taken 
month ly  f r o m  1972 through 1982. 



f u l v i c  a c i d  complexes, which occur  
n a t u r a l l v  i n  t h e  up land swamps, a re  washed 
i n t o  the  e s t u a r y  d u r i n q  per iods  o f  h i gh  
l o c a l  p r e c i p i t a t i o n .  Such water-qua1 i t,v 
changes, assoc ia ted  w i t h  r i v e r  f low and 
l o c a l  r a i n f a l l ,  a f f ec t  t h e  b i o l o q i c a l  
o r g a n i z a t i o n  of the b a , ~  system i n  terms o f  
p r imary  p r o d u c t i v i t y  and food weh 
s t r u c t u r e  ( L i v i n g s  ton  1983b-d). - 

7.5. BIOLOGICAL HABITATS 

The Apa lach ico la  d ra inaqe  svstem as a 
whole i s  an almost unbroken s e r i e s  o f  
n a t u r a l  h a b i t a t s ,  which i nc l ude  up1 and 
vegetat ion,  swamps, marshes, and f l o o d  
p l a i n  wet lands. Wuch o f  t h e  bas i n  
vege ta t i on  has t he  appearance o f  a  mature 
f o r e s t  because of r a p i d  reqrowth. S lash 
and l o n q l e a f  p i n e  are abundant i n  up land 

areas. A7 though several m u n i c i p a l i t i e s  
a re  l oca ted  near  o r  w i t h i n  t he  
Apalachico la  and c h i p o l a  f l ood  p l a i n s .  
none i s  a  major u rban  cen te r ;  t h e r e  i s  
l i t t l e  i n d u s t r i a l i z a t i o n  i n  t h e  basin.  
The dimensions of t h e  b i o l o q i c a l  h a b i t a t s  
w i t h i n  t he  bay system and l t s  assoc ia ted 
watershed ( i . ,  F r a n k 1  i n  County) a re  
q iven  i n  Tables I and 3. Aqua t i c  areas, 
toge ther  w i t h  f o r e s t e d  and nonforested 
wetlands, comprise abou t  42% of the  t o t a l  
area o f  F r a n k l i n  Coun ty .  As noted 
prev ious1 y, aqua t i c  a r e a s  a re  dominated b,y 
unvegetated so f t - bo t t om  subs t ra tes .  

2.5.1. Wetlands 

a. Rottoml and hardwoods. The 
Apa lach ico la  f l o o d  p l a i n  (F iqure  18) o f  
t h e  upper r i v e r  i s  r e l a t i v e 1  y narrow 
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Figure  16. Color  (5-month moving F i qu re  17. T u r b i d i t y  (5-month moving 
averages) a t  s t a t i o n s  1 and 5 i n  t h e  averages) a t  s t a t i o n s  1 and 5 i n  the  
Apal ach i co l  a  es tua r y  taken  month ly  from Apa lach ico la  es tua r y  t a k e n  month ly  from 
1972 through 1982. 1972 through 1982. 
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Table 3. Terres t r ia l  habitats and land-use patterns in the immediate watershed of the 
Apalachicola Bay system (Florida Bureau of Land and Water Management 1977). 

Category Total area (ha) % of to ta l  

Resi denti a1 2,461 
Commercial, services 178 
Transportation, u t i l i t i e s  218 
Mixed urban or built-up areas 2 7 
Other urban or built-up areas 39 

All urban or built-up areas 2,922 

Crop1 and and pasture 
Other agriculture 

All agricultural  land 

Herbaceous range 1 and 
Rangeland 

Ever green fo res t  1 and 
Mixed fores t  land 

All fo res t  1 and 

Streams and canals 
Lakes 
Reservoirs 
Bays and es tuar ies  

A1 1 water 

Forested wet1 and 
Nonforested wet 1 and 

All wetlands 

Beaches 
Quarries and pi ts  
Transitional areas 

A1 1 barren 1 and 

Total area of Franklin County: 198,398 

(1.5-3.0 k m  or 0.9-1.0 mi wide). The 
forested flood plain broadens alonq the 
lower r iver  (up to  7 km or 11.3 mi wide), 
with most of the flood-plain wetlands 
located in the lower delta ( H .  M. Leitman 
e t  al. 1982). The forested flood plain of 
the Apalachicola basin i s  the largest  in 
Florida (450 km2, 173 mi?; Wharton e t  al. 
1977),  and 60 of the 711 t ree  species in 
north Florida are found there (Table 4) .  

The predominant species in terms of cover 
include water tupelo, ogeechee tupelo, 
haldcypress, carol ina ash, swamp tupelo, 
sweetgum, and overcuo oak. These s ~ e c i e s  
are typical of southeastern a1 luvi a1 flood 
plains and occur in such areas pa r t i a l l y  
because of t he i r  adaptive response t o  
res t r i c ted  avail abi1 i t y  of oxyqen i n  
saturated and inundated so i l s .  Despite 
continuous loqging fo r  over a century, the 



Table 4. A. Tree spec ies found i n  t he  Apa lach ico la  f l o o d p l a i n  ( f rom Leitman 1983 and 
H. M. Lei tman e t  a l .  1982). Inc luded  i s  t h e  r e l a t i v e  basa l  a r e a  ( i n  percen t )  of the 
t o p  25 species. R.  Area, i n  acres, of each mapping c a t e g o r y  f o r  f i v e  reaches of the  
Apa lach ico la  R i v e r  ( f rom Leitman 1983). 

A. Common name 

Ash, Caro l  i n a  
Green 
Pumpki n 

Baldcypress 
Bi rch,  r i v e r  
Box e l d e r  
Bumel i a, buck t h o r n  
Ruttonbush 
Chinaberry  
Cottonwood, swamp 
Cypress 
Dogwood, s t i f f c o r n e l  1 

(swamp dogwoodb) 
E 1 m, Amer i can 

S 1 i ppery 
W i nged 

Grape 
Hawthord, green 

Pars 1 ey 
Hickory ,  water 
Horn beam, Amer i can 
Locust,  water 
Maple, r e d  
Mu1 berry ,  r ed  
Oak, cher rybark  

d i amond- 1 ea f  
1 aure l  

overcup 
swamp ches tnu t  
water 

Palmetto,  cabbage 
Pers i mrnon , common 
Pine, l o b l o l l y  

spruce 
P lane r t r ee  (water-elmb) 
Possumhaw h o l l y  
S i l v e r b e l l ,  l i t t l e  
Sugarberry  (hackber ry )  
Swamp-pr i vet  
Sweetbay 
Sweet gum 
Sycamore, Amer i can 
T i t i  

S c i e n t i f i c  name 

Frax inus  c a r o l  i n i a n a  M i l  1. ( 
F rax inus  enns y l  vanica Marsh 
=fix-*.) 8u 
Taxodium i s t i c h u m  (L.)  R ich  
Retulani?j%-L.v. 8 ) 
Acer negundo L. (0.3) - 
Bumelia l y c i o i d e s  (L . )  Pers. 
C e n t &  o c c i d e n t a l i s  L. 
b d a r a c h  L.a 

5.4) 
I. (2.9 
sh. (1.9) . (10.6) 

=us he te ro  h 112 L. (0.4) && 
cornus f oemi na Mi 11. 
(Cornus s t r i c t a  ~am.b)  
Ulmus a m e r i c a m 2 . 4 )  
Ulmus r u b r a  Muhl . - .- -- 
Ulmus a l a t a  ~ i c h x .  
V i t i s  spp.c 
E t a e a u s  v i r i d i s  L. 
-Crataegus marshallii Egqle. 
Carva aaua t i ca  (Michx. f.1 Nut t .  (2.9) 
card inus  c a r o l i  n i a n a  ~ a l  t: (7.0) 

. 

& G t i c a  -- -- -.  Marsh. 
Acer rubrum L. ( 1 . 5 )  
f i s r u b r a  L. 
. G u m c a t a  Michx., var.  a o d a e f o l i a  E l l .  
Quercus -1 i a Michx. (2.- 
=exus  -- hemi.sphae?ica_ B a r t r .  (Q. l a u r i f o l i a  

Michx.0) 
Quercus l y r a t a  Walt. ( 3 . ? )  
Quercus pr inus- L. (2. michaux i i  Nutt. -- -- 
Quercus n i q r a  L. (1.8) 
S a b a ' i p a m o  (Walt . )  Lodd. 
Diospyros v i r q i n i a n a  L. 
Pinus taeda L. 
P inus m a  Walt .  
m r a  a u a t i c a  Gmel. (2.9) 
c t .  R i ' i -& ia  (0.8) 

t e t r a p t e r a  E l l i s .  (1. 
m f i s l a e v i q a t a  W i l l d .  (2.8) -- - 
F o r e s t i e r a  acumi nata - (Michx. ) 

a n o l i a  v i r g i n i a n a  L. (1.0) 
i u i  a T i b T s t  r a c i f l u a  L. ( 4  y .  -- (0.6 

C y r i l l a  r a c e m i f l o r a  L. 

p a r v i f  1 

P o i  r.  

08) 
1 

o r a  M i  -- chx. b, 

( con t inued)  

2 1 



Tab1 e 4. (Concluded. ) 

Common name S c i e n t i f i c  name 

Tupelo, Ogeechee Nyssa ogeche Ba r t r .  (11.0) 
water  Nyssa aquat ica L. (29.9) 
swamp (blackgum) Nyssa b i f l o r a  Walt. (N. s l v a t i c a  var .  b i f l o r a  

( i K E T ~ a r q . b )  75.* 
b lack  (sourgum) ~ y s s a ~ s u l v a t i c a  Marsh: (N: - s y l v a t i c a  Marsh. 

var . syl :at 1 cab) 
Viburnum, wi  therod Viburnum cass i  n o ~ d e s  L. 
Walnut, b lack  -nigra L. 
W i  11 ow, b lack  S a l i x  n i g r a  Marsh. (0.4) 

a In t roduced exo t i  c species. 
b ~ c c o r d i n g  t o  L i t t l e  (1979). 
"adford and others  (1968). 
d ~ i  t t l e  (1979) does not  recognize Quercus hemisphaerica as a separate 
species. 

Acres 
6 .  - Lower Lower Lower 

r i v e r  f rom r i v e r  f rom r i  ver  f r om  
Mapping Upper M idd le  Wewahitchka Sumatra m i l e  10 
ca tegory  r i v e r  r i v e r  t o  Sumatra t o  m i l e  10 t o  mouth To ta l  

Pine 
Sweet gum- 

Sugarberry- 
Water oak- 
L o b l o l l y  Pine 

Water h ickory -  
Sweet gum- 
Overcup oak- 
Green ash- 
Sugarberry 

Tupelo-cypress 
w i t h  mixed 
hardwoods 

Tupelo-cypress 
P i  oneer 
Marsh 
Open water 
U n i d e n t i f i e d  

To ta l  



A ~ a l  ach i co l a  f l o o d  pf a i n  remains r e 1  a t i v e -  
I v  i n t a c t  as a  f t i n c t i ona l  bottom1 and 
hardwood s  vstem. 

- 
Tupelo, gum, and cvpress species a re  

- dominant i n  t h e  upper f l o o d  p l a i n  (Table 
4 ) -  The lower f l o o d  p l a i n  i s  
cha rac te r i zed  by coas ta l  p l  a i n  p i n e  
f 1  a t  lands, coas ta l  dunes ( s h o r t l e a f  oine, 
t i t i ,  and hayhead) and f reshwate r  and 
b rack i sh  marshes. Various f o r e s t  
assoc ia t ions  occur i n  d i f f e r e n t  r e q i  ons o f  
the  bas i n  (Table 4 )  (Lei tman lQ83, H. M. 
Lei tman e t  a l .  1982): ( I )  The 
sweetgum/suqarberr y/ water o a k / l o b l o l  1  y  
p i ne  assoc i a t i on  i s  found i n  d r y  t o  damp 
s o i  1s o r  wet1 and-toupl and / t rans i  t i  on 
areas. These f o r e s t  tvpes decrease i n  t h e  
area w i t h i n  t h e  b a s i n  as t h e  r i v e r  
approaches the coast.  ( 7 )  The water 
h i  ckory/sweet qum/overcup oak/qreen 

ash lsuqarber ry  assoc i a t i on  covers about 
78% of the f l o o d p l a i n  ma in l y  i n  the  uDper 
and midd le  reaches of the  r i v e r  basin.  
Th i s  assoc ia t ion  i s  no t  common i n  the  
lower reaches o f  the va l l e y .  ( 3 )  The 
water t upe l  o /og~echee t upe l  o/bal  dcvpress 
assoc i a t i on  i s  found i n  d r y  t o  sa tu ra ted  
s o i l s  and i s  concentrated a lonq waterways 
and r e l i c t  waterways i n  t h e  lower  reaches 
of t he  r i v e r  basin.  ( 4 )  The water 
t u p e l o l b a l  dcypress assoc i a t i on  i s  l o ca ted  
i n   dam^ t o  sa tu ra ted  s o i l s  a lonq the  
e n t i r e  l e n q t h  o f  the  r i v e r .  P ioneer  
assoc ia t ions  are dominated by a  narrow 
zone o f  b lack  w i  1  low i n  areas inundated 
more than 25% o f  the t ime. Marsh areas 
are l oca ted  a lonq the  lower  r i v e r .  Water 
depth, du ra t i on  o f  i nunda t ion  and 
sa tu ra t ion ,  and f l u c t u a t i o n s  i n  water 
l e v e l s  a l l  c o n t r i b u t e  t o  the composi t ion 
o f  t he  wet land f o r e s t s .  These cond i t i ons  

1 0 0 - Y  R  
FLOOD - - H U R R I C A N E  - FLOOD 

A L L U V I A L  
SOILS 

F igu re  18. F requen t l y  f looded areas and s o i l  a ssoc i a t i ons  i n  the  Apalachico la  R ive r  
Bas in  ( taken from t h e  F l o r i d a  Department o f  Admini s t r a t i o n  1977). 
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are dependent t o  a  l a r q e  degree on water- F i qu re  3) and a lonq  t he  bays ide o o r t i o n  of 
shed runo f f ,  f l ood  p l a i n  toooqraphic  t he  h a r r i e r  i s l ands .  L i m i t e d  marshes a re  
r e 1  ief ,  and dra inage c h a r a c t e r i s t i c s .  l o ca ted  a long  t h e  main land e a s t  and west 

o f  t h e  Apa lach ico la  R i v e r  mouth. The East  
b. Marshes. Most of the i n t e r t i d a l  Bay marshes dominate t h e  system by area 

areas around t h e  e s t u a r y  a re  surrounded by (Table 1) w i t h  l e sse r  marsh development 
freshwater,  brackish, and s a l t w a t e r  a long  St.  V incent  Sound and a long  t h e  
marshes (F igure  19). The freshwater and 1  aqoonal p o r t i o n s  of St.  Georqe Tsl  and and 
brack ish-water  marshes a re  cha rac te r i zed  Dog T s l  and. The marsqes i n  t h e  e n t i r e  bay 
by b u l l  rushes (Sc r i  pus spp. ), c a t t a i  1  s  system comprise approx imate ly  14% o f  t he  
(Tvpha spp.), saw grasses (Cladium spp. ), t o t a l  water sur f  ace. 
cordgrass (Spa r t i  na spp. ), and needlerush 
(Juncus roe-). S a l t  marshes o f  t h e  The Apal ach i co l  a  marsqes a re  
r e g i o n  are represented by black needle- s i g n i f i c a n t  f eedi nq and r e p r o d u c t i v e  zones 
rush, cordgrass, D i s t i c h 1  i s  sp icata,  and f o r  va r ious  aqua t i c  and t e r r e s t r i  a? 
Sa1 i c o r n i  a  spp. Ma jo r  marsh development spec ies ( L i v i n g s t o n  1Q83c). V e r t i c a l  and 
i s  found a long the lower  f l ood  p l a i n  and l a t e r a l  s t r a t i f i c a t i o n  of t h i s  h a b i t a t  has 
areas ad jacent  t o  East  Say. These marshes p rov ided  condi t i  ens t h a t  house and feed 
are dominated by m i  xed freshwater species. some o f  t h e  most impor tan t  species 
S i m i l a r  marsh assoc ia t ions  are found i n  (eco log ica l1 .y  and commerc ia l l y )  i n  t he  
t he  New R i ve r  and Ochlochonee R i v e r  r i v e r - b a y  system. 
drainaqes t o  the  east .  Narrow stands o f  
b rack i sh  water marshes occur  3.5.7. Seagrass Reds 
i nterrni t t e n t l  y a1 ong t h e  1  aqoonal 
i n t e r f a c e  o f  t he  A l l  i q a t o r  Po in t  pen insu la  Grassbeds i n  t h e  Apa lach i co l a  e s t u a r y  
( a t  the extreme east  end of the  system; (F i gu re  19) account f o r  about 10% o f  the  

.. '. . . . . , , . .-.. . . , 

" ...,,., . ~ -.,.. -- 3.. " ,% . . . .. ,- ,. .. 
-3, .,,,"b. ,. .*" 

, , , ... , . . ,," . , ., 

. . 

2- 

Figure 19. D i s t r i b u t i o n  o f  the marshes and submer~en t  vege ta t ion  i n  the  Apal ach i co l a  
estuary  (data compiled from a e r i a l  photographs and g round- t ru th  observa t ions  by d i v e r s )  
(see L i  v ings ton  1980a). 

2 4 



t o t a l  water area (Tab le  1). ~ x c ~ o t  f o r  
c e r t a i n  areas a lona  t h e  eas te rn  po r t i ons  
o f  S t .  Georqe Sound, submerqed veqetat  i o n  
i n  the  Apa lach ico la  e s t u a r y  i s  l i q h t -  
l i m i t e d  by h i ah  t u r b i d i t y  and water co l o r .  
Hiqh sedimentat ion and resuspension of 
sediments i n  t he  e s t u a r y  may a l so  a f f e c t  
the seaqrass bed d i s t r i  b u t i  on. Teaqrasseg 
and a l g a l  associ  a t i  ons are 1  a rqe l  v  
conf ined t o  f r i n g e s  of t h e  eet t larv  a t  
depths of l e ss  than 1 m. The I a r q e c t  
coocent r a t i o n  of these Submersed qracebeds 
i s  i n  eastern St. Georqe qounrl; s ~ c h  
seaqrass beds a1 so occur i n  upper Eact 
Bay, i n s i d e  St .  Georse I s l a n d  i n  
Apa lach ico la  Bay, and i n  western St.  
George Sound. I n  East  Say, f reshwater and 
b rack i  sh-water spec ies ( V a l l i s n e r i a  
amer i cana , -??-= mar i t ima ,  and 
Potamoqeton sp. a re  oredomi nant-. Grass 
beds along t he  main land e a s t  of t he  r i v e r  
are dominated by Ha lodu le  w r i q h t i i ,  
Syr ingodium fil iforme, and Tha lass ia  
testudinum. The sha l l ow  laqoonal  f l a t s  o f  
A l l i q a t o r  Po in t ,  Dog I s l a n d ,  and S t .  
Georae I s 1  and a r e  o o ~ u l  a t ed  bv H a l o d t ~ l e  
w r i q h t i i ,  G r a c i l a r i a '  spp., and <yr ingodium 
f i l i f o r m e .  Few i f  any qrassbeds a re  found 
i n  C t .  V incent  Sound. 

As a  h a b i t a t ,  seaqrass beds p rov ide  
o rgan ic  ma t t e r  and s h e l t e r  f o r  va r ious  
i n f  aunal and ep i  b e n t h i c  i n v e r t e b r a t e s  and 
f i shes .  

2.5.3. Sof t -Rot tom Subs t r a tes  

Muddy, s o f t  bot tom subs t ra tes  
comprise about 79% o f  the  ouen water zone 
of the  Apa lach i co l a  Rav svstem and a re  
thus the dominant h a b i t a t  form i n  t h e  
area. The r e l a t i v e  compos i t i on  of t he  
sand, s i l t ,  c l a y  and s h e l l  f r a c t i o n s  of 
t he  sediments depends on p r o x i m i t v  t o  
land, r u n o f f  cond i t i ons ,  water  cu r ren ts ,  
and t rends  o f  b i o l o q i c a l  p r o d u c t i v i  t v .  
Sediment t vpe  and assoc ia ted  water-qua1 i t y  
cond i t i ons  i n  t h e  b e n t h i c  h a b i t a t  
determine t he  compos i t i on  o f  i n fauna l  and 
ep i  f aunal h i  01 o q i  c a l  componen t s  . 
Recru i  tment and community composi t i  on of 
the  ben th ic  i n v e r t e b r a t e s  ( m ~ i o f  auna and 
macrof auna) mav depend on t h e  d i s t r i b u t i o n  
of f l o c c u l e n t  resuspended sediments and 
bedload t r anspo r t .  The ~ n v e q e t a t e d ,  so f t -  
bot tom h a h i t a t  i n  t h e  ~ ~ a l a c h i c o l a  Ray 
system represen ts  t h e  bas i s  f o r  imoor tan t  
food web r e l a t i o n s h i p s  i n  t h e  estuary .  

7.5.4. Oyster  B a r s  

The A p a l a c h i c o l a  e s t u a r y  i s  an i d e a l  
environment f o r  t h e  g row th  and c u l t u r e  o f  
the  oys te r  ( ~ r a s s o s t r e a  
ovs te r  bars t h a t  c o v e r  - -  - . . .  

aaua t i c  area of t h e  bav  system (Tab le  1) 
are  an impo r t an t  h a b i t a t  f o r  va r ious  
assembl aqes of e s t u a r i n e  organisms. Ma~ior 
oys te r  beds are l o c a t e d  i n  S t .  V incent  
Sound, west St.  George  Sound, and t h e  East 
Rav-Aoal ach i  c o l  a  Ray complex ( F i q u r e  30). 
New ( cons t r uc ted  o r  a r t i f  i c i  a1 ) oys te r  
r e e f s  are l o c a t e d  i n  eas te rn  p o r t i o n s  o f  
S t .  V incent  Sound. The h i q h l y  p roduc t i ve  
n a t u r a l  oys te r  b a r s  of S t .  V incen t  Sound 
and western S t .  Georqe  Sound rep resen t  the  
p r imary  c o n c e n t r a t i o n s  of commerci a1 
ovs te rs  i n  the  e s t u a r y .  The waters  o f  
bo th  areas are we1 1  c i r c u l a t e d  by  t he  
p reva i  1  i n q  c u r r e n t s  and  a re  cha rac te r i zed  
by s a l i n i t y  c o n d i t i o n s  op t ima l  f o r  oys te r  
propaqat i nn and q r o w t h  ( I - i v inqs  t o n  1983c, 
d ) .  The r e e f s  n e a r  t h e  seaward edge o f  
the  hay t h r i v e  when t h e  r i v e r  i s  h igh  
w h i l e  those near t h e  r i v e r  mouth do w e l l  
du r i nq  cond i t i ons  of l ow  water. 

Whi t f i e l d  a n d  Reaumariaqe (1977) 
es t imate  t h a t  a b o u t  40% o f  Apa lach i co l a  
Bay i s  s u i t a b l e  f o r  q row inq  o y s t e r s  but  
t h a t  subs t r a t e  t y p e  i s  a  major  l i m i t i n g  
f a c t o r .  Rapid o v s t e r  qrowth due t o  
f avo rab le  env i r o n m e n t a l  cond i t i ons  
accounts f o r  t he  f a c t  t h a t  over  90% o f  
F l o r i d a ' s  ovs te rs  (8%-10% n a t i o n a l 1  y )  come 
f rom t he  A p a l a c h i c o l a  es tuary .  

7.5.5. Nearshore G u l f  Environment 

The sha l low nea rsho re  q u l f  i s  a  
drowned a l l u v i a l  p l a i n  q rad inq  i n t o  a  
l ime r t one  p l a t e a u  t o  t h e  eas t  and south 
(McNul t y  e t  a l .  1972). The eas te rn  Gu l f  
o f  Mexico i s  c h a r a c t e r i z e d  by moderate ly  
h igh-enerqy sand beaches.  The n o r t h  q u l f  
coast  sedimentary  p r o v i n c e  con ta ins  r e 1  i c t  
sand west of the A p a l a c h i c o l a  d e l t a .  The 
Miocene r e l i c t  s a n d s  and c l a y s  o f f  the  
Apal ach i  c o l  a  emha w e n t  qrade i n t o  quar tz  
sand and mud over  1  imes tone  c h a r a c t e r i s t i c  
o f  the  extreme e a s t e r n  q u l f  reg ion.  Much 
o f  t he  water m o t i o n  a l o n g  t h e  sha l low West 
F l o r i d a  Shelf  i s  due  t o  t i des ,  a l though 
wind e f fec ts  a re  e v i d e n t ,  e s p e c i a l l y  i n  
w i n t e r  when c o l d  f r o n t s  move throuqh t he  
area. The h i g h - s a l  i n i t y  coas ta l  waters 
a re  we1 1  mixed e x c e p t  d u r i n q  warmer months 



Figure 20. Distribution of oyster bars and sediments in the Apalachicola estuary (data 
from h is to r ic  records, personal i nformation from oyster dealers in Apal achicol a, f ie ld  
observations by F.S.U. f i e l d  personnel, and records from the Florida Department of 
Natural Resources) (Livingston 1980a). (This chart i s  currently being updated. ) 

when a thermocline separates the cooler 
bottom waters from the surf ace .waters. 

Organisms i n  near-shore areas are  
part  of a temperate sand community (Jones 
e t  a l .  1973; Smith 1974). The shallo* 
(10-20 m )  shelf  benthos r e f l e c t s  the  
in t rus ion of tropical  species in both 
sandy areas and rocky outcrop substrates.  
The northeastern gulf l i e s  i n  the Carolina 
Zoogeographic Reqion w i t h  a warm-temperate 
f i s h  fauna. F i s h  assemblaqes are  
character? zed by high endemi sm and high 
species d ivers i ty  due, i n  part ,  to  a 
number o f  eurythermic tropi cal species. 
The northeastern Florida gulf coast has a 
r e l a t i ve ly  h i q h  f ishery potential  fo r  
crustaceans and f in f i shes  (Jones e t  a l .  
1973; Smith 1974). 

2.6. NATURAL RESOURCES OF THE 
APALACHICOLA DRAINAGE SYSTEM 

There are several natural a t t r ibu tes  
of the Apalachicola drainage svstem that  
make i t  unique among Florida and North 
American r iver  es tuar ies  (Livings ton and 
Joyce 1977). The s t r a t eg i c  placement of 
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the drainaqe, together w i t h  the re1 ativel y 
unspoiled natural components--streams, 
r ivers ,  wet1 ands, estuary, offshore qulf-- 
have combined to  create the conditions for 
speciose and unique assembl aqes of 
t e r r e s t r i  a1 and aquatic organisms. I n  
many ways, the Apalachicola system i s  an 
important dispersal route f o r  temperate 
species of plants and animals from the 
high elevations of the southeas tern United 
States to  the Gulf of Mexico. 

The following i s  an abbreviated 
summary of such a t t r ibu tes :  

1. The Aoalachicola ranks as one of 
the great r ivers of the United States and 
i s  the largest  r iver  ( i n  terms of flow) in 
Florida. I t  i s  the only r iver  in Florida 
t o  s t re tch from the Piedmont t o  the Gulf 
of Mexi co . 

3. The area of forested floodplain 
i s  the qreatest  of a l l  r iver  systems in 
Florida. The dense1 y fores ted,  hottom- 
land hardwood wet1 ands of the Abal achicola 
River have the highest 1 i t t e r - f a l l  
producti on ra tes  of the worl dwi de warm- 



temperate systems t h a t  have been s t ud i ed  o r i g i n a t e d  i n  t h e  system. E x i s t i n g  
(Mattraw and E lde r  1980). f reshwater spo r t  and commerci a? f i s h e r i e s  

are d i ve r se  and r i c h .  The Apa lach ico la  
3. N u t r i e n t  l e v e l s  a re  h i ghe r  i n  t h e  R i ve r  i s  t he  o n l y  r i v e r  on the  F l o r i d a  

A ~ a l a c h i c o l a  wet lands than i n  most gu l f  coast  t h a t  supports a  s t r i p e d  bass 
comparable s  vstems throuqhout  t he  no r t he rn  (Yorone s a x a t i l  i s )  f i s h e r y  ( L i v i n q s t o n  and 
hemi sphere. The Apal ach i  co l  a  wet1 ands J m 9 n i s  f i s h e r y  i s  based on a  
c o n t r i b u t e  s i q n i f  i c a n t  q u a n t i t i e s  o f  popu la t i on  t h a t  i s  endemic t o  t h e  r i v e r  
n u t r i e n t s  and o rqan i c  ma t t e r  t o  r i v e r  and and considered a  separate race  f rom t h e  
bay areas. Requl a r  seasonal f 1  oodinq by A t l a n t i c  coas t  s t r i p e d  bass. 
t h e  cu r ren t1  v  f r e e - f l  owi ng r i v e r  i s  
necessary f o r  mobi 1  i z a t i o n  o f  p a r t i  c u l  a te  8. Exc l ud i nq  f ishes, t h e  

o rgan i c  ma t t e r  (POM) and n u t r i e n t s  ou t  of Apal ach i co l  a  R i v e r  system con ta ins  over 

t h e  f l o o d p l a i n  (Mattraw and E lde r  1980). 750 species o f  ve r tebra tes .  The h i ghes t  
species d e n s i t y  o f  amphibians and r e p t i l e s  
i n  Nor th  America ( n o r t h  of Mexico) occurs 

4. The A w l  ach i co l  a  dra inage system in the upper ADal achi col a basin (Means 
i nc l udes  a  qroup o f  e c o l o q i c a l  req ions  1977). The abundant and d i ve r se  b i r d  
t h a t  c o n t r i b u t e  t o  soec iose and unique fauna is concentrated in the floodplain 
p l  ant assoc ia t ions .  The f l o r a  comori ses forests. Two species considered exti net, 

Of which l7 are the  i v o r y - b i l l e d  woodoecker (Campephilus 
endanqered, 28 a re  threatened, and 30 a re  and Sachman's sparrow 
r a r e .  Nine spec ies are n a r r o w l y  endemic i s ) ,  were l a s t  s iqhter l  

4pal  ach i  c o l  a  area (Means 1977). 
?' are endemic t o  the qeneral system. These species 

are p a r t  o f  a  qrowing l i s t  o f  approx i -  
mate1 y  f i f t y  soec ies o f  amphibians, 

5. The A~alachicola provide birds, and mammals t h a t  are 
tat for rich The cons idered endangered, threatened, rare, 

bas i n  r ece i ves  b i o t i c  exchanges and i n ~ u t  of special concern, or of undetermined 
f rom t h e  Piedmont, the  A t l a n t i c  Coacta l  status, 
P la in ,  t he  G u l f  Coasta l  P l a i n ,  and 
pen insu la r  F l o r i d a .  The f 1 oodpl a i  n  9. The Apa lach i co l a  estuary,  w i t h  

with Over 750 species of i t s  b a r r i e r  i s lands ,  represents  a  major  ve r t eb ra tes ,  i s  one of t h e  most impor tan t  for qulf miqratory bird species. 
animal h a b i t a t s  of the  Southeast (Means The estuary has the hiqhest density of 
1977). n e s t i n g  osoreys (Pandion ha1 i aetus) a long  

6. t he  no r t heas t  F l o r i d a  g u l f  coast  (E ichho lz  Of t h e  dra inaqes of t he  lQ80). 
Apa lach ico l  an and West F l o r i d i a n  mol luscan 
p rov i nce  ( f rom the  Escambi a  R i v e r  t o  the  10. The Apa lach ico la  Ray system i s  
~uwannee ~ i v e r ) ,  t h e  Apa lach i co l a  R i ve r  one of t he  r i c h e s t  and l e a s t  p o l l u t e d  such 
con ta ins  the  l a r q e s t  t o t a l  number of areas i n  t h e  U n i t e d  States.  The es tua r y  
species freshwater gastropod and now prov ides  over 90% of F l o r i d a ' s  oys te r s  
b i v a l v e  mol lusks.  The r i v e r  con ta ins  the  and is part of a  major  nq ground f o r  
q r e a t e s t  p r o p o r t i o n  of endemics t o  t he  b l ue  crabs a lonq t h e  F l o r i d a  qu l f  coast  
t o t a l  fauna i n  t h e  prov ince,  w i t h  a t  l e a s t  ( ~ i ~ i ~ ~ ~ t ~ ~  and J~~~~ 1977). ~h~  bay 
s i x  r a r e  and endangered species ( two serves as an impo r t an t  nu r se r y  f o r  penaeid 
Amblemids, f ou r  Un ion ids )  (Heard 1977). shr imp and f i n f i s h e s  and i s  cha rac te r i zed  

by some o f  t h e  h i qhes t  d e n s i t i e s  of 
7. The t r i - r i v e r  v a l l e y  i s  i n f  aunal i n v e r t e b r a t e s  o f  any comparable 

cha rac te r i zed  bv a  r i c h  f i s h  fauna (116 area in the United States. 
soec ies )  (Yerger 1977). The Apal ach i co l  a  
bas i n  con ta ins  more f i s h  spec ies (85)  than  11. The h i a h l y  p r o f i t a b l e  
any o t h e r  F l o r i d a  r i v e r .  Th ree  soecies A ~ a l a c h i c o l a  ovs te r  i n d u s t r y  and var ious 
(No t rop i s  c a l l  i t a e n i a ,  N. z o n i s t i  us, spo r t  and commercial f i s h e r i e s  d i r e c t 1  v 
Moxostoma sp. ) a re  r e s t z c t e d  t o  t he  and i n d i r e c t l y  p rov i de  t he  economic and 
Apa lach i co l a  R i ve r  and i t s  major  c u l t u r a l  bas i s  f o r  a  h igh D ropo r t i on  of 
t r i b u t a r i e s ,  w h i l e  a  f o u r t h  spec ies ( t he  t he  people i n  the  r eq i on  ( L i v i nas ton  
" handpai n t "  b l  ueqi  11, Lepomi s  macrochi r u s )  lQ83c) .  
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CHAPTER 3 
PRIMARY PRODUCTIVITY AND NUTRIENT CYCLING 

Most a q u a t i c  systems such as r i v e r s  
and e s t u a r i e s  depend on sources of o rqan ic  
ma t t e r  o u t s i d e  the system (i .e., 
a1 1 ochthonous: d i s s o l v e d  and p a r t i c u l a t e  
o rqan i c  m a t t e r  f r o m  associated wet lands)  
and w i t h i n  t h e  system ( i  e .  , autoch- 
thonous: phy top l ank ton ,  benth ic  p l an t s ) .  
I no rqan i  c  n u t r i e n t s  (phosphorus, n i t r o g e n )  
and o rgan i c  m a t t e r  ( d i  ssolved, p a r t i c u -  
l a t e )  a r e  swept i n t o  aquat ic svstems by 
r a i n f a l l ,  over1 and runo f f ,  and r i v e r  
f 1 oodinq. The e x t r e m e l y  complex chemical 
processes i n v o l v e d  i n the t rans fo rmat ion  
of n u t r i e n t s  i n t o  p l a n t  and animal biomass 
a r e  no t  w e l l  unders tood  and are i n t r i -  
c a t e l y  r e l a t e d  t o  m i c rob i o l og i ca l  
a c t i v i t y .  One i m p o r t a n t  qeneral i z a t i o n  
based on t he  l o n g - t e r m  f i e l d  s tud ies  i s  
t h a t  t h e  Apal a c h i c o l a  es tuarv  i s  
i n e x t r i c a b l y  l i n k e d  t o  the r i v e r  i n  terms 
o f  f reshwater i n p u t  and t he  movement o f  
d i s so l ved  and p a r t i c u l a t e  organic m a t e r i a l  
i n t o  t h e  estuary .  R ive r  inpu t  i s  sea- 
s o n a l l v  and annual  l y  pulsed, and such 
i n f l u x  o f  m a t e r i a l s  has an impor tant  
i n f l u e n c e  on a1 lochthonous and 
autochthonous sou rces  of orqanic mat te r  
throughout  t h e  Apal  a c h i c o l  a  estuary. 

e t  a l .  1977; E lder  and Ca i rns  1982; E lder  
and Mattraw 1982; Mattraw and E lde r  1980, 
1982). Over time, t he  Apal ach i co l  a  R i v e r  
has meandered i n  broad curves through t he  
f l o o d  p l a i n .  E ros iona l  and d e p o s i t i o n a l  
processes have l e d  t o  t h e  development o f  
shoals, backswamps, channels, s l  ouqhs, 
levees, and oxbow lakes. The dynamics o f  
the Apa lach ico la  R i v e r  a f f e c t  the  
t r anspo r t  o f  d i s so l ved  and p a r t i c u l a t e  
substances i n t o  r e c e i v i n g  aqua t i c  areas. 
However, such t r a n s p o r t  of a1 lochthonous 
substances depends on complex i n t e r a c t i o n s  
o f  r i v e r  f l o o d i n g  w i t h  f a c t o r s  such as 
wet1 and p r o d u c t i v i t y ,  decomposit ion 
processes, t he  t i m i n g  and r e 1  a t i v e  he i gh t s  
o f  t h e  f l o o d  staqe, t he  he i gh t s  o f  
surrounding 1 ands, s o i  1  tvpes, and 
drainage c h a r a c t e r i s t i c s  o f  the  f l o o d  
p la in .  The u n i f y i n g  c h a r a c t e r i s t i c s  of 
the  wet land i npu t s  are t h e  d i s t r i b u t i o n  
and environmental  f unc t i ons  of t h e  
bottom1 and hardwood f o r e s t s  of t he  
Apa lach ico la  f l o o d p l a i n  (F i gu re  21). 

N u t r i e n t  f l u x e s  and p r imary  EVAPO-TRANSPIRATION 

p r o d u c t i v i t y  o f  t h e  ri ver-estuary system RAIN 4 DISCHARGE 

have been s t ud i ed  f o r  over a  decade; t h e  
f o l l o w i n g  i s  a  r e v i e w  of the a v a i l a b l e  
i n f  ormat i on c o n c e r n i  ng the Apal ach i co l  a  
system. 

DISTRIBUTION DETRITUS 

3.1. PRIMARY PRODUCERS 

3.1.1. Allochthor.ous Sources 
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a. Freshwater  wet1 ands. The F i gu re  21. N u t r i e n t / d e t r i  t u s  t r a n s p o r t  
product  i on and decomposi t ion of o rgan ic  mechanisms and long- term f 1 uc tua t i ons  i n  
ma t t e r  i n  t h e  f l oodp la i n  wet lands d e t r i t a l  y i e l d  t o  t he  Apa lach i co l a  R i ve r  
represen ts  one f ace t  of es tua r i ne  f l o w  (mod i f i ed  f rom Mattraw and E lde r  1980 
p r o d u c t i v i t y  ( L i v i  n!Iston 1Q81a; L i v i  ngston and L i v i n g s t o n  unpubl . ). 



General p l a n t  d i s t r i h u P i o n  i n  the  
r i v e r i n e  wet lands i s  assoc ia ted  w i t h  
topoqraphic  fea tu res  of t h e  f l o o d  p l a i n  
and sur round i  nq f o res ted  low1 ands (Clewel 1  
1978). H. M. L e i t v a n  e t  a1. ( l o g ? )  showed 
t h a t  t he  he i qh t  of n a t u r a l  r i ve rbank  
levees and t h e  s i z e  and d i s t r i b u t i o n  o f  
levee breaks c o n t r o l  f l oodp l  a i  n  hyd ro l oq i c  
cond i t i ons .  Veqe ta t i  Ve COmuosi t i o n  i s  
h i q h l y  c o r r e l a t e d  w i t h  dep th  o f  water, 
d u r a t i o n  of i nunda t i on  and s a t u r a t i o n ,  and 
water l e ve l .  Lei tman (1978, 1983) and 
Leitman and Sohm (1981) descr ibed  i n  
d e t a i l  the  d i s t r i b u t i o n  o f  f l o o d p l a i n  
t r e e s  i n  t he  Apal a c h i c o l  a drainaqe. 
Accord ing t o  these s t ud i es ,  p i n e  f 1  atwoods 
and lob1  01 l y  p i  ne-sweetgum associ  a t i  ons 
a re  o f ten  found on e l eva ted  s lopes w h i l e  
more mesi c  hardwoods i nhabi t the  1  evees. 
R i ve r  banks are occupied by w i l l ows  and 
b i rches .  Terraces o r  bas i n depressions 
a re  i n h a b i t e d  by hardwood swamp species. 
Cypress- tupelo assoc i  a t i o n s  are o f t e n  
l o c a t e d  i n  sloughs. Sackswamps are 
cha rac te r i zed  by  b l  ackqum and sweetbay 
assoc i  a t  i ons . 

The bot tomland hardwood communitv of 
t h e  Apa lach ico la  f l o o d p l a i n  produces l a r a e  
amounts o f  p o t e n t i  a1 l y  e x p o r t a b l e  ma te r i  a1 
(E lder  and Ca i rns  1982). The weighted 
mean o f  l i t t e r f  a l l  was 800 qrams m-7 w i t h  
o v e r a l l  annual d e p o s i t i o n  w i t h i n  t h e  454 
km7 bottom1 and hardwood f 1  ood p l  a i  n  of 
360,000 m e t r i c  tons (mt)  (396,720 t ons )  of 
o rgan i c  mat ter .  These p roduc t i on  l e v e l s  
a re  s i m i l a r  t o  those observed i n  equa- 
t o r i a l  f o r e s t s  b u t  a re  h i q h e r  than those 
noted i n  coo l  temoerate f o r e s t s  and most 
warm-temperate fo res ts .  Levee veqet a t  i on 
produced more 1  i t t e r f  a1 1  per qround 
su r f ace  area than d i d  t h e  swamu 
veqetat ion.  The seasonal d i s t r i b u t i o n  of 
1  i t t e r f  a1 1  was c h a r a c t e r i z e d  by a  sharp 
l a t e  autumn peak. The t h r e e  most abundant 
f l o o d  p l a i n  t r e e  spec ies ( t u p e l o ,  cypress 
and ash) accounted f o r  over  50% of the 
t o t a l  l e a f - f a l l ,  even though these  spec ies 
were t he  l e a s t  p r o d u c t i v e  of those 
analyzed on t h e  bas i s  o f  mass-per-stem 
b i  omass. 

Annual f l o o d i n g  i s  a  ma jo r  f a c t o r  f o r  
mobi 1  i z a t i  on o f  substances ou t  of the  
f l ood  p l a i n .  F l ood ing  leads  t o  immersion 
of 1  i t t e r  ma te r i  a1 , enhanced decomuosi t i  on 
r a t es ,  and t r a n s f e r  of t h e  breakdown 
p roduc ts  ( n u t r i e n t s  and r l e t r i  ~ U S )  t o  

assoc ia ted  aqua t i c  s y s t e m s  (Ca i rns  lq51, 
E l de r  and Cai rns 1082 ) .  The r i v e r  i s  thus 
c lose1 v  assoc i a t ed  w i t h  t h e  r i c h  
p r o d u c t i v i t y  of t h e  A p a l  ach i co l  a  wet1 ands 
and i s  the p r ima rv  a g e n t  f o r  movement o f  
o rgan ic  mat te r  ou t  o f  the  f l oodp la i n .  I n  
t h i s  way, the  f o r e s t e d  Apa lach i co l a  R i v e r  
f l o o d  p l a i n  i s  an i r n ~ o r t a n t  source of 
o rqan ic  carbon f o r  t h e  es tuary .  Tp r i nq  
f l o o d s  du r i nq  March a n d  A p r i l  of 1980 
depos i ted  35,000 rnt  (38,570 t o n s )  of 
d e t r i t u s  der i ved  f r o m  1  i t t e r f a l l  i n t o  t h e  
A ~ a l  achi c o l  a  e s t u a r y  (Mat t raw and E lde r  
1987). Dur inq one v e a r  o f  observat ion,  
t o t a l  o rqan ic  ca rbon  d e p o s i t s  i n  t h e  bay 
amounted t o  714,000 m t  (235,830 t ons ) .  
T o t a l  n i  t roqen  and t o t  a1 phosphorus i n p u t s  
t o  the r i v e r  d u r i n q  t h e  same p e r i o d  were 
71,400 (73,593) and 1,650 mt  (1,81P tons) ,  
r e s p e c t i  ve l  y  (Ma t t r aw  and E l d e r  1982). 
The annual d e t r i t a l  o r q a n i c  carbon i n p u t  
was 10,000 m e t r i c  t o n s  (Mat t raw and E lde r  
1982). Mattraw and E 1 der (1982) es t imated  
t h a t  an 86-dav p e r i o d  o f  w i n t e r  and s p r i n q  
f l o o d i n q  accounted f o r  53, 60, 48, and 56 
percent  o f  t he  a n n u a l  t o t a l  o rgan i c  
carbon, p a r t i c u l a t e  o r q a n i c  carbon, t o t a l  
n i  t roqen, and t o t a l  phosphorus t r anspo r t ,  
r espec t i ve l v .  F l o o d  c h a r a c t e r i s t i c s  are 
i m ~ o r t  ant de te rm inan t s  o f  t he  amounts and 
forms of t r a n s p o r t e d  m a t e r i  a1 s. Wh i le  
t h e r e  was an a n n u a l  ne t  expo r t  o f  
n u t r i e n t s  t o  t he  e s t u a r y ,  i t  i s  l i k e l v  
t h a t  the  wet land s y s t e m  ac ted  as a  
n u t r i e n t  s i nk  d u r i n q  c e r t a i n  per iods  o f  
t h e  vear. A1 thouqh n u t r i e n t s  a re  r e l eased  
t o  the  r i v e r  by f l o o d - p l a i n  vege ta t ion ,  
such compounds a r e  s u b i e c t  t o  a c t i v e  
r e c y c l i n q  w i t h i n  t h e  r e c e i v i n q  aqua t i c  
s  vs tems. 

The c o n s i d e r a b l e  expo r t  of 
p a r t i c u l a t e  ma t t e r  f r o m  t h e  f l o o d  p l a i n  i s  
cons i s t en t  w i t h  p r e v i o u s  f i n d i n g s .  
L i v i n q s t o n  (1981a) a n d  L i v i n g s t o n  e t  a l .  
(1976a) found a  rii r e c t  r e 1  a t i o n s h i p  
between r i v e r  f l o o d i n g  and t h e  appearance 
o f  micro-  and m a c r o p a r t i c u l a t e  ma t t e r  i n  
t h e  estuarv .  9esul t s  o f  long- term s tud i es  
o f  the  s i q n i f  i c a n c e  o f  r i v e r - d e r i v e d  
p a r t i c u l a t e  o rgan i c  m a t t e r  t o  t h e  es tua r y  
( L i v i n q s t o n  1981a, b)  i n d i c a t e  t h a t  t he  
exac t  t i m i n g  of t h e  peak  r i v e r  f l ows  and 
t h e  seasonal changes i n  t h e  o r o d u c t i v i t y  
o f  wet 1  ands v e g e t a t i o n  a re  kev 
determinants  of s h o r t - t e r m  f l u c t u a t i o n s  
and long-term t r e n d s  of the i n p u t  of 
a1 lochthonous o r q a n i c  m a t t e r  i n t o  t he  



Apalachico la  es tuary  (F igure 21) .  A 
l i n e a r  regress ion  o f  m i c r o d e t r i  t u s  and 
r i v e r  f l o w  by season (Table 5; F igure  22) 
showed seasonal d i f f e rences  i n  t he  
r e l a t i o n s h i p  o f  d e t r i  t a l  concen t ra t i on  and 
r i v e r  f l o w  ( L i v i n g s t o n  1981a) .  D u r i n g  
summer peeriods, the re  was no d i r e c t  
c o r r e l a t i o n  o f  r i v e r  f l ow  and d e t r i t u s  i n  
the  es tuary .  By the  f a l l ,  there was s t i l l  
no s i g n i f i c a n t  r e l a t i o n s h i p  a1 though t h e r e  
were occas ional  i n f l u x e s  o f  d e t r i t u s  w i t h  
minor peaks i n  the r i v e r  f low.  By w in te r ,  
however, a  s t r ong  d i r e c t  r e l a t i o n s h i p  was 
apparent  between m i c r o d e t r i  t a l  l o a d i n g  and 

r i v e r - f l  ow peaks. The w i n t e r  r eq ress i on  
d i f f e r e d  from t + a t  o f  t he  s p r i n q  d e t r i t a l  
loading,  which, though s i q n i f i c a n t l v  
assoc ia ted  w i t h  r i  ve r - f l ow  l eve l s ,  
r e q u i r e d  h iqher  r i v e r  l e v e l s  f o r  
comvarable concen t ra t ions  and l o a d i n q  o f  
d e t r i t u s .  Th is  ana l ys i s  i n d i c a t e s  t h a t  
the  deqree and t i m i n q  of r i v e r  f l o o d i n g  on 
a  seasonal bas is  a f f ec t s  t he  l e v e l  o f  
d e t r i t a l  l oad inq  t o  t h e  es tuary .  

There are va r ious  a d d i t i o n a l  sources 
o f  a l lochthonous n u t r i e n t s  and d e t r i t u s  
f o r  t he  Apa lach ico la  Q iver  and es tua r y  

Table 5. L inear  r e  ress ion  ( l o g / l o g )  o f  t o t a l  m i c r o d e t r i  tus  (ash- f ree  d r y  w e i g h t )  and 9 r i v e r  f l ow (m3 sec- ) by month/year by season (August 1975-Apr i l  1980), a t  s t a t i o n  7, 
l o ca ted  a t  the mouth o f  t h e  Apa lach ico la  R ive r .  Data a re  taken  f r o m L i v i n g s t o n  
(1981a). r = Pearson c o r r e l a t i o n  c o e f f i c i e n t .  

Stat ion/month r r 2  (S i gn i f i cance  o f  r )  

S t a t i o n  7 (Surface) 

June-August 0.08 0.23 0.39863 

September-November 0.48 0.23 0.03469 

December-February 0.70 0.49 0.00188 

March-May 0.77 0.60 0.00057 

S t a t i o n  7 (Mid-depth) 

June-August 0.35 0.12 0.11809 

September-November 0.19 0.04 0.25542 

December-February 0.64 0.40 0.00570 

March-May 0.68 0.46 0.00397 

S t a t i o n  7  (Bottom) 

June-August 0.08 0.01 0.40243 

September-November 0.21 0.04 0.22867 

December-February 0.77 0.60 0.00037 

March-May 0.55 0.30 0.02253 
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F i gu re  22. Regression ana l ys i s  o f  t h e  
r e l a t i o n s h i p  o f  m i c r o d e t r i  t u s  t o  
Apal ach i co l a  R i ve r  f l ow by season ( t o t a l s  
taken f rom s t a t i o n  7, su r face)  ( a f t e r  
L i v i n g s t o n  1981a). 

systems (Mattraw and E lde r  1982). These 
i nc l ude  headwater i n f l ow ,  t r i b u t a r y  and 
ground-water i n f  1 ow, up1 and p roduc t i v i t , y ,  
atmospheric f a1 l o u t ,  and p r o d u c t i v i t y  
w i t h i n  t he  aqua t i c  system i t s e l f .  The 
h y d r o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  r i v e r  
system i n f l u e n c e  bo th  t h e  t ype  o f  d e t r i t u s  
produced and t h e  q u a n t i t y  t ranspor ted,  
s i nce  t h e  wet land d i s t r i b u t i o n  i s  
determined by p a t t e r n s  o f  f l ood ing ,  and 
t he  same f l o o d i n g  p rov ides  an energv i n p u t  
as a t r a n s p o r t  medium. The J im Woodruff 
Dam removes p r a c t i c a l l y  a l l  t h e  
p a r t i c u l a t e  mat te r  f r om  t h e  F l i n t  and 
Chattahoochee drainages (Mattraw and E lde r  
1982), so t h e  Chipo la-Apalachico la  wet land 
area i s  t h e  p r ima ry  c o n t r i b u t o r  o f  o rgan i c  
d e t r i t u s  t o  the  bay system. 

b. Coastal  marshes. The p r imarv  
nonforested area i n  t he  bay system 
cons i s t s  of f reshwate r  and b rack i sh  
marshes i n  the  Apa lach ico la  d e l t a  j u s t  
above East  Bay (F igure  19). I n  p a r t s  o f  
East Say, marshes are dominated by  
bu l  l rushes  (Sc i rpus  spp. ), c a t t a i l s  (Typha 
domingensis), and o t h e r  f reshwate r  spec ies 
such as sawgrass (Cladium jarnaicense). 
Brackish-water species such as cordqrass 
and needle rush  are a l s o  found. The 

no r t heas t  s e c t i o n  o f  St.  V incent  I s l a n d  
has a wel l -developed brackish-water marsh. 

Kruczynsk i  (1978) and Kruczynsk i  e t  
a l .  (1978a, b )  have analyzed t h e  p r imary  
~ r o d u c t i o n  o f  ti da l  marshes domi nated by 
Juncus roemerianus i n  the  St. Marks 
Na t i ona l  W i l d l i f e  Refuge j u s t  eas t  o f  the  
Apal ach ico l  a estuary .  The authors 
cons idered such marshes r ep resen ta t i ve  of 
undeveloped wet1 ands i n  nor thwest  F l o r i da .  
Aboveground p roduc t i on  was measured i n  
each o f  t h r e e  zones based on s o i l  
c h a r a c t e r i s t i c s ,  e l eva t i on ,  and species 
assemblages. The h i gh  marsh areas were 
l oca ted  approx imate ly  600 m (1,969 f t )  
in land;  m idd le  marsh areas were loca ted  
approximate1 y 240-360 m (787-1,181 f t )  
f r om  t h e  bay; and low marsh areas were 
p laced  0-120 m (0-394 f t )  from the  bay. 
Based on carbon-14 methods, t h e  authors 
found t h a t  t o t a l  aboveground p roduc t ion  o f  
a n o r t h  F l o r i d a  Juncus marsh i s  8.5 t C 
ha-1 yr-1 (3.8 tons/acre/yr )  ( l ow marsh), 
5.7 t C ha-1 yr-l (2.5 tons /ac re / . v )  
(upper marsh), and 1.8 t C ha-1 ~ r - 1  (0.8 
t ons /ac re / . y  ) (h igh  marsh). Us ing average 
f i g u r e s  weighted by area f o r  an 
ex t r apo la ted  es t ima te  o f  marsh 
p r o d u c t i v i t y  i n  t h e  Apal ach i  c o l  a marshes 
(Table I ) ,  t h e r e  i s  an est imated net  
produ t i o n  o f  37,714 t .vyr-1 (41,561 E tlyr- ) i n  t h e  Apa lach i co l a  es tua r y  (East 
Bay, Apal ach i co l a  Bay, St.  V incent  Sound) 
and 46,905 t yr-l (51,689 tons/year)  i n  
t h e  e n t i r e  ba~y system. 

A comparison o f  these f i g u r e s  w i t h  
those f r om  o the r  areas (Table 6) i n d i c a t e s  
t h a t  p roduc t ion  o f  Juncus and Spa r t i na  
systems a lonq t h e  n o r m  G u l f  coast i s  
comparable t o  t h a t  i n  o t he r  marsh areas. 
Accord ing t o  Kruczynsk i  e t  a l .  (1978b), 
Spa r t i na  decomposes f a s t e r  than -3 1 U ~ C U S  SO 
n u t r i e n t s  f r om  t h e  former  may be more 
readi1.y avai  1 ab le  t o  assoc ia ted  es tua r i ne  
systems. 

3.1.2. Autochthonous Sources 

a. Phytoplankton. Phytoplankton a re  
ub i au i  t ous  i n  r i v e r s .  es tuar ies .  and 
coas ta l  systems. i h e  phytopl-ankton 
communi t y  represen ts  an impo r t an t  p a r t  of 
aqua t i c  ecosystems b o t h  f rom the  
s t andpo in t  o f  p r imary  productdon and as a 
key  e l emen t  i n  f o o d  webs. D ia toms a r e  
dominant i n  t h e  n e t  phytop lankton taken i n  



t h e  A ~ a l a c h i c o l a  es tua r y  t h r o u ~ h o u t  t h e    red om in ant i n  t h e  sp r inq ,  w h i l e  
year  able 7) ( ~ s t a b r o o k  1973) ." I n  East  Skeletonema - costatum, Rhi  zoso len i  a a1 a t a  
Bay, Me los i r a  q ranu la ta  i s  t h e  dominant and Coscinodiscus r a d i a t u s  p r e v a i  1 d u r i n q  
species; Chaetoceros l o r e n z i  anus i s  f a l l  and wi  n t e r  months. A1 thouqh t h e  
dominant i n  Apal ach ico l  a Bay. Species phy top lank ton  s tandina c rop  i s  q u i t e  low 
such as Chaetoceros l o r e n z i  anus, a t  any g iven t ime, ph.ytop1 ankton 
Bac te r i  astrum del icatulum, and p r o d u c t i v i t y  i s  o f t e n  q u i t e  h i qh  i n  areas 
T h a l a s s i o t h r i x  f r a u e n f e l d i  i are  such as t h e  Apa lach ico la  Bay system. 

Table 6. Net above-ground p r ima ry  p roduc t ion  o f  marsh p l a n t s  i n  va r ious  s a l t  marshes 
(Kruczynski  e t  a l .  1978b). 

Marsh p l a n t  and 
l o c a t i o n  

Net p r ima ry  p r o d u c t i v i t y  g/m2/yr 
LM UM HM Authors 

Spa r t i  na a1 t e r n i f  1 o ra  
FL 
N J 
DE 
NY 
G A 
New England 
G A 
MD 
NC 
N C 
LA 
G A 
LA 
V A 
DE 
NC 
V A 
G A 
G A 

Juncus roemeri  anus 
--lTf-- 

Kruczynsk i  e t  a l .  1978a 
Good 1965 
Morgan 1961 
Ude l l  e t  a l .  1969 
Small ey 1959 
Shea e t  a l .  1975 
Teal 1962 
Johnson 1970 
Stroud & Cooper 1968 
Marshal 1 1970 
Day e t  a l .  1973 
Schelske & Odum 1961 
K i r b y  1971 
Keefe & Boynton 1973 
Morgan 1961 
W i l l  iams & Murdoch 1972 
Wass & Wr igh t  1969 
Odum & Fanninq 1973 
Odum 1971 

Kruczynsk i  e t  a l .  1978a 
Gab r i e l  & de 1 a Cruz 1971 
Fos te r  1968 
N i l  1 iams & Murdoch 1972 
Stroud & Cooper 1968 
Heald 1969 
Waits 1967 
Kuenzler  & Ma rsha l l  1973 
W i l  l ingham e t  a1 . 1975 

LM = low marsh. 
UM = upper marsh. 
HM = h igh marsh. 
t = est imate by change i n  biomass method. 



Table 7. Presence/absence i n f o rma t i on  f o r  net  phytop lankton taken f rom t h e  
Apal ach i co l  a es tua r y  by month f rom October 1972 through September 1973 (Estabrook 
1973). x = presence. 

Phytop l  ank te r  1 2 3 4 5 6 7 8 9 1 0  

PHYLUM CHRYSOPHYTA --- 
Melos i r a  s u l c a t a  
Me los i r a  r a n u l  a t a  + Me1 os i r a  nummu o i  des 
Me los i r a  dub ia  
Me los i r a  v a r i  ans 
Skeletonema costatum 
Cosci nodiscus r a d i  a tus 
Coscinodiscus spp. 
Coscinodiscus a p i c u l a t u s  
Coscinodiscus w a i l e s s i  

X  X  
X X X  
X  X  

X  
X  
X  
X  

Chaetoceros spp. 
Chaetoceros l o r e n z i  anum 
Chaetoceros dec ip iens  
Chaetoceros didymus 
Chaetoceros c u r v i  setus 
Chaetoceros coa rc ta tus  
Chaetoceros b r a v i  s 
Chaetoceros a f f i n i s  
Chaetoceros compressus 
Chaetoceros p e r u v i  anum 
Chaetoceros g l  andazi i 
Chaetoceros p e l  ag i  cus 
Chaetoceros dani cum 
Chaetoceros cons t r i c t um  
Bac te r ias t rum de l  i c a t u l u m  

X 
X X X  

X  

X  
X  
X  

X X X  

( con t inued)  



Table 7. (Continued. ) 

Phy top l  a n k t e r  1 2 3 4 5 6 7 8  

Bac te r i as t r um  e lon  atum + R h i z o s d l e n i a a  a t a  
Rh i zoso len i a  imbr ica ta  
Rh i zoso len i a  se t i ge ra  
Rh i zoso len i  a bergon i i  
Rh i zoso len i a  soo. 

. . - . . . -. . . - - - . .. - 

~ s t e r i o n e l ~ s a  
Tha1 a s s i o t h r i m n f e l d i i  
T h a l  a s s i o t h r i x  medi ter ranea 
T h a l a s s i o t h r i x  longiss ima 
T h a l a s s i o t h r i x  n i t z sch i o i des  
L i  cmo~ho ra  abbrev i  a ta  
Rhabdonema adr i a t  icum 
P leuFos i  grna spp. 
Gyros i gma spp. 

L i  thodesmi urn undul atum 
T r a a i  1 a r ~  a  SDD. 

2 , . 
Diatoma spp. 
Nitzs-Eh;ia pungens 
N i t z s c h i a  
N i t z s c h i a  
N i t z s c h i a  
N i t z s c h i a  

SPP. 

W m  
paradoxa 

Grammato h o r a  marina 
Ada 
C~ a t o s i  r a  b e l g i c a  
T6hG-G spp. 
Svnedra SDD. 
-1 a' fas tuosa  
Cncnaneis d iscu lo ides  - - - - - . - - 

Schroedere l l  a  d e l i  ca tu l  a  
tucampi a  co rnu ta  

PHYLUM PYRROPHYTA 

Ce ra t i  um f urca  
Cerat ium tri os 
EEETKI &i ense 
Cerat i um fuses  
T%iEiE c o n c i l i a n s  
Ceratium tri choceros 
TGTZi iFurn spp. 
Pe r i d im i  urn grande(?) 

X  

X X X  X X X  
X X X X X  X  
X  X  X X X  

X  
X  

X  X  X  
X  X  
X  

X  

X  X  X X X X  
X  X  

X X X X X X X X  

X X X  X X X X  
X  

X X X X X X X  
X  

X  
X  

X  X 

X  

X X  X  X  X  
X  X X X X  
X  X X X X  

X  X  

X X X  
X  X X X X X X  

X  X  
X  X  

X X X X X  
X  

X X X  
X  

X 

X  

X  X X X  X X X X  

X X X X X X X X X X  
X X X X  X X X X  

X X X  X X X X  
X  

X 

X  
X  

( con t inued)  



Table 7. (Concluded. ) 

Phytopl ankter 1 2 3 4 5 6 7 8 9 1 0  

Dinophysis caudata 
diaqenesi s ( ? )  
tr i pos 

PHYLUM CHLOROPHYTA 

Pediastruin s i  
Pediastrum e up ex 
Pediastrum t e t r a s  var .  tetraodon 
Scenedesmusquadri cauda 

Studies by R. L. Iverson and h i s  
students i nd i ca te  tha t  phytoplankton 
p r o d u c t i v i t y  i s  an important source o f  
organic matter i n  the Apal achicol  a 
estuary. I n  general, phvtopl ankton qrowth 
depends on temperature, l i g h t ,  and 
ava i l  able nu t r i en ts  (n i t rogen,  phosphorus) 
(F iqure 23). Temperature i s  the primary 
l i m i  t i n q  f a c t o r  f o r  phytoplankton 
p r o d u c t i v i t y  i n  the estuary dur inq  the 
w in ter  months. Nu t r i en t  concentrat ions 
and poss ib ly  p redat ion  pressure con t ro l  
phytoplankton product ion from 1 a te  s ~ r i n q  
t o  the f a l l .  The u s u a l l y  low l e v e l s  of 
phytoplankton p r o d u c t i v i t y  dur inq  the  
w in ter  q ive way t o  peaks i n  d p r i l .  
Secondary peaks are noted dur inq  summer 
and fa1  1 months. 

The averaqe ~ 1 4  phytoplankton 
p r o d u c t i v i t y  (F iqure 23) ranged from 63 t o  
1,694 mq C m-2 day-1 (Estabrook 1973; 
L i v i ngs ton  e t  al .  1974). The r e l a t i o n s h i p  
of phytoplankton p r o d u c t i v i t y  and 
predat ion pressure from zoopl ankton has 
not been determined. However, since r i v e r  
discharge i s  strong1 y associated w i t h  
n u t r i e n t  concentrat ions i n  the estuary 
(L i v i nqs ton  e t  a l .  1974), such fac to rs  as 
r i v e r  f l o w  and nut r ien ts ,  toqether w i t h  
the  qeneral eco log ica l  cond i t ions  i n  the 
estuary, combine t o  con t ro l  the phvto- 
01 ankton p r o d u c t i v i t y  of the  bay system. 

Despi te considerable spa t i  a1 and 
temporal v a r i  abi 1 i t y  o f  phytopl ankton 
p roduc t i v i t y ,  Eastabrook (1973) est imated 
an annual p r o d u c t i v i t y  value o f  371 g C 

m-7 f o r  the Apalachicola estuary. T h i s  
f iqure  was taken f rom averaqed data ( f i v e  
bay s ta t i ons )  sampled montql y  over a 
l?-month period. Rased on these f iqures ,  
the phvtopl ankton p r o d u c t i v i t y  from t h e  
bay system approximates 233,784 t C vr-1 
(757,079 tons C yr-1); f o r  the immediate 
estuary (East Bay, Apal achicola Ray), t h i s  
f i q  r e  i s  103,080 t C yr-1 (113,5q4 tons C Y yr" ). When compared t o  ~ r o d u c t i o n  values 
i n  other  es tuar ies  of the reqion (Tahle 
8),  the phytopl ankton product iv i  t v  and 
ch lorophv l l  a  l e v e l s  i n  the Apalachicola 
estuary are r e l a t i v e 1  y hiqh. 

b. Submerqed veqetation. The 
r e l a t i v e l y  h igh  l e v e l s  o f  co lo r ,  
t u r b i  d i  t.y, and sedimentat ion tend t o  1 i m i  t 
submersed macrophytes t o  the sha l lowest  
por t ions  of the Apalachicola e s t u a r y  
(L iv inqs ton 1980c, 1 9 8 3 ~ ) .  Species 
composition and d i s t r i b u t i o n  o f  seagrass 
beds are q i  ven by L iv inqs ton (1980c, 
1 9 8 3 ~ ) .  A major concentrat ion o f  
seaqrasses occurs i n  eastern S t .  Georqe 
Sound, which remains outside of t h e  
in f luence o f  r i v e r  drainaqe (Table 1, 
Figure 19). Such areas are dominated hv  
t u r t l e  qrass (Thal a s s i a  testudinum), shoal 
qrass (Hal odul e w r i  qht- manatee 
qrass (Syr i  naodi um f i l if orme). Seagrass 
beds are a lso  loca ted i n  upper por t ions  o f  
East Bay. Such assernblaaes are dominated 
by tape weed ( ~ a l 1  i s n i r i a  americana), 
widqeon qrass (9uppi a mari tima),qo 
pondweed (Potamo e ton  sp;). Since t h e  
e a r l y  19 BT--e O s Eurasian wa te rm i l f o i l  
(Myri ophyl l um spi  ca t  urn) has taken over  

3 5 



October. Simi 1 ar cyc les  o f  qr0wt.h occur 
25 = i n  t h e  Tha lass i  a-dominated qrassbeds i n  
s 2000- areas of h i ghe r  s a l i n i t y  ( B i t t a k e r  1975; 

L i v i n q s t o n  1Q82a; Zimmerman and L i v i n q s t o n  
1976a, b, 1079). Vet annual p roduc t i on  
has been es t imated  t o  be SO0 g C 
m-2 yr-1 ( I ve r son  unpubl i shed  data) .  
Qapid qrowth occurs d u r i n q  s ~ r i n q  and 

+ - e a r l y  summer. Standing c rop  biomass 
u s u a l l y  peaks du r i nq  suqmer months w i t h  

- r a p i d  degenerat ion as water temperature .- 
0 
n 

f a1 1 s (November, December). Our i  na w i n t e r  
months, p r o d u c t i v i  t v  and s t a n d i n q  croD a re  

O N D J  F M A M J J A S  r e l a t i v e l y  low i n  t h e  va r i ous  types o f  

Month seagrass beds i n  shal low coas ta l  areas o f  
t h e  no r t heas t  G u l f  coast  o f  F l o r i d a .  

F igure  23. Average seasonal v a r i a t i o n  i n  Rased on t h e  o roduc t i  v i  t y  f i qu res  and 
d a i l y  phy top l ank ton  p r o d u c t i v i t y  f o r  t h e  t h e  seaqrass d i s t r i b u t i o n  (Tabl e I ) ,  the  
~ p a l a c h i c o l  a e s t u a r y  ( taken from Estabrook grassbeds i n  t h e  East Say-A a1 ach i  c o l  a Bay 
1973; L i v i n g s t o n  e t  a l .  1974). a rea  produce R,QSi t C y r - f  (9,866 t ons  C 

y r - l ) .  Grassbed p roduc t i on  i n  t he  
rema in inq  p o r t i o n s  o f  the Apal ach i co l  a Ba 
system approximates 18,260 t C yr- ! 
(20,137 tons C yr -1) .  T o t a l  p roduc t i on  

var ious ba,yous a l onq  the nor theastern f o r  the  e n t i r e  system i s  27,713 t .~-l 
marqin o f  t h e  hay  (L iv inqs ton ,  unpubl ished (29,989 C T I ) .  
data). There i s  l i t t l e  o r  no submerqed 
vege ta t ion  i n  St.  V i ncen t  Sound. ~ e a q r a s s  
beds i n  Apal a c h i c o l a  Bay and western St. 
Georqe Sound a r e  r e s t r i c t e d  t o  shal low 
laqoonal p o r t i o n s  of Doq I s l and  and S t .  
Georqe I s l a n d  and a re  dominated by  
Halodule w r i q h t i i ,  G r a c i l a r i a  spp., and 
Syrinqodium f i l i f o r m e .  Thus the  
d i s t r i b u t i o n  o f  submersed veqetat ion 
gene ra l l y  r e f l e c t s  previous1 y descr ibed 
depth c h a r a c t e r i s t i c s ,  water-qua1 i t y  
features, d r a i  naqe and current  pat terns,  
and s a l i n i t y  d i s t r i b u t i o n .  

Seaqrass beds under so regu l  ar sea- 
sonal cvc les  of p r o d u c t i v i  t v  and s tanding 
crop. The e c o l o q v  of the East Bav 
Val 1 i s n e r i  a beds has been we1 1 s tud ied  
( L i v i nqs ton  and Duncan lQ7P; Pu rce l l  1977; 
Sheridan 1478, 1WQ; Sheridan and 
L i v i  nqs t o n  1979, 1983). Net annual 
p roduc t ion  o f  Va l  1 i s n e r i  a va r ies  from 320 
q C m-2 yr'l t o  350 g C m-2 yr-1. Th is  
species underqoes sharp reduct ions o f  
s tanding c r o p  biomass du r i  na w i n t e r  
months. A f t e r  a p e r i o d  of r a p i d  s p r i n q  
growth, maximum l ea f  development i s  
maintained f rm May throuqh Ju l  v. Ry 
August, c o n s i d e r a b l e  degeneration o f  the  
p l a n t  s t and ing  c r o p  occurs and i s  f o l l owed  
by new q row th  d u r i n g  September and 

3.7. OETRITUS FLUX AND NUTRIENT DYNAMICS 

A v a i l  abi 1 i t y  of o rgan i c  ma t t e r  does 
n o t  e x p l a i n  t h e  processes i n v o l v e d  i n  
t r a n s f o r m a t i o n  of enerqy as i t  moves 
throuqh t he  complex f ood  webs o f  the  
r i v e r - e s t u a r y  system. S ince  r e l a t i v e l y  
few orqanisms feed d i r e c t l y  on l i v i n q  
rnacroph.fies, t he  degrada t ion  processes, 
which i n c l u d e  mechanical f ragmentat ion, 
chemical  leachinq,  auto1 ys is ,  hydro1 ys is ,  
o x i  da t ion ,  and mic rob i  a1 a c t i  v i  ty ,  are 
impo r t an t  i n  t he  d,ynamic t r a n s f e r  of 
e s t u a r i n e  n u t r i e n t s  f rom ava i  1 a b l e  o rqan ic  
ma t t e r .  I n p u t  t o  t h e  i m e d i a t e  es tua r y  
and t h e  hay system as a whole i s  
seasonal 1 y t i  med t o  s p e c i f i c  
meteor01 o q i  c a l  f a c t o r s  (Tabl e 9). Most o f  
t h e  r i v e r  i n p u t  occurs d u r i n q  w i n t e r  and 
s p r i n g  per iods,  w h i l e  major  phy top lank ton  
blooms t a k e  p l ace  i n  t he  s p r i n g  and f a l l .  
I n p u t  o f  o rqan i c  ma t t e r  f r om  t h e  seagrass 
beds occurs d u r i n g  t h e  summer and f a l l .  
The t r a n s f e r  o f  o rgan ic  m a t e r i a l s  f rom t he  
coas ta l  marshes i s  n o t  as we l l  understood 
as t h a t  o f  t he  o ther  sources. I n  general ,  
t h e  c o n t r i b u t i o n  of p l a n t  d e t r i t u s  t o  the  
n u t r i e n t  dynamics of the e s t u a r y  i s  ex- 
t r eme l y  c o m ~ l e x  i n  terms of t i m i n q  and 



Table 8. Physical, chemical, and productivity data taken from locations along the 
northwest gulf coast of Florida (from R. L. Iverson and his students, unpublished data, 
Myers 1977). Standard deviations ( ) are also given. 

S t a t i o n  Temp. S a l i n .  Turb. L i q h t  YO? NO7 PO4 Pr i .  prod. Chl-a 

OC O/oo $JTkJ l y h r - 1  q a t?  1-1 nn C m-3 hr -1  mq m-3 

Econf i na 79.4 76.7 3.15 76. 5 0.32 0. I 0.04 6.00 0.61 
e s t u a r y  1 . 1 )  (7 .48)  (0 .35)  (5 .60)  (0 .14)  (q.07) (3.01) (1.75) (0.17) 

F.5.U. Marine 77.9 ?Q. 7 3.15 37.3 0.55 0.02 0.10 9 -30  0.52 
Labora to ry  (1.753) (3 .53)  (0 .49)  (3 .77)  (3.10) (n.07) (0.04) (0.55) (0.21 ) 

Ochlockonee 9'?.9 4.70 4.97 37 .a 1.33 0.05 0.17 30.5 7.14 
River  e s t u a r y  ( 1 )  (0 .90)  (1.06) (3.78) (7.72)  (9.17) (q.01) ( 0 . ~ 7 )  (9.57) (0.41) 

g c h l  ockonee 78.7 10.3 4.93 77.9 7.74 0.17 0.16 26.a 1.00 
River e s t u a r y  ( 2 )  ( 0 . 9 0 )  (0 .70)  (0 .51)  (7 .77)  (3.53) (O.n5) (7.09) (4.74) (1.51) 

R p a l a c h i c o l a  77.5 3.74 16.5 33.9 7.08 0.15 0 . v  act.? 5.17 
e s t u a r y  (5 )  (1.19)  (7.55) ( 8 . ~ 6 )  (1.17)  (2.63) (0.16) (3.08) (10.7)  (1.17) 

Apalach ico la  77.5 11.7 11,7 36.0 3.55 0.71 0.40 36.7 4.11 
e s t u a r y  (? )  (1 .34)  (3 .76)  (6.95) (3 .50)  (3.69) (0.16) (0.0s)  (5.81) ( 0. 84) 

Processinq (Odum and Heald 1972; Odum e t  (1982) postulated tha t  the upper 
a l .  1979). ChattahoocheeFl i n t  watersheds yielded 

fewer nutrients because the  16 reservoirs 
Amonq the ma.jor 1 i t t e r  producers of 

the  Apal achicola flood plain, Cairns 
(1981) and Elder and Cairns (lQ82) found 
decomposi ti on ra tes  of f loodpl ai n leaf 
matter to  be soecies-soecif ic .  Tuvelo 
(Nyssa spp.) and sweetgum ( ~ i ~ u i d a m b a r  
s ty rac i f  1 ua) 1 eaves decomposed compl e te l  v 
i n  6 months. Leaves of baldcypress 
(Taxodi urn di s t i  chum) and di amond-leaf oak 
( V l a u r i f o l i a )  were more res i s tan t .  
Water hickory (Carya aquatica) had 
i nterrnerli a t e  decomposi t i  on ra tes .  Rates 
of carbon and biomass loss were l inear  
over a &month period, b u t  phosphorus and 
nitrogen 1 eachi n q  was near1 y complete 
within a month. Periods of r iver  floodinq 
were particular1 y important fo r  
mobilization of the l i t t e r f a l l  in to  the 
aquatic system. Flooding immerses 1 i t t e r  
material ,  increases decomposition ra tes ,  
and provides a transport  medium. Because 
of the h i q h  d ivers i ty  of floodplain t ree  
species,  the autumn peak of leaf f a l l  i s  
re1 a t i  velv pro1 onged ( September-December ) 
(Fiqure 24). Compared t o  the ACF system 
as a whole, the Aoalachicola flood plain 
i s  extremely high i n  nutrient yield per 
u n i t  'area, especially for  carbon and 
phosphorus (Table 10). Mattraw and Elder 

act  as nutrient retention ponds. Although 
headwater inflow provides substantial 
loads of dissolved nutrients to  the 
estuary, part i  cul ate matter del i vered from 
the r iver  i s  derived almost exclusively 
from the Apal achicol a/Chipola wetlands. 
Approximately 16% of the organic carbon 
delivered to  the estuary i s  derived from 
less than 1% of the ACF basin (Mattraw and 
Elder 1982). 

Parti  cul a te  organic matter i s  
transferred from the r ive r  t o  the estuary 
prirnari 1 y during winter/spring floods, 
athough there i s  no direct  correlation 
between microdetritus in the estuary and 
river flow by season (Table 5). 
Microdetritus flow i s  generally low during 
summer and f a1 1 periods and highest during 
the f i r s t  r iver  floods of winter (Figure 
22). In t h e  estuary, surface dissolved 
n i  troqen and phosphorus concentrati ons 
peak during periods o f  hiqh river flow 
(Estabrook 1973; Livingston e t  al. 1074, 
1976a; Table 11). Thus, the degree and 
t iming  of r iver  flooding on a seasonal 
basis determines the form and level of 
nutrient f luxes into the estuary from the 
river wetlands. 
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Table 9. Total annual net product iv i ty  and net  input t o  t he  Apalachicola e s t u a r y  (Eas t  
Bay, Apalachicola Bay, S t .  Vincent Sound) and t h e  Apal achicola Bay system (Apal achi co l a  
estuary,  St.  George Sound, Al l iga tor  Harbor). Product iv i ty  includes (met r ic  t o n s )  
organic carbon produced by the  Apal achicol a River wetlands, coas ta l  marshes, phyto- 
plankton, and seagrass  beds. 

Apalachicola e s tua ry  Apalachicola Bay system 

Net i n  s i t u  Net input Net i n  s i t u  Net input  Season of 
Vegetation product iv i ty  m t  C yr-l product iv ' ty  m t  C yr-l maximum input  

m t  c m t  c yr-1 

Freshwater 360,000 30,000 360,000 30,000 winter / spr i  ng 
wet 1 ands 

Coastal 37,714 37,714(?) 46,905 46,905(?) la tesummer ,  
marshes f a l l ( ? )  

Phyto- 103,080 103,080 233,284(?) 233,284(?) sp r ing  and 
pl ankton f a l l  

Seagrass 8,953 8,953 27,213 27,213 summer-fa1 1 
beds 

A review of the phytopl ankton ecologv 
of the  Apalachicola es tuary  (Estabrook 
1973; Livingston e t  a l .  1974, 1Q76a; Myers 
and Iverson 1977) ind ica tes  that  phyto- 
plankton product iv i ty  i s  r e l a t i v e l y  
r e s t r i c t e d  t o  conditions of optimum 
temperature and amp1 e (avai 1 able)  
nu t r i en t s .  Such condi t i  ons occur 
p r i n c i o a l l ~  i n  the spring,  summer, and 
fa1 1. Mu1 t i p l e  regression analysis  (Myers 
and Iverson 1977) indicated tha t  r i ve r  
discharge expl ained 20%-50% of the  
v a r i a b i l i t y  of chlorophyll a and phvto- 
plankton product ivi ty.  Nuir ients  were 
pos i t i ve ly  co r r e l a t ed  with r i v e r  
discharge. Temperature accounted f o r  26% 
t o  49% of the v a r i a b i l i t v  i n  phytoplankton 
product ivi ty.  Water temperature was a1 s o  
pos i t i ve ly  cor re la ted  with phytoplankton 
product ivi ty.  Wind speed was posi t i v e l  y 
co r r e l a t ed  with suspended sediments and 
phosphate concentrat ions,  increases i n  
which were followed by increases in ohyto- 
plankton product ivi ty.  Nutr ient  
enrichment experiments indicated t h a t  
nu t r i en t s  are  1 imi t i n q  on1 y duri nq summer 
and f a l l  (Estabrook 1973) and t h a t  
phosphate i s  t he  primary nu t r i en t  t h a t  
l i m i t s  phytoplankton product ivi ty i n  East 
Bay and Apalachicola Bay (Mvers and 

Iverson 1977), a1 though both n i t r a t e s  and 
phosphates may be l i m i t i n q  i n  summer 
(Livingston e t  a l .  1974). 

0 
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Figure 24. Monthly averages of d a i l y  
l i t t e r f a l l  on in tens ive  t r a n s e c t  p l o t s  
across the Apal achi col a wet1 ands ( a f t e r  
Elder and Cairns 1982). 



k c e n t l  y, c e r t a i n  r e v i s i o n s  $ave been 
proposed of e a r l  v  concepts o f  d e t r i t u s  
ou twe l l  i n q  from coas ta l  marshes (Haines 
1979). There i s  evidence o f  no ne t  expor t  
o f  p a r t i c u l a t e  o rqan i c  l l a t t f r  (POM) from 
s a l t  marshes under c e r t a i n  cond i t i ons  
(Woodwell e t  a l .  lQ77) .  Odum e t  a l .  
(1974) have h y ~ o t h e s i  zed t h a t  ne t  f l u x e s  
o f  POM f rom coas ta l  marshes depend on t h e  
qeomoroholoqy of the wet land basin,  t h e  
maqnitude of the  t i d a l  ranqe, and upland 
f reshwate r  inou t .  1'1 the  Apa lach ico la  
estuary ,  t he  t i d a l  ranqe i s  r e l a t i v e l v  
smal l .  Marsh d i s t r i b u t i o n  i s  l i m i t e d  
l a r q e l v  t o  t he  d e l t a  area (East Say) and 
1 aqoonal p o r t i o n s  of t he  b a r r i e r  i s l  and5. 
The cons iderab le  r i v e r  r uno f f  and t h e  
assoc ia ted expor t  of o rqan ic  ma t t e r  due t o  
f l o o d i n q  would amp l i f y  t he  importance of 
the East  Rav marshes accord inq  t o  t h e  Odum 
model (Odum e t  a l .  1979). 

The s a l t  marshes o f  t he  bay svstem 
c o n t r i b u t e  o n l y  a  smal l  f r a c t i o n  o f  t he  
p a r t i c u l a t e  o rgan ic  l oad inq  t o  t h e  bay 
system ( L i v i n q s t o n  e t  a l .  1974), a l thouqh 
such areas are impor tan t  nu r se r i es  f o r  
es tua r i ne  f i s h e s  and i n v e r t e b r a t e s  

( L i v i nqs ton  1Q80c). However, the  marshes 
may ~ l a v  a r o l e  i n  t h e  expor t  o f  o rqan ic  
m a t e r i a l  t o  t h e  b a v  system. R i b e l i n  and 
C o l l i e r  ( 1 ~ 7 9 )  showed t h a t  l o c a l  marshes 
expor t  d e t r i t a l  a g q r e q a t e s  or  f i l m s  t h a t  
average 75-50 m i n  th ickness  and a re  
produced by b e n t h i c  a l g a e  r a t h e r  than by 
m i c rob i  a1 decompos i t i on  of the  marsh 
p l an t s .  T i d a l  a c t i o n  l i f t s  these f i l m s  of 
alqae ou t  o f  t h e  marshes, e s p e c i a l l y  
d t l r i nq  l a t e  summer e b b  f lows. Thus, w h i l e  
t h e  vascular  t i s s u e  of the  marsh qrasses 
i s  rlecompored benea th  a l aye r  o f  ben th i c  
alqae, i t  i s  e s s e n t i a l l v  r e t a i ned  w i t h i n  
t h e  marsh proper.  Amorphous aqqreqates o f  
"nanode t r i  t u s "  composed of microa l  qae may 
p l a y  a more i m ~ o r t a n t  r o l e  i n  the  n u t r i e n t  
budget o f  t h e  bay s y s t e m  than p rev i ous l y  
thouqht,  especi  a1 1 y d u r i  nq 1 ate summer and 
e a r l y  f a l l  pe r iods .  

The seasonal abundance and s p a t i a l  
d i s t r i b u t i o n  of n u t r i e n t s  and d e t r i t u s  i n  
t h e  Apa lach ico la  Bav system r e s u l t  f rom a 
combinat ion o f  f o r c e s ,  some of which are 
q u i t e  l o c a l i z e d  and s ~ e c i f i c  i n  nature. 
For  example, the  t i m i n g  and magnitude of 
I ocal i zed hydro1 og i  c events such as 

Table 10. N u t r i e n t  y i e l d s  f o r  va r ious  drainage areas i n  t h e  Apalachicola- 
Chattahoochee-Fl i n t  R i ve r  system. Data a re  presented on an a r e a l  b a s i s  (adapted from 
Mattraw and Elder  1982). 

Annual ou tpu t  minus i n p u t  Area l  y i e l  
( m e t r i c  tons )  ( g  m-2 .yrmf) 

Area Phos- Phos- 
Drainage bas i  n  ( km2) Carbon N i t rogen  phorus - Carbon N i  t roqen phorus 

Apal ach ico la -  
Chat tahoochee- 
F l i n t  50,800 213,800 21,480 1,652 4 0.4 0.03 

Chat tahoochee- 
F l i n t  

Apal ach i co 1 a- 
Ch ipo la  

Apal achi  c o l  a  3,100 41,500 1,060 23 7 13  0.3 0.08 

Ch ipo la  3,100 29,600 2,560 75 10 0.8 0.02 

Apal ach i co l a  
f l o o d  p l a i n  



pass ing thunderstorms,  wind e f f e c t s ,  and 
t i d a l  a c t i o n s  a r e  superimposed over bas i n  
c h a r a c t e r i s t i c s  such as depth and bottom 
morphol ogy. These, i n  turn,  mav 
s i q n i f i c a n t l y  in f luence  l a rqe r - sca l e  
cond i t i ons  such as temperature, sa l  i n i  ty, 
and 1  i g h t  pene t ra t i on .  The la rge-sca le  
seasonal f l u c t u a t i o n s  o f  impor tan t  
c l  i m a t i c  f ea tu res ,  i n  combinati on w i t h  t h e  
i n f l u e n c e  o f  l o c a l  hab i t a t  d i s t r i b u t i o n  
and bas i n  c o n f  i q u r a t i  on, produce an a r r a y  
of processes whereby orqanic  mat te r  i s  
i n co rpo ra ted  i n t o  t h e  es tuar ine  food webs. 

The seasonal  cyc le  o f  n u t r i e n t -  
d e t r i t u s  f l u x  i n  t h e  Apalachico la  es tua r y  
has been w e l l  e s tab l i shed  ( L i v i n g s t o n  e t  
al .  1976a; L i v i n g s t o n  and Loucks 1978). 
Dur ing  w i n t e r  and sp r i nq  per iods o f  h iah  
r i v e r  f l ow,  d i s so l ved  n u t r i e n t s  and 

p a r t i c u l a t e  o rqan ic  ma t t e r  a re  washed i n t o  
t h e  estuary .  The i n f l u x  i s  concurrent  
w i t h  s a l i n i t y  reduc t ions .  Peak l e v e l s  o f  
l e a f  mat te r  are present  d u r i n q  these 
per iods.  One t o  two months l a t e r ,  wood 
d e b r i s  and o the r  forms o f  p a r t i c u l a t e s  
appear i n  the  bay system. I n  t h e  spr ing, 
as r i v e r  f l o w  diminishe?, temperature 
increases, and t h e  water  becomes c leare r ,  
t h e  s p r i n g  phytop lankton blooms occur. As 
n u t r i e n t s ,  p r i n c i p a l  1  y phosphorus, become 
l i r n i t i n q  du r i nq  summer/ fa l l  months, 
phy top l  ankton p r o d u c t i v i t y  becomes 
dependent on wi  nd-mi xed t r a n s f e r s  o f  
n u t r i e n t s  from the sediments i n t o  t he  
water  column. Dur ing  t h e  summer and e a r l y  
f a l l ,  l o c a l  r a i n f a l l  enhances n u t r i e n t  
enr  i chment . A t  t h i s  t ime, ben th i c  
macrophytes begin t o  d i e  o f f .  The peak 
l e v e l s  o f  macrophyte o rgan i c  d e b r i s  and 

Table 11. N u t r i e n t  values (w in te r  and summer) f o r  s t a t i o n s  i n  the  Apa lach i co l a  es tua r y  
(means 2 one s tandard  dev i a t i on  o f  f i v e  s t a t i o n s )  and R i v e r  ( S t a t i o n  2) ( L i v i n g s t o n  e t  
a l .  1974). 

N u t r i e n t  values ( g / l )  

N u t r i e n t  S i t e  17 February 1973 12 J u l y  1973 

N03 Bay T  179.53 2 13.11 2.25 2 2.84 

R iver  232.90 219.54 

S i l i c a t e  (S i04)  

Bay T 26.13 2 18.53 8.05 2 3.30 

8 38.15 2 30.61 1 4 . 2 6 2  4.40 

River  7.81 7.57 

Bay T  6.92 ?. 1.17 4.03 2 .76 

B  6.93 t 1.29 5.78 2 1.69 

River  12.63 9.53 

Bay T  2,531.80 2 57.59 1,939.66 2 413.15 

B 2,534.08 _f. 62.88 1,216.67 ?. 802.98 

River  2,632.55 3,109.12 



mi croaggregates f rom t he  marshes occur 
d u r i n g  t h e  f a1 1 as r i v e r  f l o w  and r a i n f a l l  
are min imal .  Sy l a t e  f a l l  (November), 
temperature drops and s a l i n i t y  
co i nc i den t  a1 l y  inc reases  t o  an annual 
maximum th roughou t  t h e  estuary .  BY 
w in te r ,  temperature i s  low as r i v e r  f l ow 
once again r i s e s .  

Even though t he  i n p u t  f rom var ious  
sources i s  v a r i a b l e  i n  terms of maqnitude 
over t ime, t h e  i n p u t  o f  p a r t i c u l a t e  
o rqan i c  m a t t e r  t o  t h e  es tua r y  f rom a l l  
sources i s  f a i r l y  constant.  Thus, t h e r e  
i s  a  q e n e r a l l y  cont inuous i n f l u x  of 
d i s so l ved  and p a r t i c u l a t e  o rqan i  c  and 
i n o r g a n i c  m a t t e r  t o  t h e  es tua r y  throughout  
t he  year; t h i s  ma t t e r  i s  then sub iec t  t o  
va r ious  processes, phys i ca l  and 
b i  01 og i  c a l  , which a r e  dependent on 
s p e c i f i c  s p a t i  a l - tempora l  h a b i t a t  
cond i t i ons .  

3.3. MICROBIAL ECOLOGY 

I n  t h e  Apa lach ico l  a  estuarv ,  
approx imate ly  0.005% of t he  sediment d r y  
we igh t  i s  composed of b a c t e r i  a1 biomass 
(o rgan ic  carbon) and 0.00% i s  composed of 
e x t r a c e l l  u l  a r  carbohydrates (D. C. White, 
F l o r i d a  S t a t e  U n i v e r s i t y ;  pers. comm.). 
Usual ly ,  these  microbes are concentrated 
on p a r t i  c u l  a te  s u r f  aces as mo rpho loq i ca l l  y  
d i v e r s e  p rokar  y o t i c  and m i c roeuka rvo t i  c  
assembl ages (Whi te  1983). The e c o l o q i c a l  
importance of microbes t o  t h e  e s t u a r y  i s  
de f i ned  by mi c r o b i  a1 biomass (which forms 
t he  bas is  o f  f ood  webs) and m i c r o b i a l  
me tabo l i c  a c t i v i t y  (which c o n t r i b u t e s  t o  
va r ious  b i  oseochemi c a l  and r e c y c l  i ng 
processes).  Whi te  and h i s  coworkers have 
q u a n t i f i e d  t h e  b iochemica l  " s i gna tu re "  
components o f  s p e c i f i c  mi c r o b i  a1 communi t y 
assoc ia t ions .  These components i n c l u d e  
phos phol  i p i  ds, adeni ne-conta i  n i  ng 
components, murami c  acid, and hydroxy 
f a t t y  acids, which o rov i de  biomass 
est imates.  Community compos i t i on  has been 
eva lua ted  by a n a l y s i s  o f  phosohol i p i d  
a l k y l  f a t t y  a c i d s  (p rokaryo tes  
mi croeukaryotes ) and " s i  qnature"  1  i ~i ds 
(anaerobic-aerobic  b a c t e r i a ) .  F a t t y  ac i ds  
are an e x c e l l e n t  measure o f  alqae, and 
o t h e r  qroups of microeukaryotes can be 
cha rac te r i zed  by  t h e  po l yeno i c  f a t t y  a c i d  
composi t i  on (Feder l  e  e t  a1 . IP83). 
N u t r i t i o n a l  s t a t u s  was analyzed by  
measurement of p o l  y-beta-hydroxy a1 konates 

(PHA), e x t r a c e l  l u l  a r  g l yco la lyn ,  and o t h e r  
m i c rob i  a1 byproducts  (White 1983). These 
methods were used t o  analyze m i c r o b i a l  
a c t i v i t y  i n  t h e  Apal ach i co l a  es tua r ,~ .  

9 se r i es  of experiments have been 
c a r r i e d  o u t  t o  l e a r n  t he  f a t e  o f  
p a r t i c u l a t e  o rgan i c  ma t t e r  depos i ted  i n  
t h e  es tua r y  as a r e s u l t  o f  r i v e r  f l ood inq .  
Mor r i son  e t  a l .  (1977) demonstrated a 
succession of m i c r o b i o t a  t h a t  co lon ized  
oak leaves deposi ted i n  t h e  estuary.  
I n i t i a l l y ,  c o l o n i z a t i o n  i s  by b a c t e r i a  
w i t h  a  h iqh r a t i o  o f  muramic a c i d  t o  ATP. 
These b a c t e r i a  are succeeded by diatoms 
and fungal mvce l ia  t h a t  do no t  c o n t a i n  
muramic acid.  Thus, i n i t i a l  b a c t e r i a l  
c o l o n i z a t i o n  i s  succeeded by a community 
of fungi  and microeukaryotes. Bobbie e t  
a l .  (1078) found t h a t  m i c r o b i a l  
comrnuni t i e s  on h iodeqradable subs t ra tes  
such as l e a f  mat te r  are b i ochem ica l l y  and 
mo rpho log i ca l l y  more d i ve r se  than those on 
b i o l o g i c a l l y  i n e r t  subst ra tes.  A 1 0 - f o l d  
inc rease  i n  biomass on t h e  b i o l o q i c a l  sub- 
s t r a t e s  was a l so  noted. Graz inq amphi pods 
removed m i c rob i o ta  w i t hou t  a f f e c t i n q  t h e  
morphology o f  oak leaves (Morr ison and 
White 1980). The c o l o n i z a t i o n  o f  mixed 
hardwood 1 eaves from t he  Apal ach i  c o l  a  
f l o o d  p l a i n  i n  t he  es tua r y  v a r i e d  more as 
a f u n c t i o n  o f  l e a f  sur face than of 
l o c a t i o n  (White e t  al .  7.977, 1979a, b). 
However, macroorganisms were a t t r a c t e d  t o  
t h e  l i t t e r  baskets as a f u n c t i o n  of 
1  o c a t i  on r a t h e r  than mi  c rob i  a1 biomass 
( L i v i  nqston unpubl i shed  data) .  

The a c t i v i t i e s  o f  microbes are 
i n e x t r i c a b l y  1  i n ked  w i t h  orqanisms a t  
h i ghe r  l e v e l s  o f  t he  e s t u a r i n e  food  web 
(F i qu re  25). Arnphi pod d i s t r i b u t i o n  was 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  concentra- 
t i o n s  o f  c e r t a i n  b a c t e r i a l  f a t t y  ac ids  
( ~ h i t e  e t  a l .  1979a, b). Amphi pods 
q r a z i n g  a t  n a t u r a l  d e n s i t i e s  induced 
i ncreases i n  mi c r o b i  a1 b i  omass, nxyqen 
u t i l i z a t i o n ,  PUB synthes is ,  l i ~ i d  syn- 
thes is ,  and 14c02 r e l e a s e  f rom s imple sub- 
stances by microbes (Mor r i son  and White 
1980). These chanqes caused g raz i ng  
s h i f t s  i n  community s t r u c t u r e  f rom diatorn- 
f u n q a l - b a c t e r i  a1 assoc i  a t  i ons t o  
b a c t e r i  a1 1 y  dominated ones. W i t h i n  
1  irni ts ,  g raz i nq  t hus  s t imu la tes  m i c rob i a l  
growth and a1 t e r s  t h e  mi c r o b i  a1 comrnunitv. 
I n d i c a t i o n s  are t h a t  orqanisms qraze on 
d e t r i t a l  and sedimentary m i c rob i o ta  and 



subs tan t i  a1 1 v a f f e c t  t h e  m ic rob i  a1 
assoc ia t ions.  Studies of microbes i n  t h e  
absence of t h e i r  predators  are no t  
s u f f i c i e n t  i f  comparisons w i t h  n a t u r a l  
Funct ions are intended (White 1953). 

Recent s tud ies  i n d i c a t e  t h a t  
es tuar ine  m i c rob i a l  assoc ia t ions i n  
po l yha l i ne  areas of the  hay are a c t u a l l y  
c o n t r o l l e d  by epi  ben th ic  predators  
(Feder le  e t  a l .  1983). Rep1 i c a t e  areas (Q 
m?) o f  mud- f la t  sediment were caqed i n  t h e  
f i e l d  t o  con f i ne  and exclude predators.  
Uncaqed areas were used as con t ro ls .  The 
m i c rob i o ta  o f  the sediments was 
charac te r i zed  a t  weeks 0, 2, and 6 by 
measurement of the concentrat ions OF 
phosphol iw id  and analys is  of the f a t t y  
ac ids  of the m ic rob i  a1 1 i p i d s  ex t rac ted  
f rom the sediments. The data were 
analyzed u$ inq  an anal vs is  of var iance and 
step-wise d isc r im inan t  anal y s i  s. A f t e r  3 
weeks, the m ic rob io ta  o f  t he  predator -  
exc lus ion  area was s i q n i f i c a n t l  y d i f f e r e n t  
from t ha t  i n  the con t r o l  and predator  
i n c l u r i a n  areas. A f te r  6 weeks, these 
d i f fe rences  became more pronounced. There 
were no demonstrable caqing e f f ec t s  t h a t  
cou ld  account f o r  t he  treatment 
d i f  ference5. The r e s u l t s  i nd i ca ted  t h a t  
removal of predators had a profound e f f e c t  
on the  m i c rob i a l  communities i n  es tuar ine  
sediments. Thus, we see t h a t  t he  
in te rmed ia te  t r o o h i c  l e v e l s  (ep ihen th ic  
predators)  of  t h e  e s t t ~ a r i n e  food webs a re  
p a r t  o f  the  con t r o l  mechanism t ha t  def ines 
the s t r u c t u r e  and l eve l  of p r o d u c t i v i t y  o f  
t h ~  m i c rob i a l  communities. 

Sediments and p a r t i c u l a t e  mat te r  
d e w s i t e d  i n  the estuary  form a subs t ra te  
f o r  m ic roh ia l  p roduc t i v i t y ,  which i s  
s t imu la ted  by d isso lved n u t r i e n t s  i n  
var ious forms (F iqure 75). The 
transformat .i on of d i sso l  ved substances 
i n t o  1 i v i n q  par t i c t i1  a te  mat ter  produces 
the food of imoortant qrouDs of q raz inq  
orqanisms, which, i n  turn, represent the 
base of the d e t r i t a l  food webs i n  the  
estuary.  Grazinq and o ther  phys ica l  
disturbances enhance mi c rob i  a1 
p r o d u c t i v i t y  and a l t e r  the q u a l i t a t i v e  
composit ion and succession o f  the  
m ic rob i  a1 communi tv.  The ae r i od i c  i n p u t  
of p a r t i c u l a t e  organic mat ter  and 
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WIND 4 PHB/LIPIDS 
DISTURBANCE J 14c02 RELEASE 

O2 UTILIZATION 

BASE, D E T R l T A L  FOOD WEBS 

F igure  25. Ten ta t i ve  model of m i c rob i a l  
i n t e r a c t i o n s  w i t h  va r ious  phys i ca l  and 
b i o l o g i c a l  processes i n  t h e  Aoa lach ico la  
River  es tuary  ( L i v i n q s t o n  1 9 8 3 ~ ) .  

d i s so l ved  n u t r i e n t s  i n t o  a  sha l low bay 
ecosystem cha rac te r i  zed by q rad i en t s  of 
s a l i n i t y  i s  seen t o  p rov ide  t he  apwro- 
p r i a t e  components f o r  a  h i q h l  v ~ r o d u c t i v e  
system. T i da l  and wi nd-induced currents ,  
p e r i o d i c  fl oodinq, and p reda t i on  a1 1 
prov ide a se r i es  of d i s tu rbances  that ,  
toqether  w i t h  the  p e r i o d i c  enr ichment of 
the  sys tem from up1 and runo f f ,  increase 
mic rob i  a1 p r o d u c t i v i t y .  R i ve r  f l o w  and 
f resh  water runo f f  from assoc ia ted 
wet1 ands, toqether  w i t h  t h e  sha l  lowness o f  
the  svstem and t i r i a l / w i n d  enerqy 
subs id ies,  a l l  c o n t r i b u t e  t o  t h e  observed 
h i gh  p roduc t i  v i  t v  o f  the  estuary.  
Consider inq t h e i r  immense biomass and 
t h e i r  r o l e  as processors of n u t r i e n t s  i n t o  
b i o l o q i c a l l  y  a c t i v e  ma te r i a l ,  t h e  microbes 
a re  an impor tant  component i n  the  enerqy 
t ransformat ions w i t h i n  t h e  system. 

substrate 



CHAPTER 4 
SECONDARY PRODUCERS 

4.1. ZOOPLANKTON 

The d i ve r se  zooplankton represen t  an 
impor tan t  l i n k  between t h e  p h y t o ~ l a n k t o n  
and h igher  l e v e l s  of the  es tua r i ne  food  
webs . Almost every  ma.ior qroup o f  
orqanisms i s  represented i n  t he  
zooplankton, e i t h e r  as l a r vae  o r  as 
adu l t s ;  q rea t  v a r i e t y  i s  a lso  ev iden t  i n  
t h e  r e l a t i v e l y  ex tens ive  s i z e  ranqe o f  
i n d i v i d u a l s .  7 0 0 ~ 1  ankton have marked 
d i f f e r e n c e s  i n  swimminq a h i l i t v  and are 
o f t e n  d ispersed  i n  patchv, somewhat 
i r r e q u l  a r  s p a t i  a1 d i s t r i b u t i o n s .  
Zoopl ankton repackage o rqan ic  mat te r  
produced by ph y t o p l  ankton i n t o  1  arqer  
p a r t i c l e s ,  the reby  concen t ra t i nq  energy 
i n t o  forms more use fu l  t o  h iqher  
p reda to rs .  A t  t h e  same time, t hey  exc re te  
n u t r i e n t s  t h a t  may aqain c o n t r i b u t e  t o  
ph v t op l  ankton p r o d u c t i v i t y .  

Tooplankton (Table 12) are amonq t he  
l e a s t  known assemblages i n  t he  
Apa lach ico la  estuarv .  Whi le  t he  
dimensions and i n t e r r e l a t i o n s h i p s  o f  the 
zooplankton communi t y  a re  r e 1  a t i v e l  y  
p o o r l y  understood i n  t he  Apa lach ico la  
estuary,  c e r t a i n  f a c t o r s  such as 
temperature, s a l i n i t y ,  wind, n u t r i e n t s ,  
p r ima ry  (phy top lank ton)  p r o d u c t i v i t y ,  and 
~ r e d a t o r - p r e y  r e 1  a t i  onshi DS are known t o  
c o n t r i b u t e  t o  processes i n v o l v i n g  t h i s  
group of orqanisms. Vet zooplankton are 
composed l a r q e l y  o f  ho lop lank ton  (p lank ton  
f o r  e n t i r e  l i f e  cyc le ;  about 9(3%), w h i l e  
meropl an k t o n  ( temporarv  p l ank ton )  
c o n s t i t u t e  l e s s  than 10% of t he  t o t a l  
(Table 12; Edmisten 1979). The 
h o l  opl  ankton a re  composed mai n l  y  of 
copepods, c l  adocerans, 1  arvaceans, and 
chaetognaths. Copepods, no tab l  v  A c a r t i a  
tonsa, are dominant throuqhout  t h e  
estuary.  Apal ach i co l  a  Bay suppor ts  h i qhe r  
numbers of cooeoods than anv o t h e r  Qo r t i on  

o f  the  es tuary  ( F i q u r e  26). Ove ra l l  
seasonal peaks of copepods i n  Apal ach i co l  a  
Bay are noted f r o m  March t o  Auqust w i t h  
minimum d e n s i t i e s  i n  January and Februarv. 
Optimal s a l i n i t i e s  f o r  t h e  dominant 
species, A c a r t i a  t o n s a ,  ranqe f rom 16 t o  
72 ~ o t .  East Ray, cha rac te r i zed  by low 
but  v a r i a b l e  s a l  i n i  tv, has t he  h iqhes t  
v a r i  abi  1  i t  y  i n  z o o p l  ankton numbers over 
time. Coastal w a t e r s  have been most 
$ t a b l e  i n  terms of  seasonal chanqes i n  
zoopl ankton abundance. Apal ach i co l  a  Bay 
a lso has t he  h i q h e s t  species r i chness  of 
the th ree  areas s t u d i e d .  Cladocerans and 
chaetoqnaths a r e  1 oca ted  p r i m a r i l y  i n  
coasta l  waters. Decapod  1 arvae throuqhout 
the es tua r v  a re  p r i m a r i l y  c rab  zoeae; 
o ther  zoop lank ton  i nc l ude  polychaete 
1 arvae, os t racor i s  , amphi pods, i sopods, 
mysi ds, ech i  noderms , ctenophores, and 
coelenterates.  

The zoop lank ton  mean s tand inq  crop 
( d r y  we iqh t )  i n  E a s t  Bay approximates 4.0 
mq m-3 annual ly;  i n  A p a l  ach i co l  a  Bay, 32.1 
mq mm3 y r - l ;  i n  c o a s t a l  areas, 16.7 mq 
m-3 yr-l. Peak dr.y-wei qht  h i  omass occurs 
i n  Mav th rouqhou t  m o s t  o f  t he  s t udy  area 
w i t h  secondary i n c r e a s e s  d u r i n q  J u l y  and 
Auqust (F iqure  7 6 ) .  Zoopl ankton 
d i s t r i b u t i o n  i s  i nf 1 uenced by  changes o f  
temperature and s a l  i n i  t y  through t ime  
(Table 13). Edm i  s  t e n  (1979), u s i  nq 
ana l ys i s  of c o v a r i  ance w i t h  temperature 
and s a l i n i t y  as c o v a r i a t e s  f o r  f ac to r s  
such as A c a r t i a  numbers ,  percent  abundance 
(of ~car-tot a 1  zooplankton numbers, 
z o o p l  b i o m a s s ,  and Shannon 
d i v e r s i t y ,  found s i  q n i f  i c a n t  s t a t i o n  and 
month d i f fe rences  i n  a l l  cases (p < 0.02). 
Temperature s i q n i f i c a n t l y  in f luenced  
numbers of A c a r t  i a t o t a l  zooplankton 
numbers ( p  < o-nd biomass. S a l i n i t y  
s i q n i f  i c a n t l  y  a f f e c t e d  zoopl ankton 
numbers, biomass, a n d  d i v e r s i t y  (p < 0.01) 



Table 12, Distribution of the major zooplankton grouDs i n  the Apal achicol a estuary and 
associated coastal areas (a f te r  Edmisten, 1979). Average values are g iven  from 1973 
through 1974. The symbol (+) means Urn3 or l ess  than 0.1%. 

Average 1973-1974 values 

East Bay Apalachicola Bay Coastal 
(1 s t a t i on )  (6  s t a t ions )  (1 s t a t i on )  

Zoopl ankton groups ~o./m3 % No. /m3 % ~ o . / m ~  % 

Copepods 

Acarti a tonsa 

Paracal anus 
c ross i ros t r i s  

Paracalanus jarvus 

Ternora turbinata 

Oithona 3 

Oirhona colcarva 

Pseudodi aptomus 
coronat us 

Centropagestus 

Centropagestus hamatus 

Euterpi na actifrons 

Corycaeus amer i canus 

Carycaeus amazon i cus 

Labi docera aesti va 

Other copepods 

Cirripedia larvae 

Decapod 1 arvae 

C 1 adocerans 

Moll uscan 1 arvae 

Larvaceans 

(continued) 
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Table 12. (Concluded. ) 

Average 1973-74 values 

East Say Apalachicola Bay Coastal 
( 6  s t a t i o n s )  

Zooplankton groups No. /rn3 % 

Chaetognaths '3 0.0 2 7 0.3 52 1.6 

Polychaete la rvae  I + 92 1.1 10 0.3 

Fish eggs & l a rvae  1 + 92 1.1 10 0.3 

Other zoopl ankton 2 0.1 35 0.4 16 0.5 

(Tab1 e 13).  41 tbouqh d i r e c t  c o r r e l a t i o n s  Coastal areas  a r e  phys ica l ly  s t a b l e  
were lackl'nq, t h e r e  was a s t r ong  p o s i t i v e  when compared t o  t he  es tuary ;  s a l i n i t y  
r e l a t i ons t l i p  between s a l i n i t y  and va r i e s  l i t t l e  throuqhout the  year i n  the  
d i v e r s i t y .  Temperature and sa l  i n i  t v  had of fshore  systems. In such a r ea s ,  
no s i g n i f i c a n t  e f f e c t  ( a t  t he  0.05 l e v e l )  zooplankton s tandinq crop i s  qenera l lv  
on the  various dependent va r i ab l e s  irl East  higher than t h a t  i n  East  Say. n i v e r s i t v  
Say o r  coas ta l  areas .  tends t o  increase  because Acarti  a averages 

The qeneral lack of d e f i n i t i v e  
s t a t i s t i c a l  r e l a t i o n s h i p s  between 
ind iv idua l  zoopl anktorl i nd i ca to r s  o r  
ind ices  and dominant ohvsical va r i ab l e s  
such as temperature and s a l  i n i t y  r e f l e c t s  
the  cons iderab le  die1 , seasonal ,  and 
annual v a r i a b i l i t y  i n  the d i s t r i b u t i o n  of 
zoool ankton i n  t he  e s tua ry .  Other f a c t o r s  
a r e  almost c e r t a i n l v  important t o  such 
d i s t r i b u t i o n  durinq var ious  periods of t he  
year. Peaks of zooplankton biomass tend 
t o  be assoc ia ted  in  some way wi tb  
oh ytool ankton peaks, esneci  a1 1 y i n  
Apal achicol a Bay aod coas t a l  a reas  (F iqure  
76) .  P r e d a t o r - ~ r e y  r e l a t i  o ~ s h i o s  may  lay 
an important r o l e  i n  zooplankton 
d i s t r i b u t i o n  and abundance throuqhout t he  
year .  Such t rends  a r e  obvious1 v a f f ec t ed  
by hab i t a t  d i f f e r ences ,  bowever. The 
re1 a t i ve l  v small East  9av i s  charac te r ized  
by low s a l i n i t y  and hiqh sedimentat ion and 
t u r b i d i t y .  Sal i n i  t v  chanqes, derived 
l a rge ly  from r i v e r  flow and storm-water 
runoff ,  a r e  raoid.  Most of the ~ e a k s  of 
zooplankton abundance c o r r e s ~ o n d  t o  
s a l i n i t y  increases  i n  t h i s  area. The 
copepod Aca r t i a  tonsa  has a major 
i  n f  1 uence on abundance curves and 
d i v e r s i t y  i ~ d i c e s  in  East  say ;  i t  averaqes 
92% of t he  zoopl a r l k t ~ n  taken throuqhout 
t he  year. 

t P H Y T O P L A N K T O N  
PEAKS 

b-A E A S T  BAY 
e-• COAST 

m-• APALACHICOLA 
BAY 

N D J F M A M J J  A S O N D  

MONTH 

Figure 26. Seasonal d i s t r i b u t i o n  of 
zoopl ankton biomass i n  t he  Apalachicola 
e s t u a r y  and assoc ia ted  coas ta l  a reas  
duri  nq 1974 ( a f t e r  idmi s t en  1979). 



Table 13. Pearson c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  f o r  s i q n i f i c a n t  ( p  < 0.05) zooplankton 
r e l a t i o n s h i p s  i n  East Bay, Apalachicola Bay, and coas ta l  d reas  fEdmisten 1979) .  

Var i  ab l e  East Bay Apalachicola 3ay Cnas t a l  a r ea s  
A- 

f emperat u re  vs. 
Acart i  a  tonsa  
Tota l  zo-kton 
Zoopl ankton biomass 

S a l i n i t v  vs .  
Acartr a  tonsa  0.45 
m i a ~ a  - - 
Total  z o o p m o n  - - 
Zoopl ankton biomass 0.50a 
Zooplankton d i v e r s i t y  - - 

aSignif  i c a n t  a t  p < 0.10. 

l e s s  than 20% of the ove ra l l  abundance. 
The evenness f a c t o r  is  hiqher i n  t h e  more 
s t a b l e  marine environment with increased 
r ep re sen t a t i on  by c7 adocerans. decaood 
1 arvae,  and o t h e r  couepods ( i  .e., remora 
t u r b i n a t a ,  Paracl inus  oarvus,  P.  
c r a s s i  r o s t r i s ,  Oithona nana)(Edmist?n 
1479). Zoopl ankton biomass i n  coas ta l  
waters  i s  co r r e l a t ed  with temperature (r  = 
0.46). 

Zoopl ankton in  Apal achi col a  Bav has 
c h a r a c t e r i s t i c s  of both the inshore and 
off  shore components (Edmi s t en  1979). 
Overal l  numerical abundance was hiqhest  i n  
Apalachicola  Bay (Fiqure 76).  Numbers OF 
Aca r t i a  tonsa  and t o t a l  zooplankton 
abundance and biomass f 01 low general 
seasonal  t rends  of water temoerature. 
S a l i n i t y  a f f e c t s  the s p a t i a l  d i s t r i b u t i o n  
of zooplankton i n  Aoalachicola Bay a t  any 
qiven time. S a l i n i t y  increases  appear t o  
be assoc ia ted  with decreased re1  a t i v e  
abundance of Acar t ia  tonsa. A t  low 
s a l i n i t i e s ,  lower numbers of Acar t ia  a r e  
taken although t h i s  spec ies  s t i l l  comprise 
a  higher  ~ e r c e n t a q e  of the  ove ra l l  zoo- 
alankton assemblaqe a t  such times. Thus, 
whi 1 e temperature i  nf luences overa l l  
t r e n d s  of abundance throuqh time, s a l i n i t y  
i s  assoc ia ted  with t he  s p a t i a l  
d i s t r i  bu t ian  and re1 a t i  ve abundances of 
zooplankton i n  Aoa1achicola Bav a t  anv 
q i v e n  t ime- 

4.7. LARVAL FISHES 

Planktonic f i s h  l a rvae ,  derived from 
e i t h e r  demersal o r  p lanktonic  eqqs, are  
common among var ious  mar? ne t e l  eo s t  
spec ies .  While i t  i s  well known t h a t  
e s t u a r i e s  have r e l a t i v e l y  hiqh l eve l s  of 
phytopl ankton producti  vi t y  and t h a t  such 
l e v e l s  a re  necessary f o r  feeding 
aqgreqat i  ons of zooplankton (Mann 19829, 
t he  re1 a t i onsh ip  oF such hiah groducti  v i  t y  
t o  developinq s t ages  of marine f i s h e s  i s  
not a u i t e  as well known. Lasker (1975) 
has shown t h a t  l a rvae  of t h e  northern 
anchovv (Enqraul i s  mordax) feed on 
phy to~ lank ton  and t h a t  t h e r e  i s  a  d i r e c t  
assoc ia t ion  between feeriinq a c t i v i  t v  and 
phytoplankton concent ra t ion .  Thus, t he r e  
may be c lose  r e l a t i o n s h i p s  between the 
highly ~ r o d u c t i v e  inshore  waters  of the 
Gulf and devel o ~ i  ng s t a q e s  of var i ous 
t e l e o s t  f i she s .  

The r e l a t i v e 1  y hiqh numbers of 
ichthyoplankton i n  the Aoalachicola 
e s tua ry  i nd i ca t e  t he  importance of t h i s  
system as a nursery f o r  f i s h e s .  The most 
abundant planktonic form i s  the bay 
anchovy (Ancboa m i  t c h i  11 i  ) , whi ch accounts 
f o r  92% of the  eqqs and 75% of the  la rvae  
taken r l u r i ~ q  a  year-lonq survey (Tables 
14, 15; Slanchet 1975). Other r e l a t i v e l y  
abundant 1 arvae inc lude  s i l v e r s i  des 



Tab1 e 14. D i s t r i b u t i o n  of i ch thyop lank ton  i n  the Apa l  a c h i ~ ~ f  a es tua r y  as 
i n d i c a t e d  by t he  presence o f  eggs and larvae.  Do t t ed  1 i nes  i n d i c a t e  
sparse breeding a c t i v i t y .  Sol i d  1 ines i n d i c a t e  widespread and/or  i n t en -  
s i ve  breeding as i n d i c a t e d  by l a r g e  numbers of eggs o r  l a r v a e .  Data a r e  
taken from 81 anchet (1978).  

Month 
Species N D J F M A M J J A S O N D  

B r e v o o r i t a  so. - - - - 
Harengul a jaguana 
4nchoa m i t c h i l i  .. 
Anchoa hepset us 
Gobi esox strumosus . - 
Ather i n i  dae ..... Syngnathus s c o v e l l i  
Svnanathus l o u i s i  anae " 4 . .- 

Chl oroscombrus chrysura  
Lagodon rhornboi des - 
Bai r d i e l  1 a ch rysura  
Cynoscion a rena r i  us 
Cynoscion nebulosus 
Leiostomus xanthurus - 
M e n t i c i r r h u s  sp. 
Micropogonias undu la tus  

Poaon i as chrorni s 
? Z i % i T s ~ t  a . . 
d h i l  us oeminatus 
HI' soblennius hGntz i  
i?%EKG---- 
Pr iono tus  sp. .... 
Tr inec tes  rnacul a tus  

(A the r i n i dae ) ,  s k i 1  l e t f i s h  (Gobiesox 
strumosus) , gobi es (Gobi osoma s p p m  
var ious warm-season spawners. Winter  t o  
e a r l v  s p r i n q  types are dominated by 
A t l a n t i c  croaker  
undul atus),  spot  
and Gulf menhaden 
Various o t h e r  s c i a e n i d  l a r v a e  a re  taken, 
i n c l u d i n g  r e d  drum (SciaenoPs oce l l a t us ) ,  
southern ki n g f i s h f ~ e n t i  c i r r h u s  
arneri canus), and t h e  sand sea t r ou t  
(Cynoscion arenar ius ) .  The abundance of 
t o t a l  l a r v a e  i s  h i qhes t  i n  western 
oo r t i ons  of ~ o a l a c h i c o l a  Rav. l a r a e l  Y , - 
because of the' h iqh  numbers o f  ~ n c h o a  
r n i t c h i l l i .  

Eggs o f  most species (except 
anchovies) a re  g e n e r a l l y  found o f f shore ,  
i n d i c a t i n g  t h a t  few species a c t u a l l y  spawn 
w i t h i n  the estuary .  The deve lop ins  stages 

o f  f i s h e s  u s u a l l y  appear w i t + i n  t h e  bay 
system a t  d i f f e r e n t  t imes  o f  the year. 
Areas i n  the e s t u a r y  away f r om  the  Dasses 
are c h a r a c t e r i z e d  by t h e  presence of 
species t h a t  soawn w i t h i n  t he  bav 
(anchovies, a t  h e r i  n i d s ,  b l  ennies and 
gobies).  Re1 a t  i v e l  y l a r q e  numbers o f  qoby 
1 arvae are found a t  West Pass. 

Wi th  t h e  e x c e p t i o n  o f  t he  qu l f  
~ i p e f i s h  (Synqna thus  s c o v e l l i ) ,  which 
appears t o  breed t h r o u q h o u t  t he  vear, ~ o s t  
species have s ~ e c i f  i c  b reed inq  seasons 
extending from o n e  t o  severa l  months. 
Anchovies have an ex tended  b reed i  nq season 
a1 though t hey  a r e  cons i de red  warm-season 
spawners. Two peaks i n  t o t a l  l a r v a l  
abundance ( A p r i  1 -May and Ju l  y-September) 
occur  (Table 15). L a r v a l  abundance and 
species r i chness  a r e  h i  qher du r i ng  s p r i n s  
months, however. Peak numbers of 



Table 15. Numbers o f  ichthyoplankton w i t h  l a r vae  and w i t h o u t  anchovy l a r v a e  ( i n  
parenthes i  s )  taken a t  var ious s t a t i ons  w i t h i n  the Apal ach i co l  a  es tuary  ( a f t e r  
61 anchet 1978). 

- - S t a t i o n  ---- --------- -- 
Inshore  
L i t t l e  

Date 3 1 C 2 o f fshore 1 B  S t .  George 1 A  - 1 

(cont inued) 



Table 15. (Concluded. ) 

S t a t i o n  
Inshore 
L i t t l e  

Date - 3 1 C  2 Offshore 18 St .George 1A 1 

i ch thyop l  ankton (25.8 TI-:<) a r e  found j u s t  
Seyond S i k e ' s  Cut i n  A p r i l .  

Fishes t h a t  l i v e  i n  a  q iven  es tua r y  
can be organized i n t o  va r ious  ca teqor ies  
accord inq t o  t h e i r  1 i f e  h i s t o r y  (McYuqh 
1967). Es tuar ine -de~endent  forms i nc l ude  
t r u l y  es tua r i ne  species, anadromous and 
catadromous species, marine species t h a t  
l i v e  and o f t e n  spawn of fshore bu t  use t h e  
es tua r v  as a nursery,  and marine species 
t h a t  en te r  t h e  es tua r y  seasona l l y  as 
adu l t s  but  remain o f f shore  as juven i les .  
I n  t h e  Apa lach ico la  estuarv ,  t h e  es tua r i ne  
eqqs and l a r vae  are dominated by  one 
es tua r i ne  species, the  bay anchovy. A t  
s t a t i o n s  t h a t  are no t  near t h e  passes (3, 
2, 1; Table 15) numbers of l a r vae  o f  
species o the r  than anchovies are u s u a l l y  
low. Such areas tend t o  be dominated by 
species t h a t  spawn w i t h i n  t h e  es tua r y  
(i.e., a t he r i n i ds ,  b lennies,  s k i l l e t f i s h ) .  
Slanchet (1978) a t t r i b u t e d  t h e  low number 
of eggs i n  t h e  es tua r y  t o  t he  f l u s h i n g  o f  
the  bay system. I t  i s  a l s o  poss i b l e  t h a t  
t he  q e n e r a l l v  low s a l i n i t i e s  w i t h i n  the 
es tua r y  prevented spawninq by most 
species. Overa l l ,  t h e  p a t t e r n  and 
d i s t r i b u t i o n  o f  t he  f i s h  l a r v a e  w i t h i n  the  
bay system would i n d i c a t e  t ha t ,  wh i l e  
s p e c i f i c  causa t i ve  f a c t o r s  remain unknown, 
the  p r imary  f u n c t i o n  o f  the  bay i s  i t s  use 
as a nu r se r y  by t r u e  e s t u a r i n e  species and 
marine soecies t h a t  soawn offshore. 

4.3. BENTHOS 

Considerable in fo rmat ion  i s  a v a i l  ab le  
concern inq ben th i c  macro inver tebrates i n  

es tua r i ne  and coas ta l  systems (Mann 1982). 
Senth ic  infauna, which l i v e  w i t h i n  t he  
sediments, are usual 1  v  separated accord ing 
t o  s i ze  i n t o  macrobenthos, meiobenthos, 
and microbenthos. A1 though t h e r e  a re  
d i f f e r i n g  op in ions as t o  t h e  exact  
dimensions o f  each s i z e  category, most 
workers agree t h a t  t he  macrobenthos 
inc ludes  those organisms taken i n  750-500 
micrometer ( m) sieves. Meiobenthic 
orqanisms are those taken between 62 m 
and 250 m, and organisms smal ler  than 62 
m are c l a s s i f i e d  as microbenthos. 

Macro inver tebrates l i v i n q  . jus t  above t h e  
sediments o r  a t  the  sediment-water 
i n t e r f a c e  a re  c a l l e d  epi fauna o r  
e ~ i b e n t h i c  inver tebra tes .  These orqanisms 
w i l l  be t r e a t e d  as nekton i n  t h i s  review. 

The r e l a t i v e  composit ion o f  any g iven  
ben th ic  macro inver tebrate c o l l e c t i o n  
depends t o  a  cons iderable degree on t h e  
form o f  sampling gear. I n  t h e  
A ~ a l a c h i c o l a  Bay system, ben th ic  
macro inver tebrates have been taken by 
cores and ponars (McLane 1980; Mahoney and 
L i v i n q s t o n  1482), l e a f  packs ( L i v i nqs ton  
e t  a l .  1977), o t t e r  t r a w l s  ( L i v i nqs ton  
1976a, b; L i v i n g s t o n  e t  a l .  1976b), and 
dredge-nets and seines (Pu rce l l  1977). 
The ben th ic  macroi nver tebra tes  i n  t h e  
Apal ach ico l  a  Bay system represent  a  
d i ve r se  fauna (Table 16) w i t h  d i s t i n c t  
pa t te rns  o f  temporal and s p a t i a l  
d i s t r i b u t i o n  ( L i v i ngs ton  e t  al .  1977). 
4l thouqh cons iderable seasonal and year- 
to-.year v a r i a t i o n  i n  species composit ion 
and r e l a t i v e  abundance i s  found a t  any 
g iven  sampl ing area, c e r t a i n  t rends are 



Table 16. Inve r t eb ra t e s  taken i n  cores ,  leaf-basket?,, d r e d q ~  n ~ t s ,  ~ n d  o t t e r  t r a w l s  in  
t h e  Apalachicola  Bay system (1975-1983). Data a re  dcrivetl  f rorn i . i v i  nqston e t  a l .  
(1976c, 1977), McLane (1980), Purce l l  (1977) ,  Mahoney (?9P ' ) ,  ~ n d  S b r i d a n  (1978, 
1979). Recent taxonomic updates a r e  noted in Livinqston p t  a f .  ' lQs1). 

Phylum - Mollusca 
Class  - Gastropoda 

Subclass - Prosobranchi a 
Order - Archaeogastropoda 

Familv - Ner i t idae  

Clas?  - S i v d l v i a  
9iva lve  sp .  7 
S iva lge  sp. x 

Order - Mv'iloida 
Farnilv. - Mytil idae 

Ne r i t i na  r e c l i v a t a  
Order - Mesoaastro~oda 

Family - c i l m t r a e i d a e  
~ r & i  dul a f o r n i c a t a  
Crepidul a j l a n a  

Family - Naticidae 
Pol i ni ces dupl i c a t  us 

Famifv - E ~ i t o n i i d a e  
Epitonium rup i co l a  

Family - Hydrobiidae 
Texadina 

s ~ h i n c t o s t o m a  
Family - ~ e r i  t h i i d a e  

Bittium varium -- 
Order - Neogastropoda 

Family - Fasc io l a r i i dae  
Fasc io l a r i  a t u t i p a  

Fami 1y  - Me1 ongeni dae 
Busycon contrar ium 
Busycon sp i  r a t  urn 
Melongena corona 

Family - Muricidae 
Urosalpi nx perrugata 

Family - Columbellidae 
Anachis avara 
M i t r e l ? a l u n a t a  

Family - Olividae 
O l i v e l l a  sp. 

Family - Thaididae 
Thais  haernastoma 

Famif v - Marqinellidae 
~ runum api c i  num 

Subclass  - O~is thob ranch i a  
Order - cephal as p i  dea 

Fami I v - Bull i dae 
Bull a s t r i  a t a  
Retusi dae 
Retusa canal i cu1 a t a  
Pyrami d e l l  i dae 
Odostomia laev iga ta  

Order - Anaspi dea 
Fami ly  - Aplysi idae 

Aplysia wil lcoxi  
Order - Nud i branchi a 

Nudi branch sp. 

i ; l  -I' 

Rrachi dont.er exustus  
a-- 

Srachidontes  sp. 
Order - Arcacea 

Family - Arcidae 
Avadara bras i  1 iana -- --- 
Anadara sp. 
Anadara t r ansve r sa  -- 

Order - Ostreo ida  
Family - O s t r e i i d a e  

Cra s sos t r ea  v i rg in i ca  -- 
Order - Veneroida 

=ami 1 y - Cyrenoi di dae 
Pseudocyrena f 1 o r i  dana 

Family - Mactridae 
Xactra  f r a q i l i s  
Mulinia  l a t e r a l i s  
9anqi a cuneata  

Fami 1 Y - Solenidae 
Ensis  minor - -- 

Family - T e l l i n i d a e  

Family - 
Abra aequa l i s  - 

Family - So lecu r t i dae  
Taqelus p lebe ius  

Familv - Dreissenidae 
Myti 1 opsi s leucophaeta 

Family - Corbicul idae 
Polymesoda caro l  in iana  

Fami I v - Cardi i dae 
Oinocardi urn robustum 

Class - Cephalopoda 
Order - Teuthoidea ( =  ~ e c a p o d a )  

Family - L ~ l i g i n i d a e  
Lol l iguncula  b r ev i s  

Class - Polyp1 acophora 
Family - Chitonidae 

Chi ton  tubercul  a t u s  
Phyl urn - Anne1 i da- 

Class - Dolychaeta 
Polychaete (unident  . )  

(continued) 



16. (Continued. ) 

Order 
Fami 

F ami 

Order 
Fami 

F ami 

Order 
F ami 

Order 
Fami 

- Orbini ida 
l y  - Orbini idae 

Hapl oscol opl os 
f o l i o s u s  

Hapl oscolopl os 
f rag i  1 i s  

Scoloplos rubra 
l y  - Paraonidae 

Paraonis sp. 
- Spionida 
l y  - Spionidae 

Caramziell a hobsonae 
Paraprionospi o 

pi  nnata 
S i o  hanes bombyx 

bene8i 
Scofo'fepis -- tEGiT 
Maaelonidae 

c t i  - 

~ a g e l  ona polydentata  
Magelona sp. 

l y  - C i r r a t u l i d a e  
Chaetozone sp. 

- c a p T F i K 5 -  
l y  - Cap i t e l l i dae  

Capi t e l l  a c a p i t a t a  
Capi t e l l  a sp. 
Capi t e l l  i des -- jonesi 
Heteromastus 

f i l i f o r m E  
Mediomastus ambi s e t a  
Notomast us hemi podus 
F%iy:ora 1 i qni 

y ora  soc i a l  i s  
Polydora webster i  

1v - Arenicol idae - 
Arenicola c r i s t a t a  

l y  - Maldanidae 
Rranchioasychis 

amer i cana 
Clvmenell a s o .  

- ~ h ~ l l b d o c i d a  ' 
l y  - Phyl lodocidae 

Eteone heteropoda --- 
P a r a n a i t i s  s n e c m  
Phyl 1 odoce G g i  1 i s  -- 

l y  - Hesionidae 
Gypti s brevi  pal pa 
Onhi odromus abscura 
Podarke sp. 

Pi 1 arqi i dae 
Ancistrosyl l  i s  

hartmanae 
Ancis t rosy l l i s  sp. 
Parandal i a americana 
Siqambra bassi 
Sy 1 1 i dae 

Fami l y  - Nereididae 
Laeonereis cu lver i  
Nereid sp. 4 
Nereis succinea 
S i  nerei s mart i ni 

Family - Gl yceri  dae 
GI cera americana 

Famil y - &dae 
Glycinde s o l i t a r i a  

Order - Amohinomi da 
Fami 1 y - Amph i nomi dae 

Amphinome r o s t r a t a  
Order - Terebel l ida 

Fami 1 v - Amahicteni dae 
~ i s t e n a  gouldi --- 

Fami 1 v - Amohareti dae 
~ o b s o n i a  f l o r i d a  
Me1 i nna macul a t a  

Order - Eunicida 
Fami 1 v - Onuohi dae 

~ i o b a t r a  cuprea 
Familv - Eunicidae 

Marphysa sanguinea 
Fami l y  - ~umbr in i r i dae  

Lumbrineris sp. 
Lumbri ne- tenui  s -- 

Order - Sabel l ida 
Family - Sabel l idae  

Fab r i c i c  sp. 
Class - Oligochaeta 

Oligochaeta spp. 
Order - Haplotaxida 

Family - Tubif ic idae 
Limnodri 1 oides sp. 
Pel oscolex benedeni 
~ h a l l o d n u s  sp. 
Tubif i co ides  

heterochaetus 
Tubif icoides sp. --- 
Nai di dae 
Paranais  l i t o r a l  i s  

(cont inued)  

5 1 



Table 16. 

Phylum - Arthropoda 
Subphyl urn - Crustacea 

C lass  - Malacostraca 
Superorder - Peracar ida  

Order - Mysi dacea 
Mysidops is  almyra 
Mysi dopsi  s  bah i  a  
Mysi dops is  K @ T o w  
Taphromysi s  bowman i 

-Y== OUT s i  anae 
Order - Tanaidacea 

Harger i a rapax 
Order - Cumacea 

Cumacea sp. 
Order - Isopoda 

Fami ly  - Anthur idae 
C a thu ra  p o l i t a  
h r  a 

b r e v i t e l s o n  
Fami ly  - Sphaeromati dae 

Cassi d i  n i  dea oval  i s  
Sphaeroma 

auadr i  dentatmi  - ~ - -  

~ ~ h a e r o m a  terebrans 
Fami ly  - I do te i dae  

Edotea montosa 
Edotea sp. 

Fami ly  

 richs son el 1 a $. 
( c f .  f i l i f o r m i s )  

Munn i dae 
Munna r e y n o l d s i  

Order - Arnphipoda 
Suborder - Capre l l  i dea  

Fami ly  - Capre l l  i dae 
Paracapre l f  a  

t e n u i  s 
Suborder - Gamrnari dea 

Famil  y - Haus to r i  dae 
Lep idac t y l  us sg. 
Haus to r i  dae so. 

Fami ly  - Gamrnaridae 
Gammar us 

Fami ly  

mucronat us 
Gamrnarus so. 
Bate idae 

(Continued. ) 
- 

Fami ly  

Fami ly  

Fami ly  

Fami ly  

Fami ly  

3atea 
ca tha r i nens i  s 

Carinobatea ipI 

(cont inued)  

5 2 

Ampel iscidae 
Ampelisca -- abd i t a  
Am e l i s c a  vadorum A__- -.- 

Me1 i t i d a e  
Me1 i t a  -- 

? Me i t a  e longa ta  
M e l i t a  f r e s n e l i i  
Me1 i t a  
i ntermedi us 

Me7 i t a  7 s ~ t ? s a  
Me i t a  n i t i d a  -- 
M e l i t a  sp. 
I s c h y r o c e r i  dae 

W t : b P ; 1  a r i s  
E r i ch thon ius  

b r a s i l  i e n s i s  
E r i ch thon ius  sp. 
Aor i dae 
G r a n d i d i e r e l  l a  . . .. 

bonni  e ro  i des 
G r a n d i d i e r e l  l a  

~ernbos sp. 
M i c rodeu to  us sp. 
7zaiGd- 

Crangonyx 
r i chmondens i s 

Amoh i 1 och i dae 
~ i t a n o ~ s i s  sp. 
Ampi t h o i  dae 
Cymadusa compta 
Cymadusa sp. 
Ta l  i tr i  dae 
Orches t i a  r i l l u s  
O rchez t i a  %- uh er1  



Table 16. (Cont i  nued. ) 

Fami 1.y - Process i  dae Superorder - Eucar ida 
Order - Decapoda 

Fami1.y - Penaeidae 
Ambi dexter  

symmetri cus 
Penaeus aztecus 
Penaeus duorarum 
Penaeus s e t i f e r u s  
Trachypenaeus 

c o n s t r i  c t us  
Trachypenaeus 

s i m i l i s  
X i  phopenaeus 

k r o y e r i  
S i cyon i  a 

b r e v i r o s t r i  s 
S i c  o n i a  d o r s a l i s  
*dae 
Acetes ameri canus 
Palaemonidae 
Leander 

t e n u i c o r n i s  
Macrobrachi um 

Processa 
f i r n b r i a t a  

Processa . . - - ~ ~  

hemph i l l  i 
Processa sp. 
Cambari dae 
Procambarus 

penaensal anus 
Fami 1y - Caf li anassidae 

C a l l  i anassa 
a t1  a n t i c a  

C a l l  i anassa 
j amai cense 

Paqur i  dae 
Fami ly  - 

Fami ly  - pagurus 
bona i rens i  s -- 

%carpus 
Pagurus 

p o l l  i c a r i s  
Ma j i dae 

oh i one 

Pa l  aemonetes 
n ~ ~ o  i n 

~ i b i n i a  dubia 
L i b i n i a  

emargi nata 
Metaporhaphi s 

c a l  ca ra ta  
Podochel a riis 
Portun idae 
C a l l  i nectes 

~ a E n e t e s  

P e r i c  ? ~menes 
ameri canus 

Per i c l  i menes 
T o n g i  caudatus 

Fami ly  - Alpheidae 
Ca W i nec tes  

I 

armi 11 atus 
Alpheus formosus 

s i m i l i s  
ova l  i pes- 

guadulpensis 
Portunus ~ i b b e s i  i 

I 

hete rochae l  i s 
Alpheus normanni 

Famil  v - Oavr id idae  
Fami ly  - Xanthi  dae 

Eurypanopeus 
depressus 

Hexapanopeus 
angus t i f  rons 

Men i oDe 

., 
0 i ) r i des  l i m i c o l a  

Fami ly  - H i p p o l y t i d a e  
H i  p p o l y t e  

z o s t e r i  c o l a  
mercenar i a 

Neopanope 
La t r eu tes  

p a r  vu 1 us 
Lvsmata packard i  i 

Neooanope texana wurdemann i 
Thor dobk i n i  - Panooeus h e r b s t i i  - 

Rhi thropanopeus . . .  Tozeuma 
c a r o l  inense h a r r l  s l l  

Fam i l y  - 

Fam i l y  - 

Grapsi  dae 
Sesarma c i  nereum 
Ocypodi dae 
Uca m i  nax -- 



Tab1 e 16. (Conc luded .  ) 

F a m i l y  - P o r c e l l a n i d a e  
P e t r o l  i s t h e s  

F ami 
v i t t a t u s -  

Leucos i i d a e  
P e r s e p h o n a  

medi t e r r a n e a  
S u p e r o r d e r  - H o ~ l  o c a r  3 d a  

O r d e r  - ~ t o m a t o ~ o d a  
F a m i l y  - S a u i l l i d a e  

- s q u i l  1 a empusa 
C l a s s  - O s t r a c o d a  

O s t r a c o d a  s p .  
C l a s s  - B r a n c h i u r a  

A r g u l u s  s p .  
Subphyl  urn - Hexapoda 

C l a s s  - I n s e c t a  
I n s e c t  1 a r v a e  
( s e v e r a l  u n i d e n t . )  

O r d e r  - D i p t e r a  
F a m i l y  - Chi ronomi d a e  

Chi ronomi  d a e  
AS1 abesmi  a s p .  
Chi ronomus  s p .  
C l a d o t a n y t a r s u s  s o .  
C l i n o t a n y p u s  s p .  

f u l  v u s  
C r y p t o c h  i ronomus 

SP. 
D i c r o t e n d i p e s  s p .  
G f y p t o t e n d i p e s  sp .  
Y a r n i s c h i a  s p .  
M i c r o t e n d i p e s  s p .  
Nanocl a d i  u s  s p .  
O r t h o c l a d i u s  so. 

Fami l  y - Y e p t a q e n i i d a e  
1 u n i d e n t .  s p .  

F a n i  1 y - q a e t i  d a e  
C a l l  i b a e t i s  s p .  

O r d e r  - P l e c o p t e r a  
1 u n i d e n t .  sp. 

O r d e r  - H e m i p t e r a  
F a m i l y  - C o r i x i d a e  

1 u n i d e n t .  sp. 
O r d e r  - L e p i d o p t e r a  

Fami 1 y - O v r a l  i d a e  
Nynphula sp .  

Ph y l  um - E c h i n o d e r m a t a  
E c h i n a r a c h i n u s  

parma 
E c h i n a s t e r  s ~ .  
Hemiphol  us - 

L u i d ~ a  T c a t h r a t a  -- 
O p h i o t h r i x  -- 

a n g u l  a t a  

Tanypus  s p .  
fanytarsus s p .  

F a m i l y  - H e l e i d a e  
R e z z i a  s p .  

O r d e r  - Odo- 
S u b o r d e r  - A n i s o p t e r a  

2 u n i d e n t .  spp .  
S u b o r d e r  - Z y g o p t e r a  

1 u n i d e n t .  s p .  
O r d e r  - E p h e m e r o p t e r a  

F a m i l y  - C a e n i d a e  
C a e n i s  s p .  



evident .  I n f  aunal numer ica l  abundance and 
d r y  weiqht  biomass (F igure  27) i n  East 
Bay, Apa lach ico la  Bay, and St.  George 
Sound usual1 y  peak d u r i n s  w i n t e r  and e a r l y  
s u r i n q  months (Mahonev and L i v i  nqston 
1982; L i v i n q s t o n  1983b, c; L i v i nqs ton  e t  
a l .  1983). Yumhers of i n f auna l  species 
reach t h e  h i  qhes t 1 eve1 s  d u r i  nq w in te r  and 
s p r i n q  months (F igure  27). Month1 y  
var iance f o l l o w s  the  t rends  o f  numerical 
abundance and swecies r ichness.  Sheridan 
and L i v i n q s t o n  (1983), work ing i n  shoal 
qrass (Halodule w r i q q t i i )  meadows on the  
n o r t h  shore of S t .  Georqe Is land ,  found 
i n f  aunal d e n s i t i e s  exceedi nq 104,000 
i n d i v i d u a l s  m-2 i n  A p r i l  1475. 

S p a t i a l  q rad ien ts  o f  s a l i n i t y ,  
o r o d u c t i v i  t v ,  and sediment types i n f l uence  
t h e  i nf aunal communi t v composi t i  on 
( L i v i n q s t o n  e t  a l .  1983). Whi le phys ica l  
f ac to r s  appear t o  predominate i n  the  
i n f  aunal community r e l a t i o n s h i p s  i n  the 
upper es tua r v  near t h e  r i v e r  mouth, o ther  
f a c t o r s  such as p reda t i on  pressure and 
comueti t i o n  may be impor tan t  determinants 
of such i n t e r s o e c i f i c  i n t e r a c t i o n s  i n  
po l  yhal  i n e  o o r t i o n s  o f  t h e  bay system 
( L i v i n q s t o n  e t  a l .  1983). 

Overa l l ,  i n f  aunal swecies f a1 l i n t o  
f o u r  qeneral  ca tegor ies :  crustaceans, 
po l  vchaetes, m o l l  usks, and a m i s c e l l  aneous 
qroup t h a t  i n c l udes  i n s e c t  l a r vae  and 
01 iqochaete worms. Predominant species i n  
East Ray i n c l  ude Mediomastus ambiseta, 
S teb losp io  b e n e d i c t i  , Heteromas t us  
f i l  i f o r m i s ,  Ampel i s c a  vadorum, Hobsoni a  
f l o r i d a ,  Ha rge r i a  rapax, and 
G r a n d i d i e r e l l  a  bonn ie ro i  des. The t ana id  
Harger ia  raoax i s  most abundant i n  o r  near 
grass b e d s i n  Apal ach i co l a  Sav from 
February t o  A p r i l .  Other dominant qrass- 
bed species i n c l  ude Heteromas t us  
fil i f o r m i s  and Hobsonia f l o r i d a .  The 
amphi pod Grandi d i e r e l l  a  bonn ie ro i  des 
ranges throuqhout  t h e  East 
Sav-Apal ach i co l  a  gay complex, w i t h  peak 
ahundances du r i nq  e a r l y  s p r i n q  and l a t e  
s  ummer . ?of t -sediment  po l  yhal i n e  
assembl aqes are dominated by Mediomastus 
ambi seta, Parawr i  onospi o  u i  nnata, and 
immature t u b i f  i c i d  worms (L i v i nqs ton  e t  
a1 . 1483). The sedentary  oo l  ychaete 
~e te romas tus  f i l i f o r m i s  i s  ' l a r g e l y  
r e s t r i c t e d  t o  orass beds and i s  most 
abundant d u r i  nq A w r i  1. The amphi pod 
Ampelisca- vadorum occurs p r i m a r i l  v  i n  t h e  

Apal achi co l  a  Bay seagrass meadows dur ing  
w in te r  and e a r l v  f a l l  months. The oolv- 
chaete Mediomastus ambiseta i s  found i n  
f i n e  mud bottoms throuqhout t h e  bav. w i t h  - ., . 
peaks o f  abundance i n  March. The 
ubiqu i tous po1,vchaete S t r eb l  ospi  o  
bened ic t i  u t i l i z e s  a v a r i e t y  of hab i t a t s  
throughout the estuary, w i t h  peak 
abundance dur inq  w in te r  months. The 
polychaete ~ o b s o n i a  f l o r i d a  i s  found 
throughout the  ba,y from qrass beds t o  so f t  
sediment (unvegetated areas). Peak 
abundance i s  noted dur ing  e a r l y  f a l l  
months . I n  qeneral, the  polychaete 
species are eurythermal and euryhal  i n e  and 
inc lude  se l ec t i ve  and nonse lec t i ve  depos i t  
feeders. Sheri  dan and L i v i nqs ton  (1983) 
noted t h a t  the dominant tana ids  and 
amphi pods are d e t r i  t i v o r e s  and depos i t  
feeders . 

Because cons iderable amounts o f  
d e t r i t a l  mat ter  are u s u a l l y  swept i n t o  the 
es tuary  by the Apalachico la  R ive r  dur ing  
w in te r -sp r inq  per iods, t he  orqanic  l i t t e r  
forms an impor tant  h a b i t a t  f o r  var ious 
macroi nvertebrates. Orqani sms associated 
w i t h  leaf l i t t e r  and d e t r i t u s  have been 
descr i  hed by L i v i nqs ton  (1978) and 
L i v i nqs ton  e t  al .  (1976b, 1977). L i t t e r  
fauna i s  dominated by isopods, amphi pods, 
and decapods, which u t i  1  i z e  p a r t i c u l a t e  
mat ter  and 1 i t te r -assoc i  ated microbes f o r  
food and/or she l te r .  Oominant species i n  
East Bav and A ~ a l a c h i c o l a  Bay i nc l ude  
~ e r i  t i n a d  r e c l  ivata,  Pal aemonetes spp., 
Corophium l o u i s i a n u m , G a m m a r u s  spo., 
G rand id i e re l l  a  bonnieroides, Me1 i t a  spo., 
and Munna reyno lds i  . Sal i n i t y  appears t o  
be an important o rqan iz ing  f e a t u r e  o f  
l i t t e r  assoc ia t ions ( L i v i ngs ton  unpubl . ). 

L i f e - h i s t o r y  s t r a t eq i es  o f  dominant 
i n f  aunal and 1 i t t e r - a s s o c i  ated 
macroi nver tebrate populat ions are d i c t a t e d  
by subs t ra te  type, temperature, s a l i n i t y ,  
and b i o l o g i c a l  f ac to r s  (Table 17). Most 
dominant i n f  aunal popul a t i  ons reach peaks 
o f  numerical abundance dur ing l a t e  w in te r  
and sp r i ng  per iods o f  low s a l i n i t y  and 
inc reas ing  temperature. Most such soecies 
are euryhal i ne  and eurythermal. 
Reproduction o f  some i n f  aunal popul a t i  ons 
occurs throughout t he  year w h i l e  o thers  
reproduce on1 y  between sp r i nq  and f a l l .  
I n d i v i d u a l  species have d i f f e r e n t  pa t te rns  
o f  d i s t r i b u t i o n  w i t h i n  t he  es tuary  depen- 
d inq  on r e c r u i  tment pa t te rns  and response 



Table 17. General abundance 1 nforma ti on and n a t u r a l  h i  s t o r y  notes f o r  the dominant organisms ( i  nfauna, 
ep ibenth ic  f ishes ,  and i n v e r t e b r a t e s )  i n  the Apalachicola  es tuary .  A comparison o f  species character-  
i s t i c s  w i t h  observations i n  other  g u l f  e s t u a r i e s  i s  a l s o  given.  References f o r  such notes a r e  l i s t e d .  

Peak Peak Reproduc t i  ve Reproduc t ive  
abundance abundance S a l i n i t y  p a t t e r n s  i n  p a t t e r n s  i n  

i n  g u l f  A p a l a c h i c o l a  and tempera ture  g u l f  A p a l a c h i c o l a  
e s t u a r i e s  t o l e r a n c e  I.9-~Le_s_-y -*--- ------ --------- 2 ~ - 5 _ t m - ~ ~ ~ ~ ~ ~  - -- e s t u a r i  e s  S W Q e m  ------- 

NEKTDNIC INVERTERRATES -- --- -- - - - - 
Penaeus s e t i  f e r u s  S p r i n q  anrl Summer and Hiqh; p r e f e r  low Spawn i n  g u l f  i n  J u v e n i l e s  e n t e r  mia-s?3 k i i -  f a l l  f a l l  s a l i n i t y ,  D i r e c t  e a r l y  s p r i n g  and bay i n  s p r i n g ,  

r e l a t i o n s h i p  o f  f a l l .  P o s t l a r v a e  summer 
s i z e  w i t h  s a l i n i t y  and j u v e n i l e s  e n t e r  

bays i n  s p r i n g  

Penac115 duorarum Late  siiminer, J u l y  - t l iqh;  o r e f e r  h i q h  
-(Ti6 kTGiin3 "' f a l l  Nove~nbcr s a l i n l t v .  u s u a l l y  

domi nank- a t  
s a l n i t i e s  18 p p t  

Perlaeiis a7tec11s L a t ~  qpr i n < ] ,  Late  spr inq ,  Yiqh; p r e f e r  low 
t~, W~WQ- .sIii-CE?- - s ~~mrner e a r l y  summer s a l i n i t i e s  
cn 10-70 p p t  

Pa l  ,~e'nionetrs r 2 i  io Fe l~ruary ,  F ~ h r u a r y  - Hiqh; o r e f e r  low 
~ < i i s - ; 4 ~ r i % ~ T  .- March A p r i  1  s d l i n i t i e s  

10-70 p p t  

S p r i n g  and summer 
spawni nq; pos t  
l a r v a l  peaks, 
Augugt - September 

P o s t l a r v d e  e n t e r  
hays l a t e  w i n t e r -  
s p r i n q ;  . j u v r n i l e s  
ear 1.y summer 

5pawn i n  zmnPr  
and f a l l  

Lo: 1  i %1!1,:111d b r ~ v i C  v-7.- V a r i c d , e a r l y  Strrnmer,fall P r e f ~ r  h i q h  Suqqc<tcd c c t ~ r a r i  nc 
r i e r  ~ ~ 1 1 1 d )  s p r i t ~ q  t o  l a t e  <a1 i n i t y ,  15 p p t  cpawninq th ro~rqhnt r t  

the  year 

Fehrrrary - S a l i n ~ t y  ranq* Herrnaphrod: t ~c 
11pr I 1  6.1-7fi.n ppe 

Telnperatrlre ranq? 
1 1 . 5 - v . 5 o r  

March - 
Auqust 

S a l i n i t y  ranqe 
0-76.8 p p t  
Temperature ranqe 
6.0-3?.50r . 

J l l v e n i l e  staqes 
e n t e r  bay  d u r i n q  
summer 

J u v e n i l e ?  i n  bay 
d u r i n q  e a r l y  summer 

Qeferences -- 

Gunter 1950; L i n d e r  and 
Rnderson 1956; I n g l e  1957; 
Loesch 1965; W i l l i a m s  1056; 
Copeland and T r u i t t  1966; 
Chr istmas e t  a l .  1966; Perez 
F a r f a n t e  1069; P e r r e t  1971; 
Ga idry  and Whi te  1977; Copeland 
and Rechtel  1971, 1974; Stokes 
1974; 3winq le  and b land 1974. 

!ioec7c 4.111 Jones 196.3; Wood 
I % ? ;  R o ~ ~ s e  l%9;  : 'erret  1971; 
' iwinqlc a n d  9lant l  1074. 

Younq r n t i i r  !,dy S l ~ n t  ~r 1950; I i r 4 r ~ ~ n - + h  1950: 
O a r n e l l  1950; T a q d t 7  I%?; 
Yore 1%9;  n i n q  ! q i l ;  i v o n s  P+ 

d l .  l a71  ; 'ona!an4 and  ?nc! i te i  
1 9 7 4 ~  

I!cr;naphro!!i t i c ;  ilvi.i,,clnn :a'?a; !.- . d . ,  .,-;+, ;,., ,>- 
o v i q c r o ~ r s  fp!na:c; 41. ',Q?(i!,, ' 9 '7 ;  UC, ant: 10Q": 
1iote11 t . h r o ~ ~ q t ~ n : i t  Sher i  ?.?I, a?,' :: vic.:c'nr? :a':?. 
t.he year 

Oviqerovs female? L i v i n r i s t q n  1078; L i v i ~ i q s ? o n  e t  
no ted  f r o m  a l .  1976b, 1977; VcLane 1980; 
November Sher idan and L i v i n g s t o n  1983. 
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Month Month 

' Based on 4 0  core somples token monthly ID East Boy 1975 - 1982 

' ~ o s c d  on 4 8  2-rn~n otter troul tows token tn Apafo~hlcoIO Estuary 1972 - 1982 

~ o s e d  on 48 2 -  mjn otter tr0.1 tows taken monthly ~n Apaloch~cola Estuary 1972 - 1982 

F igu re  27. Summed numerical  abundance and number 
o f  species o f  ben th ic  in fauna  and ep iben th ic  f i shes  
and i n v e r t e b r a t e s  i n  East Bay and Apalachico la  Bay 
f rom 1972 t o  1982 ( f rom L i v i n g s t o n  unpubl .) . Data 
a r e  presented as monthly means +1 standard devia- 
t i o n  o f  the mean. 



t o  s t ress .  Yowever, t h e r e  i s  re1  a t i v e l  Y 4.5. NEKTON 
l i t t l e  i n  t h e  way o f  d e t a i l e d  l i f e - h i s t o r y  
in fo rmat ion  concern inq these i n v e r t e b r a t e  Yekton a re  t h o s ~  orqan i srns t b a t  a re  
species. s t r o n q  enouqh swimm~rs t b a t  + h e y  can move 

throuqh tbe water column, even aqa ins t  
4.4. OYSTERS w a t ~ r  cu r ren t s .  ! n t he  Apal ach i  c o l  a  Sav 

svstem, the nekton comprise t h e  bu l k  of 
Oysters  (Crassostrea v i r g i n i  ca) t h e  s p o r t  and commerci a1 f i sher ips  and a r e  

represen t  an impor tan t  p a r t  o f  t he  b i o t a  amonq t he  more consoicuous h i o l o q i c a l  
of the  Apa lach ico la  es tua r y  (F i gu re  20). components of the es tuarv .  E o i b e n t h i c  
Such f a c t o r s  as temperature, r a i  nf a1 1/  f i s k s  and i r lve r tebra tes  i n  t h e  
r i v e r  f l o w  (and hence s a l i n i t _ ~ ) ,  Aoa lach ico la  marshes ( T a b l ~  18) and ooen 
p r o d u c t i v i t y  (a1 lochthonous and water  areas (Table l a )  are  cha rac te r i zed  
autochthonous), bottom type, and p reda t i on  b v  h i q h  numbers of oredominant species, 
d e f i n e  t h e  l i f e  h i s t o r y  of oys te r s  i n  t h e  w i t h  t h e  t op  t h r e e  soec ips of each group 
Apa lach i co l a  estuary .  I n g l e  and Dawson accoun t ins  f o r  70%-80% of tbe  t o t a l  
(1951, 1952) no ted  t h a t  temperature i s  numbers taken throughout  t'le vear. Tbe 
r a r e l y  l i m i t i n q  and t h a t  t he  spawning r e l a t i v e l v  low number of f i s h  and 
season i s  one o f  the  l onges t  i n  t he  Un i t ed  i n v e r t e b r a t e  species i n  t h e  bay system a t  
S ta tes  ( A p r i l  through November). The anv g iven time, t ose the r  w i t h  the  h i q h  
free-swimmi ng l a r v a l  stage p e r s i s t s  f o r  dominance of a  r e 1  a t i  v e l  y  few extreme1 v 
two weeks. I n g l e  and Dawson (1Sr52) found successful  species, c o p t r i b u t e  t o  the  l ow  
t h a t  o y s t e r  growth i n  Apalachico la  Bay i s  species d i v e r s i t y  throuahout  t 6 e  e s t u a r v  
t h e  f a s t e s t  i n  the  Un i t ed  S ta tes  and i s  ( L i v i n q s t o n  l Q 7 6 b ) .  
cont inuous throughout  t h e  year  because of 
t h e  r e 1  a t i v e l y  h i gh  year-round 1 a q iven  year, peak numbers o f  
temperatures.  Successful  oys te r  f i sbes  tend t o  occur f rom February th rouqh  
development depends on an appropr ia te  9 o r i l  (F iqure  27). Th i s  s i t u a t i o n  i s  due 
s u b s t r a t e  such as oys te r  she l l s ,  which can l a r q e l y  t o  t h e  presence o f  j u v e n i l e  s o o t  
be p l a n t e d  throughout  t h e  es tua r y  as and A t l a n t i c  croaker .  S ~ e c i e s  numbers, on 
c u l t c h  t o  enhance growth. W h i t f i e l d  and t h e  o ther  hand, tend t o  ~ e a ' c  d u r i n q  
Beaurnari age (1977) es t imate  t h a t  near1 y  gctober.  Epi  ben th i c  i n v e r t e b r a t e s  r each  
40% o f  Apa lach ico la  Bay i s  s u i t a b l e  f o r  abundance peaks from Auqust th rouqh  
growing oys te rs .  The ample n u t r i e n t s  and October, l a r q e l  y  because o f  h i qh  numbers 
p r i m a r y p r o d u c t i o n o f  t h e b a y a l s o e n h a n c e  o f  oenaeid shr imo and, secondar i ly ,  b l u e  
o y s t e r  growth. crabs (F iqure  77) .  5easonal  att terns of 

i n v e r t e b r a t e  species r i c h n e s s  tend t o  
f o l l o w  those of the  f i shes .  The h i q h e s t  

Oyster -bar  assoc ja t ions  a lso  i nc l ude  numbers o f  i n v e r t e b r a t e  s ~ e c i e s  usua l  1  y 
va r i ous  organisms t h a t  p r e y  on oys te rs  occur  i n  October. The peaks of abundance 
(Menzel e t  a l .  1958, 1966). These i nc l ude  and species r i chness  of f i s t p s  and 
b o r i n g  sponges, p o l ~ c h a e t e  worms, i qver tebra tes  are c h a r a c t e r i  2nd bv month1 v 
gast ropod mol lusks (such as Thais big$ variances. 
haemastoma and Melon ena corona), and 
crustaceans (-- 7 i G G n a r i  a). 
S a l i n i t y  i s  t h e  most impor tant  l i m i t i n g  Various o r g a n i s m  aopear inq i v  t h e  
f a c t o r  f o r  oys te r  populat ions,  bu t  i t  has es tua r y  may no t  be e s t u a r i n e  dependent 
been hypothes ized t h a t  such i n f l  uence i s  throuqhout  t h e i r  1 if e h i s t o r i e s .  van v  
i n d i r e c t  i n  t h a t  low s a l i n i t y  l i m i t s  such orqanisms a re  miqrat-rv. The 
p r e d a t i o n  by exc l ud i ng  impor tant  species anadromous s o ~ c i e s  i n  t h e  Apal ach i  c o l  a  
s u c h a s T h a i s a n d M e n i p p e .  D u r i n g p e r i o d s  dra inaqe svstom i n c l u d e  t h e  A t l a r l t i c  
of high-inity, oys te r  p reda t ion  i s  s turqeon (Acipenser oxvrh_ynchus), 4labama 
enhanced and can be considerable. sbad (4 losa a1 ab%ae),anrl s t r i p e d  bass 
Experiments have shown t h a t  oys te rs  over ( ~ o r o n e - a t , i ( i e r ~ e r  1077).  The 
50 mm i n  l e n g t h  are r a r e  i n  unprotected sk i p i ack  h e r r i n q  (A losa chrysoch lo r ! ' s l  i s  
areas of h i gh  s a l i n i t y  r e l a t i v e  t o  areas another oossi  b l  e  anadromolls soec j  es.  
where o y s t e r s  are sh i e l ded  from preda t ion  Other species, such as t h e  A t l a n t i c  
by baskets  a t  s i r n i l  a r  s a l i n i t i e s  (Yenzel needlef i s 9  (S t ronqy l  ura mari ria) mav be 
e t  a l .  1966). d i  adromous. Catadrolnous r ~ e c i  es i r tc l  ude 
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Table 18. F ishes and i nve r t eb ra tes  commonly t aken  
w i t h  se ines i n  o l i g o h a l i n e  (East  Bay) and mesohal ine 
(Apa lach ico la  Bay) marshes of the Apalachico la  e s t u a r y  
( f r o m  L i v i n g s t o n  and Thompson 1975). 

Species 
S c i e n t i f i c  name Common name 

-- 
East Sa.y 
F ishes 

I c t a l  urus n a t a l i s  
M ic rop te rus  salmoi des 
Lepomis m i  c r 3 0 p h u s  
Lepomi s  punc ta tus  
P o e c i l i a  l a t i p i n n a  - 
A d i n i a  xenica -- 
Cypri  nodon v a r i  egatus 

Notemi gonus c r y s o l  eucas 
Lucania Darva 
Lucan i a goode i 
No t rop i s  sp. 
Lepi  sos teus osseus 
Cypr i  nus c a r p i o  
Anaui 11 a r o s  t r a t a  

B a i r d i e l l  a  ch r  soura 
S t e l l i f e r  lanceo -T- atus  

Eucinostomus gula 
Lu t j anus  c ~ r i s e u s  
Gobi osoma bosc i  
~ i c r o g o b i  u ~ o s u s  
Archosargus probatocephal  

I n v e r t e b r a t e s  

C a l l  i nectes sapi  dus 
Pal  aemonetes p u g i o  
Penaeus s e t i f  erus 
Penaeus aztecus 

( c o n t i  nued) 
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ye1 1 ow b u l l  head 
largemouth bass 
redear  sun f i sh  
spo t ted  s u n f i s h  
s a i l f i n  rno l ly  
diamond k i l l i f i s h  
sheeps head m i  nnow 
g u l f  k i l l i f i s h  
marsh k i l l i f i s h  
lonanose k i l l i f i s h  
g o l i e n  sh iner  
ra inwate r  k i f  l i f i s h  
b l u e f i n  k i l l i f i s h  
sh iners  
longnose gar 
common carp 
American ee l  
b lack  crappie 
i n l a n d  s i l v e r s i d e  
bay anchovy 
g u l f  menhaden 
wh i t e  mu l l e t  
s t r i p e d  m u l l e t  
A t l a n t i c  c roaker  
s i l v e r  perch 
s t a r  drum 
sand sea t rou t  
southern f 1 ounder 
hoq choker 
s i  i v e r  jenny 
g ray  snapper 
naked goby 
clown goby 
sheepshead 

b l ue  crab 
grass shrimp 
wh i t e  shrimp 
brown shrimp 



Tab1 e 18. (Concluded. ) 

Species -- 
S c i e n t i f i c  name Common name 

-- 
A ~ a l a c h i c o l a  Bay 
F ishes 

Anchoa m i t c h i l l i  

Synodus f oetens 
S t rongy l  u r a  mari na 
Lucani a  p a r v a  
fundu lus  s ~ m i l i s  
Syngnathus f l o r i d a e  
Lagodon rhomboi des 
Leiostomus xanthurus 

I nve r t eb ra tes  

C a l l  i n e c t e s  sapi dus 
Palaemonetes u i o  9- Pal aemonetes vu gar i s 
Palaemonetes intermedium 
w f  erus - - -  

Penaeus duorarum 
Penaeur aztecuz -..- - - - -  

Neopanope texana 

bay anchovy 
s t r i p e d  anchovy 
i n l a n d  s i l v e r s i d e  
s i l v e r  jenny 
inshore  l i z a r d f i s h  
A t l a n t i c  n e e d l e f i s h  
r a i nwa te r  k i l l i f i s h  
longnose k i l l i f i s h  
dusky p i p e f i s h  
p i n f i s h  
spot 
s i l v e r  perch 
spo t ted  sea t r ou t  
s t r i p e d  mu1 l e t  
p i g  f i s h  
g u l f  toad f i s h  

b lue crab 
grass shrimp 
grass shrimp 
grass shrimp 
wh i t e  shr imp 
oink shrimp 
brown shr imp 
mud crab 

t h e  American ee l  (Angui 11 a r o s t r a t a ) ,  
hoqchoker (T r i nec tes  macul at-nd 
mounta in  m u 1 ~ n o s t o m u s  moni t c o l  a). 
Va r i ous  o the r  f reshwate r  species and some 
mar i ne  forms. such as s t r i p e d  m u l l e t  
(Mu i l  cephal;s) and t h e  southern f l ounde r  
( h i c h t h y s  le thost iqma),  occur i n  t h e  
lower  r i v e r  and es tua r y  al thouqh t hey  do 
n o t  make t r u e  m ig ra t i ons .  

The es tua r i ne  dominants such as 
s c i a e n i d  f i s h e s ,  penaeid shrimp, and b l ue  
c rabs  have annual m iq ra t i ons  du r i  nq whi ch 
t h e  adul ts  spawn o f f shore ,  the l a r v a l  and 
j u v e n i l e  stages move i n t o  t he  es tua r i ne  
nursery ,  and f i n a l l y  t h e  subadul t s  r e t u r n  
t o  t h e  open q u l f  t o  spawn as adul ts .  Yost 
such spec ies a re  e i t h e r  mar ine-es tuar i  ne 
o r  es tuar ine .  Oes te r l  i nq and Evi nk (1977) 

s t ud i ed  m i g r a t o r y  h a b i t s  of b l ue  crabs 
a long t h e  G u l f  coast  o f  F l o r i d a  (F i qu re  
28). Adu l t  b lue  crabs spawn o f f sho re  and 
t h e  larvae, a f t e r  qo inq th rouqh  a s e r i e s  
o f  zoeal ( p l  a n k t ~ n i  c )  stages, vetamorphose 
i n t o  a  s i n s l e  megaloos s tase  t h a t  has bo th  
~l anktonic  and ben th i c  f e a t t ~ r e s  ( F i q u r e  
28). The meqalops e v e n t u a l l y  mo l t s  i n t o  
t h e  f i r s t  c rab  staqe, whic4 develops 
ma in l y  w i t h i n  t h e  e s t u a r i n e  n u r s e r v  
grounds. The authors found t h a t  female 
crabs move nor thward a lonq  t h e  a u l f  coas t  
o f  F lo r ida ,  some as f a r  as 500 km. Few 
males movp more than 40 o r  50 krn. Such 
mig ra t ions  appear t o  he l i n k e d  t o  spawnina 
w i t h i n  the Apa lach ico la  o f fshore area 
(from t he  Ochlockonee R i v e r  dra inaqe t o  
t h e  Apalachico la  R i ve r  d ra ivaqe) .  I-arqe 
nuvbers of eqq-heari nq f ernal es a re  



Table 19. Ep iben th ic  f i s h e s  and inver tebra tes  taken i n  o t t e r  t r a w l s  and 
trammel ne t s  a t  va r ious  s t a t i o n s  i n  the Apalachicola estuary  from 1972 
through 1982 ( L i v i n g s t o n  unpubl ished data).  Species are l i s t e d  i n  o rder  of 
numerical abundance. 

Speci es 

A. Fishes 

4nchoa m i t c h i l  li Archosargus probatocephalus 
Microgobi us gulosus Micropogonias undul  atus 

Cynoscion -- arenar i us  Bagre mar i nus 
~ l e n i d i m l i n a  Leiostomus xant hurus 

- - 
Po l ydac t y l  us octonemus 
A r i ~ i s  f p l i q  

Monacant hus c i  1 i a t  us 
Caranx h i  ppos 
Centro r i s t i s  melana 
&or i dae 

. . . - - - . . - -- 
Chl oroscombrus ch r  vsurus 

--I-L___. 
Menti  c i r r h u s  ameri canus 

hurus p l  ag i  usa - B a i r d i e  a ch rysura  
Et ropus c rosso tus  

l a t a  

D i  lectrurn formosum 
k - c x < T -  T r i  nectes macul a t u s  

P r i ono tus  t r i b u l u s  
S t e l l i f e r  l anceo la tus  

- -  - - - - -  
Sci  aenoos n a t a  
Astroscopus y-graecurn 

15. Anchoa hepsetus 
16. Po r i ch thys  poros iss imus 
17. P r i ono tus  s c i t u l u s  

Y i  ppocampus erectus 
Lepi sosteus osseus 
Lucanis p a r v a  

Eucinostomus u1 a 
Para1 i ch th  s  ?-- e t h o s t i  qma 
d e n s  
Eucinostomus argenteus 

Lut ianus a r i seus  
0 sanus b e t a  
h h t h y s  a1 b i  gu t t a  - 
0;hi d ion beani 
A u te rus  schoepf i  
Diblodus ho lb rook i  

Dasvat i  s  sab i  na 
Q i Z Z T n n e b u l o  -- s u s 
Microaobi  us t h a l  ass i  nus ..- .-  A -  - - -  
Urophycis f l o r i d a n u s  
L o d o n  ThomSoi rip?-- --= - - -  --- 
Gobi osoma bosc i  --- 
Chaetodipterus f abe r  ---- 
O r t h o p r i s t i  - s chrysop te ra  

Oai 1  b i  a cavorum 

Rhinootera bonasus 
I -  

5comberomorus macul atus -- 
Selene vornpr 

P e ~ r i l  us b u r t i  - -- 
p e b r i l u s  p a r ~  
Stephanolep is  h i  sp idus 
Sphaeroides nephel us -- -- 
w i c h t h u s  
Syngnathus yg o u i s i  anae 
S y n g n a t h E  s c o v e l l i  
Gobionel 1 us boleos6ma ----- -- 
Yarengul a p e n s a c o l ~ ~  

Sphyraena -- b o r e a l i s  
Tohvrna h i  httro - ,- . . . . - - . - - . - 
Sardi  n e l l  a  anchovia 

77. Caranx ba<tholomaei 
78. Muqi l  sp. 
79. Gymnura rnicrura -- 

B. I nve r t eb ra tes  
1. Penaeus s e t i f e r u s  -- 
2. C a l l  i nectes sapiTus 
. - -  

4. Penaeus duorarum 
5. Trachypenaeus c o n s t r i c t u s  
6. -- Chrysaora qu inquec i r rha  3. Palaemonetes pug io  - 

(cont inued)  
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Tab le  19. (Concluded. ) 

Species 

B. I n ve r t eb ra tes  (con t inued)  

Acetes arneri canus 
Pagurus p o l l  i c a r i s  
Rangi a  cuneata 
Men i ppe mer cenar i  a  
Xiphopeneus k r o y e r i  
Alpheus he te rochae l i s  
La t r eu tes  parvu lus 
Pal  aernonetes in te rmed i  us 
Metoporhaphis c a l c a r a t a  
Crassost rea v i r g i n i c a  
Pa l  aemon f 1 o r  i danus 
P e r i  c l imenes l o n  i cauda t  
Ogyr i  des 1 im i  -I-- co a 
Trachypenaeus s im i  1 i s  
Rusycon c o n t r a r i  um 
Branchiosychis  americana 

concen t ra ted  i n  t h i s  area i n  w in te r .  The 
authors  hvpothes ized t h a t  l a r v a l  d i spersa l  
f rom t he  Apa lach i co l a  area takes p lace 
a1 ong c l  ockwi se (Looo) cu r ren t s  t h a t  
e v e n t u a l l v  wash o n t o  the F l o r i d a  She l f  
(F i qu re  28). Toea l a r vae  then d isperse 
a lonq  t h e  coast, w i t h  the  meqaloos staae 
s e t t l  i n s  i n t o  the  coas ta l  es tuar ies .  
L i v i n g s t o n  e t  al .  (1977) used daytime 
t r a w l i n q  t o  e s t i v a t e  w in te r  populat ions of 
j u v e n i l e  h lue  crabs i n  t he  Apa lach ico la  
e s t u a r y  of approximatel  v  30,000,900 
i n d i v i d u a l s .  M i q r a t i  on o f  saawni ng 
females aopears t o  c o i ~ c i d e  w i t h  f l ood inq  
o f  the  n o r t h  F l o r i d a  drainaae system, 
which makes a a r t i  c u l  a te  orqani  c  mat te r  
a v a i l a b l e  as food  t o  t h e  younq crabs 
( Lauqh l i n  1474). Thus, t 9e  m i q r a t i o n  o f  

Brachiodontes exustus 
Hexapanopeus anqus t i f  r o s  
L u i d i a  c1  a r 6 r a t a  
Perse hona rnedi ter ranea 

i banar ius v i t t a t u s  + 
L i  b i  n i  a  dubi a  
P e r i F f i m E a m e r  i canus 
Ambi dex te r  symmetricus 
Bus vcon s ~ i  r a t  um -- 
Procabarus aen1 nsul  anus 
Eupleura su f----- CI den ta ta  
Yemi ho l  us e longa ta  
&rm an n i 

Dinocard i  um robusturn 
Cantharus cancel  1 a r i  a  
Urosal i n x  o e r r u  a t a  
&u&s 
Pagurus 1 ongi carpus 

b l ue  crabs a lonq t h e  q u l f  coast  cou ld  be 
t i e d  t o  both t h e  reproduc t i ve  
c h a r a c t e r i s t i c s  o f  the  spec ies and the 
t r o p h i  c  orqani  zat  i on o f  the  Apal ach i  cola 
estuary .  

L i f e - h i s t o r y  f ea tu res  o f  t he  dominant 
ep i ben th i c  species i n  t h e  Apal ach ico la  
es tua r y  have t h e  same pa t t e rns  as 
elsewhere i n  the no r t he rn  G u l f  o f  Yexico 
(Table 17) .  Spawni nq and recru i tment  
gene ra l l y  va r y  f rom soec ies t o  species 
according t o  d i f f e r e n t  combiqat ions of 
seasonal phys i ca l  fac to rs .  The bay 
anchovy i s  the  most abundant f i s h  and i s  
one of the few f i s h  spec ies t h a t  does not 
show requ l  ar seasonal r e c r u i  tlnent 
progressions. Trr con t ras t ,  t he  At1 an t i c  



anv a iven t ime  fLauqh l in  1Q7Q; L i v i n q s t o n  
unbubl.). The ' b r i e f  squid (Lo1 l i g u n c u l  a  
h rev i s ) .  i s  1  i m i t e d  i n  s ~ a t i a l / t e m ~ o r a l  

' f f r s t  c r a b '  

F i g u r e  28. L i f e  c y c l e  o f  t h e  b lue  crab 
a l ong  t he  g u l f  coas t  o f  F l o r i d a .  
Ovigerous females move toward t he  
Apa l  ach i  co l a  estuary .  I t  i s  hypothes ized 
t h a t  deve lop ing  stages move back down t he  
g u l f  coast  o f  F l o r i d a  w i t h  of fshore 
c u r r e n t s  ( a f t e r  Oes te r l  i n g  and Ev ink 
1977). 

c roaker  spawn near passes d u r i n g  f a 1  1  and 
e a r l y  w in te r ;  t he  i u v e n i l e s  occupv t he  
e s t u a r y  i n  peak numbers d u r i n g  l a t e  w i n t e r  
and e a r l y  s p r i n q  when s a l i n i t i e s  are 
u s u a l l y  l e ss  than 10-15 pp t .  Spot a lso  
spawn near passes, and peaks o f  abundance 
i n  t he  es tua r v  g e n e r a l l y  c o i n c i d e  w i t ?  
t hose  o f  t he  A t l a n t i c  croaker .  rand 
s e a t r o u t  are usual  l y  most abundant d u r i  nq 
summer months a f t e r  spawni nq o f f sho re  
d u r i n q  t h e  sp r inq .  T h i s  spec ies i s  taken 
a t  va r ious  s a l i n i t i e s ,  bu t  temperature 
appears t o  be l i m i t i n q ;  h i q h  catches are 
q e n e r a l l y  taken i n  200-350-C water. 

White shr imp a r e  dominant f rom August 
t o  November, w i t h  s p r i n g  spawninq and 
rec ru i tmen t .  Other penaei ds u s u a l l y  reach 
peak numbers du r i nq  l a t e  s p r i q q  (brown 
shrimp: Penaeus aztecus)  o r '  l a t e  summer 
( p i n k  shrimp: - P. duorarum). The b lue  
c r a b  shows a  bimodal annual peak of 
rec ru i tment ;  qumbers peak d u r i  qq w i q t e r  
and summer per iods.  Depth aw i  s p e c i f i c  
m i  c r o h a h i t a t  cond i t i ons  a re  t h e  p r i n c i p a l  
determinants  of b l ue  c rab  d i s t r i b u t i o n  at  

i i i t r i b h t i o n  by s a l i n i t y  (70-70 p p t )  and 
o the r  hahi t a t  c h a r a c t e r i s t i c s  and complex 
t r o p h i c  r e l a t i o n s h i  0s (Laugh1 i n and 
L i  v i  ngston 1982). I n  summary, these 
spec ies -spec i f  i c  responses t o  mu1 tif ac to r  
complexes demonstrate t he  d i f  f i c u l  t v  of 
t r v i n q  t o  des ign l i n e a r  models t o  e x p l a i n  
and u r e d i c t  s p a t i  a l / tempora l  pa t t e rns  of 
occurrence. 

The s p a t i a l  d i s t r i b u t i o n s  o f  nek ton i c  
f i s h e s  and i nve r t eb ra tes  i n  t h e  
Apal ach i co l  a  es tua r y  (Table 20) t end  t o  be 
assoc ia ted  w i t h  freshwater r u n o f f  i n t o  t h e  
system. R e l a t i v e  dominance a t  a  q iven  
s t a t i o n  v a r i e d  accord ing t o  s a l i n i t y  
g rad i en t s  and h a b i t a t  type. Seqular 
seasonal chanqes i n  d i s t r i b u t i o n s  are 
ev iden t  f o r  most o f  the  dominant nek ton ic  
species. For  example, anchovies are 
r e l a t i v e 1  y  un i form1 v  d i s t r i b u t e d  w i t h i n  
the es t u a r v  dur  i nq January and February 
(F igure  29) .  9v t he  spr ing, anchovies a re  
concen t ra ted  i n  upper po r t i ons  of East  
Ray. n u r i n q  t h e  e a r l y  summer, the re  are 
minor  p o p u l a t i o n  peaks w i t h  o r imary  
concen t ra t i ons  i n  eastern po r t i ons  of East  
Say. Sv t h e  f a l l ,  the  anchovies 
concen t ra te  around t he  mouth o f  t h ~  
Apa lach i co l a  R i ve r  as w e l l  as i n  po r t i ons  
o f  East Say, and du r i nq  e a r l v  winter ,  t h e  
anchovies become uniform1 y  d i s t r i b u t e d  
throuqhout  Eas t  Bav and Apal ach i co l  a  Ray. 

I n  January, A t l a n t i c  croaker tend t o  
conqreqate a t  t he  mouth o f  t h e  
Apa lach i co l a  R i ve r  and upper uo r t i oqs  of 
East  3ay (F i gu re  30). (3v Februarv, t h i s  
d i s t r i b u t i  on i s  more uni form throuqhout  
East  9av and no r t he rn  Apal ach ico l  a  Rav, a  
s i t u a t i o n  t h a t  appears t o  h o l d  du r i nq  
ensuing w i n t e r  and sp r i ng  months u n t i l ,  
by May o r  June, the croakers rnove ou t  of 
t h e  bay. 

The s p a t i  a1 d i s t r i h u t  i on of sand 
s e a t r o u t  th rough  a  q iven  seasonal c yc l e  i s  
q u i t e  r e g u l a r  ( i i q u r e  31) .  4s t be  vounq 
sea t r ou t  move i n t o  t he  5av svstem i n  Yay, 
t h e y  concen t ra te  i n  upper ~ o r t i o n s  of East  
9ay and j u s t  o f f  the  mouth of the 
Apal achi c o l  a  R ive r .  Secondary concenfra- 
t i o n s  are found throuqhout East 9av and 
no r t he rn  p o r t i o n s  o f  h a 1  ach i co l a  Sav. 
The d i s t r i b u t i o n  chanqes l i t t l e  i n  June, 



Table 20. Epibenthic fishes and invertebrates taken in o t te r  trawls a t  permanent 
stations in the Apalachicola estuary f rom June 1Q77 to Mav 1077. Stations have been 
ordered by cluster analysis accordinq to relative abundanc~  of fisqes and 
invertebrates. Data are given concerning numbers/sarnple, dry w e i g h t  biomass/sample, 
percent dominance (by numbers), and Margal e f  richness. Doninant species are  a1 so 
enumerated b v  stat ion.  

S t a t i o n  ------- 

OUTER BAY I 
UPPER 
( E A S T )  

hlurnber Sioaass per % Dorni n- 
per sample (Q, ance (by 

sam~le  dry weiqht) n u r n b e u  -- 
A. F I S H E S  

43 .4  4 5 . 2  39 

Yargalef 
Dominant s p e c i e s  r i  chness ---- - - -- - -- -- 

M I  CQOPOGON I A S  UNDULATUS 3 . 7 7  
4NCHOA M I T C H I L L I  

ANCHOR Y I T C H I L L I  3.43 
MICROPOGOYIAS I INDULATUS 
LEIOSTOMUS XANTHURUS 

L E  IOSTOMUS XANTHURUS 3.54 

MICROPOGONIAS IJNDULATUC 3 . 4 8  
ANCHOA M I T C H I L L I  

LAGODON RHOMROIDES 3.55 
B A I R D I E L L A  CHRYSURA 
O R T H O P R I S T I S  CH'IYCOPTERA 

ANCYOA M I T C H I L L T  2.88 
M I  CROPOGOUIAS UNDULATUS 

ANCHOA M I T C H I L L I  3.83 
L E  I S T O M U S  XANTHURUS 

ANCHOA M I T C H I L L I  3 . 1 4  
MICROPOGONI A S  UNDULATUS 
BREVOORTIA PATQONIJS 

LEIOSTOMUS XANTHURUS 3 . 3 0  

ANCHOA M I T C H I L L T  3.90 
MICROPOGONI A S  UNDULATUS 
L E  IOSTOMUS XANTHURUS 3 . 0 1  

ANCYOA M I T C H I L L I  
L E  IOSTOMVS X4NTHURUS 
VICROPOGONIAS UNDULATUS 

ANCHOA Y I T C H I L L I  2.99 
LE IOSTOMUS XANTYURUS 

L E  IDSTOMUS XANTHURUS 3 . 0 s  

ANCHOA M I T C H I L L I  3.98 
L E  IOSTOMIJS XAFITHlJRUS 
MICROPOGONIAS UNDULATUS 
BREVOORTIA PATRONUS 



Tab le  20. (Cont inued. ) 

Number aiomass per % Domi n- 
per sample (q, ance (by Mar gal e f  

S t a t i o n  sample d r y  we iqh t  ) numbers) Dominant spec ies  r i c h n e s s  

A. FISHES ( c o n t i n u e d )  

SIKE'S CUT--1B 20.6 129.3 36 ANCHOA MITCHILLI 4.92 
CYNOSCION ARENARIUS 
ETROPUS CROSSOTUS 

5. INVERTEBRATES 

r 7.0 7.2 4 7 CALLINECTES SAP IDUS 2.58 
PENAEUS SETIFERUS 

t lA 

5.5 5.3 38 PENAEUS SETIFERUS 1.86 
CALLI NECTES SAPIDUS 
LOLLIGUNCULA BREVIS 
TRACHYPENAEUS CONSTRI CTUS 

OUTER BAY t 1E 10.1 11.9 48 CALLINECTES SAPIDUS 1.81 
PENAEUS AZTECUS 

t lC 6.4 9.5 2 7 PENAEUS DUORARUM 2.82 
LOLLIGUNCULA BREVIS 
CALLI NECTES SAP I DUS 

L 1~ 16.3 8.8 57 ACETES AMERICANUS 1.56 
CALLINECTES SAP IDUS 
PENAEUS DUORARUM 

r 2  38.5 28.0 70 PENAEUS SETIFERUS 1.68 

RIVER t3 12.2 6.2 49 CALLINECTES SAPIDUS 1.43 
DOMINATED PENAEUS SETIFERUS 

L 4 14.7 16.8 52 PENAEUS SETIFERUS 1.38 
CALLINECTES SAPIDUS 

( c o n t i  nued) 

6 7 



Table 20. (Concluded. ) 

Number Biomass per % Domin- 
per  sample (g, ance (by Marqal e f  

S ta t i on  sample d r y  weight) numbers) Dominant species r ichness 

B. INVERTEBRATES (continued) 

16.0 67 PENAEUS SETIFERUS 1.24 
PALAEMONETES PUGIO 

9.9 5 7 PENAEUS SETIFERUS 1.45 
CALLINECTES SAPIDUS 

3.9 6 5 PENAEUS SETIFERUS 1.18 
CALLINECTES SAPIDUS 

5.1 5 3 CALLINECTES SAPIDUS 1.39 
PENAEUS SETIFERUS 

5.2 54 CALLINECTES SAP IDUS 1-11 
PENAEUS SETIFERUS 

I-6 45.8 11.1 50 PALAEMONETES PUG10 1.17 
PENAEUS SETIFERUS 

SIKE'S CUT-1B 10.0 8.4 41 LOLLIGUNCULA BREVIS 3.28 
CALLINECTES SAPIDUS 
PORTUNUS GIBBESI 
ACETES AMERICANUS 

hut  i n  July, t he  h ighest  concentrat ions of 
the sand seat rou t  are found a t  the mouth 
o f  the Apalachicola River. D i s t r i b u t i o n  
usual 1 y remains re1  a t i  ve l y  unchanged 
dur ing August and September. The 
remaining f i s h ,  dwindl ing i n  numbers 
dur ing the f a l l  months, spread out  
throughout East f3a.y and northern 
Apalachicola Bay. By w in ter  o r  e a r l y  
spring, as noted above, no sand seatrout  
are taken. 

Spot have a d i f f e r e n t  pa t te rn  o f  
d i s t r i b u t i o n  (Figure 32). As they move 
i n t o  the estuary i n  Jaunary, spot tend t o  
congregate i n  upper East Bay and around 
Nick 's  Hole drainage o f f  S t .  Qorge 
I s1  and. This d i  s t r i  bu t i on  broadens 
throughout eastern por t ions  o f  East Bay 
and Apalachicola Bay dur inq February and 
March. Concentrations o f  spot appear i n  
areas o f  the bay t h a t  receive freshwater 

r u n o f f  from upland areas. East Say i s  a 
p a r t i c u l a r l y  important nursery area fo r  
t h i s  species. Sy summer, remnants of the 
populat ion are found o f f  S t .  Georae 
Is land.  

The s p a t i a l  d i s t r i b u t i o n  o f  
pos t l a rva l  penaeid shrimp i n  the 
Apaf achicola estuary i 1 l u s t r a t e s  the 
summer and fa1  1 dominance of these soecies 
(Fiqure 7 3 ) .  gur inq  e a r l y  summer, they 
are concentrated i n  East Bay. However, 
dur ing  Ju l y  and August, high numbers o f  
penaeids are located a t  the mouth of the 
Apalachicola River. By f a ?  1, a1 tbough 
s t i l l  concentrated i n  East Ray, t hey  tend 
t o  be more evenly d i s t r i b u t e d  throuqhout 
t he  estuary as they move i n t o  the  open 
gu l f  t o  spawn. Few shrimp are taken 
dur ing  the winter  months. 4s w i t h  o ther  
dominant (and commerci a1 1 y impor tan t )  
species i n  the bay, the penaeids apoear t o  



Indi\iduals per Twu-Minute TrmI Tun h? Munth 

0.0 - 5.0 20.0 - 50.0 

Anchovies 5.0 - so.o so.O - 90.0 
10.0 - 20.0 1 90.0 - m . 0  

Figure  29. Average monthly d i s t r i b u t i o n  o f  anchovies (Anchoa mi  t c h i l l  i i n  the 
Apalachicola es tuary  from 1972 t o  1979. 



Indiriduals per Tw.0-Minute Trawl To* b? Month 

Atlantic O.O - . CI mo - 30.0 

0 5.0 - 10.0 

Croaker 
30.0 - 50.0 

@ 10.0 - 20.0 11 50.0 - 90.0 

F igu re  30. Average monthly d i s t r i b u t i o n  of A t l a n t i c  croaker (Micropogonias 
undulatus) f rom 1972 t o  1979. 



Sand 
Indi\idunis per lno-\tinute Trawl Iow tp $fan$h 

0.0 - 2.0 10.0 - 15.0 

2.0 - 5.0 Seatrout 15.0 - 25.0 

S.0 - 10.0 111 25.0 - 30.0 

F igu re  31. Average month ly  d i s t r i b u t i o n  of sand s e a t r o u t  (Cynoscion a renar ius )  
i n  t h e  Apa lach ico la  es tua r y  from 1972 t o  1979. 



Indi\iduals per Two-Zlinute Trmf TOR b> Month 

spot 
F igu re  32. Average monthly d i s t r i b u t i o n  o f  spo t  (Leiostomus xanthurus)  i n  t he  
Apalachico la  es tua r y  from 1972 t o  1979. 



Indi.iduals per Two-Mirwte T m i  Tow b? Month 

White Shrimp 
,lo 2.0 - - *.,, 5.0 P*17 Lo.O lo.o - - LO.o 30.0 

5.0 - 10.0 11 30.0 - 70.0 

Figure 33.  Average monthly d i s t r i b u t i o n  of penaeid shrimp (Penaeus spp.) i n  
t h e  Apalachicola e s tua ry  from 1972 t o  1979.  



Individuals per Two-Minute rrawl l i ~ n  b) Month 

Blue Crabs 
0.0 - 1." 4," - 6.0 

I . 0 Z . 0  6.0 - 9.0 

!=J 2.0 - 4.0 9.0 13.0 

Figure 34. Average monthly d i s t r i b u t i o n  o f  blue  crabs (Cal l i n e c t e s  sapidus) 
i n  the Apalachicola estuary from 1972 t o  1979. 



be a t t r a c t e d  t o  t he  upper freshwater 
p o r t i o n s  i n  t he  estuary .  

Al thouqh t he  major  peaks i n  numbers 
o f  , j u ven i l e  b lue  crabs occur du r i ng  the 
w in te r ,  secondary increases are o f t e n  
noted d u r i n g  t he  summer and f a l l  (F iqure  
34). As the  yorrnq b l ue  crabs en te r  the 
Aoalachico l  a  es tua r y  d u r i n g  t he  w in te r  
months, t hey  concen t ra te  i n  East  7a.y and 
o f f  the  Wick 's  Hole drainage (St .  George 
I s l and ) .  Dur inq  May and June, ~ e a k s  i n  
t h e  number o f  b l ue  crabs occur i n  these 
areas. By t h e  summer and f a l l  months, the 
b lue  crabs are concentrated i n  East Yay. 
Slue crabs appear t o  be a t t r a c t e d  t o  areas 

t h a t  rece ive  over1 and r u n o f f  a1 thouqh t hey  
a re  not  a t t r a c t e d  by d i r e c t  r i v e r  flow. 

Whi le the re  i s  a  qeneral pa t t e rn  o f  
concentrat ion o f  the dominant epi  benth i  c  
f i s h e s  and inver tebra tes  i n  areas t h a t  
rece ive  d i r e c t  i npu t  o f  f reshwater r uno f f  
f rom upland areas, i t  i s  s i m p l i s t i c  t o  
assume t h a t  runo f f  pe r  se i s  the prirnary 
f a c t o r  t h a t  i n f luences  the temporal and 
s ~ a t i a l  a s ~ e c t s  o f  the  d i s t r i b u t i o n  o f  
such organisms i n  the estuary. There are, 
i n  fac t ,  a  complex of spec ies-spec i f ic  
1 im i  ti ng f a c t o r s  t ha t  are associ ated w i t h  
t h e  t r o p h i c  o rgan iza t ion  of the bay 
system. 



CHAPTER 5 
NICHE DIVERSITY, TROPHIC INTERACTIONS, AND COMMUNITY STRUCTURE 

5.1. HABITAT-SPECIFIC ASSOCIATIONS 

The Apalachico la  estuary,  as an 
ecosystem, can be def ined as a se r i es  o f  
hahi  t a t s  w i t h  associated assemblages o f  
organisms. Such assemblages ( o r  cornmuni - 
t i e s )  l i v e  i n  the same general  hab i t a t ,  
compete f o r  space and food, and are p a r t  
o f  the h i g h l y  complex t r o p h i c  s t r u c t u r e  o f  
t he  r i ve r - bay  system. The dimensions o f  a  
qiven community are d i f f i c u l t  t o  de f ine  
p r e c i s e l y  because t he  component 
populat ions vary  cons iderably  i n t h e i r  
d i s t r i b u t i o n  and community f u n c t i o n  i n  
space and time. However, se lec ted  f ac to r s  
can be used t o  charac te r i ze  t h e  var ious 
es tua r i ne  assemblages. Sources o f  pr imary 
p r o d u c t i v i t y ,  h a b i t a t  features,  the 
phys i ca l  and chemical environment 
( i n c l u d i n g  p o l l u t a n t s ) ,  modes o f  
rep roduc t ion  and recru i tment ,  feeding 
i nte rac t ions ,  predator -prey re1  at ions,  and 
compet i t i on  are some o f  t he  f ea tu res  t h a t  
shape t h e  es tua r i ne  communities. 

The d i s t r i b u t i o n  of most of the 
es tua r i ne  assembl ages may be p a r t i t i o n e d  
i n t o  t he  f o l l ow ing  hab i ta ts :  marshes, 
seaqrass beds, l i t t e r  assoc ia t ions,  oys te r  
bars, and sub t i da l  unvegetated ( s o f t -  
sediment) areas. Many o f  the long-term 
b i o l o q i c a l  s tud ies  i n  t he  Apalachico la  
es tuary  have concentrated on t h e  macro- 
i n ve r t eb ra tes  (benth ic ,  ep i ben th i c )  and 
f ishes t h a t  are found i n  these areas. 

5.1.1, Marshes 

The marshes, which inc lude  complex 
pa t t e rns  o f  t i d a l  channels and smal l  
creeks, prov ide food and h a b i t a t  f o r  a  
number o f  organisms i n  the  Apalachico la  
es tuary  (Tab1 e 18). Marsh complexes 
inc lude  insects ,  mollusks, crustaceans, 
f ishes. b i rds ,  and mammals. Topmi nnows o f  

var ious species are dominant i n  such 
areas. Many species t h a t  are impor tant  t o  
the  spor ts  and commercial f i s h e r i e s  o f  t he  
r eg i on  spend a t  l e a s t  p a r t  o f  t h e i r  l i f e  
h i s t o r i e s  i n  t h e  es tua r i ne  marshes. Such 
species i nc l ude  b l ue  crabs, penaeid 
shrimp, 1  arge-mouth bass, 1  epomids, 
s t r i p e d  mu1 l e t ,  spo t ted  and sand seat rout ,  
and anchovies. Few species spend t h e i r  
e n t i r e  1  i v e s  w i t h i n  t h e  marshes, however, 
and t he  marsh h a b i t a t  i s  best 
charac te r i zed  as a nursery  f o r  m ig ra to r y  
species du r i ng  summer and f a 1  1 months. 

5.1.2. Seagrass Beds 

The d i s t r i b u t i o n  o f  grassbeds i n  t h e  
Apalachico la  es tua r y  (F i gu re  19) i s  t he  
r e s u l t  o f  a  number o f  environmental  
c o n t r o l l i n g  fac to rs .  Even though i t  i s  
l i m i t e d  t o  on l y  about 10% o f  the aquat ic  
area by t he  h i gh  t u r b i d i t y  and 
sedimentat ion assoc ia ted  w i t h  t he  r i ve r ,  
t h i s  h a b i t a t ' s  a r o d u c t i v i t v  i s  hiah. 
Grassbed p roduc t i  J i  ty i s  a1 so l i m i t e d  dby 
water temperature, s a l i n i t y ,  and t h e  
a c t i v i t y  of c e r t a i n  inver tebra tes .  
However, grassbeds a l s o  have an e f f e c t  on 
c e r t a i n  water qua1 i t y  i nd i ces .  Various 
s tud ies  i n  East Bay ( L i v i ngs ton  1978; 
Pu rce l l  1977) i n d i c a t e  t h a t  water q u a l i t y  
f a c t o r s  such as d i s so l ved  oxygen and pH 
are h igher  i n  t he  grassbeds than i n  
associated rnudf 1 ats .  

The 01 igoha l  i n e  grassbeds o f  East Bay 
are dominated by tapeweed (Val i s n e r i  a  
arnericana), a  f reshwate r  species. Other 
species found i n  con junc t i on  w i t h  tapeweed 
are Potamo eton p u s i l  l us ,  Ruppia mar i t ima  
( l o c d a n t  i n  western ba.yous o f  
East Bay), Cladophora sp., and ~ a l o p h i l a  
engelmanni. I n  r ecen t  years, some pa r t s  
o f  East Bay are be ing  taken over by t he  
Eurasian watermi l f o i  1  (Myr iophy l l  urn 



spicatum). Dur ing  t h e  p e r i o d  1980-1981, 
t h i s  i n t r oduced  spec ies became dominant i n  
Round Bay, one o f  t he  eas te rn  bayous. By 
1982-1983, the  M y r i o p h y l l  urn had become 
r o o t e d  throughout  t h e  upper East Bay area 
( L i v i n g s t o n  unpubl.). I t  i s  unc lear  how 
spread o f  Euras ian w a t e r m i l f o i l  w i l l  
a f f e c t  t he  d i s t r i b u t i o n  o f  p l a n t s  and 
animals i n  t h e  East  Bay seagrass beds. 

Cur ren t l y ,  t h e  01 i g o h a l  i n e  seagrass 
beds serve as a nu r se r y  f o r  ben th i c  
species such as t h e  s n a i l  N e r i t i n a  
r e c l  i vata  ( a  major  dominant- 
ep i ben th i c  spec ies (Udostomla sp., 
Gammarus macromucronatus and Ta hrom s i s  
bowmani). l n f  aunal assernb* 
w e d  by po lychaetes (Loandal i a  
ameri cana, Medi omas t u s  ambisetaf, 
amphi pods (c rand i  d i e r e l l  a bonni e r o i  des) 

arvae (Dicrontendipes 
nated by 

and c h i r o n o m  .- 
sp.). F i s h  popu la t i ons  are domi 
r a i nwa te r  k i l l i f i s h  (Lucania ~ a r v a ) .  
p i p e f  i s h  (Syngnathus 
s i l v e r s i d e s  (Menidi 
[Microgobi us 
Many spec ies 

- . -  
scove l l  i ) , 

i a r y l  1 i n a m e s  g-), and cen t ra rch ids .  
u t ~  1 i ze these areas (Duncan 

1977; L i v i n g s t o n  and Duncan 1979; P u r c e l l  
1977). Of t he  28 dominant ben th i c  species 
o f  f i s h e s  t h a t  comprised over  98% o f  t h e  
abundance i n  t h e  area, most consumed 
d e t r i t u s ,  smal l  mol lusks, crustaceans, 
epiphytes, and i n s e c t  la rvae .  Most o f  t h e  
penaeid shrimp, i n s e c t  larvae,  and f i s h e s  
t h a t  are found here  a re  seasona l l y  
abundant a t  e a r l y  stages o f  t h e i r  
r ep roduc t i  ve cycles, which i nd i  cates t h e  
use o f  these areas as p r ima ry  nursery  
grounds. Peaks o f  abundance are staggered 
throughout  t he  year .  

The predominant macrophyte species i n  
mesohal ine o r  h i g h e r - s a l i n i t y  areas o f f  
S t .  George I s l a n d  i n  Apa lach ico la  Bay i s  
Halodule w r i g h t i  i (Sher idan and L i v i n g s t o n  
1983). I n f auna l  macroi  nver tebrates,  
domi nated b y  Har a r i  a rapax, Heteromastus 
f i l  i f o r m i s ,  Am + e ~ s c a  vadorum and var ious  
o l igochaetes,  reach peaks o f  abundance 
d u r i  ns e a r l  Y s p r i  nu. Predominant f i s h e s  " .  
i n c l u i e  s i l v e r  - perch ( B a i r d i e l l a  
chrysoura) ,  p i g f i s h  (Ortho r i s t i s  
chrysoptera) ,  p i n f  i s h  (Lagodon rhomboides 
and spo t ted  sea t r ou t  

-----e7 
(Cynosci on 

nebulosus).  These spec ies are abundant 
f rom May throuuh September. B lue crabs 
( c a l l  i nec tes  s a  i dus )  p i n k  shrimp 
(Penaeus duorarurn '+af;d grass shrimp 

(Pal  aemonetes vu l  g a r i s )  a re  t he  dominant 
i nver tebrates . The i r  dens i t i es  are 
bimodal, peaking i n  t h e  w in te r  and summer 
months. These areas a re  a l s o  
charac te r i zed  by t h e  year-round presence 
o f  l a r v a l  and j u v e n i l e  nekton. 

5.1.3. L i t t e r  Associat ions 

Leaf  1 i t t e r  assoc ia t ions are 
dominated by omnivores and d e t r i  ti vores. 
The f r a c t i o n  o f  p a r t i c u l a t e  organic  mat ter  
(POM) l a r g e  enough t o  be i d e n t i f i e d  as 
l i t t e r  i s  pooulated w i t h  a a s t r o ~ o d  
mol lusks ( ~ e r i t i n a  r e c l i v a t a ) ,  &nphipods 
(Gammarus mucronatus, e l  i a spp., 
Grandi d i e r e l l  a bonniero i  des , Coyophi um 
f ouisianum, Gitano s i s  sp.), lsopods 
. r r e y &  and decapods 
(Pal aemonetes 
s e t i f  erus, Cal 

Species r ichness o f  the l i t t e r -  
assoc ia ted fauna i n  upper East Bay 
( s t a t i o n  5A), the r i v e r  mouth ( s t a t i o n  3),  
and t h e  shoal grassbeds o f f  S t .  George 
I s l a n d  ( s t a t i o n  1X) peaks dur inq  Auqust 
and September (F igure  35) .  Such peaks are 
s t r o n g l y  associated w i t h  s a l i n i t y  l e v e l s  
a t  the  respec t i ve  s tudy  s i t e s  (F igure 36). 
Dominant species va r y  f rom l oca t i on  t o  
l o ca t i on .  The l e v e l  and t im ing  of peaks 
o f  abundance a1 so vary  s p a t i  a1 1 y (F igure 
35). Upper East Ray, which i s  ou ts ide  o f  
t he  d i r e c t  i n f l uence  o f  t he  Apalachico la  
River,  appears t o  be the l e a s t  product ive 
p a r t  o f  the es tuary  i n  terms o f  l i t t e r -  
associated macroinvertebrates. Areas r i c h  
i n  d e t r i t u s ,  such as s t a t i o n  3, are most 
h i g h l y  populated du r i ng  March and 
September, per iods when the r i v e r  i s  
f l o o d i n g  or  macrophytes are dying off. 
The h ighes t  numbers o f  1 i t te r - assoc i  ated 
macroinvertebrates occur i n  t h e  Halodule 
beds o f f  S t .  George I s l a n d  f rom A p r i l  t o  
June, a per iod  o f  h i gh  macrophyte 
p r o d u c t i v i t y .  These data i nd i ca te  t h a t  
wh i l e  species r ichness may be s t r ong l y  
in f luenced  by sa l  i n i  ty, the  numerical 
abundance o f  the l i t t e r  assoc ia t ions i s  
more s t r o n g l y  a l igned  w i t h  t he  
a v a i l  ab i  1 i t y  o f  d e t r i t u s .  

Whi le  phys ica l  f a c t o r s  such as 
s a l i n i t y  and temperature are important 
determinants o f  t he  d i s t r i b u t i o n  o f  
1 i t t e r - assoc i a t ed  organisms i n  t he  
estuary, recent  experiments by F l o r i d a  
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F iqure  35. Numerical abundance and 
< ~ > ~ c i e s  r ichness o f  i nver tebra tes  taken i n  
l ea f  -1 i t t e r  baskets a t  var ious permanent 
sampling s i t e s  i n  t he  Apaf ach ico la  
estuary,  monthly from January, 1976, 
throuqh December, 1976. A f t e r  L i v i ngs ton  
(1978) and L i v i nqs ton  e t  al .  (1977). 

Ytate \In i v e r s i  t y  researchers i nd i ca te  t h a t  
b i o l o q i c a l  assoc ia t ions are a l so  
impor tant .  Macro inver tehrates appear t o  
u t i l i z e  the d e t r i t u s  as she l t e r  and a  
source of food (White i n  press) .  I n  a  
se r i es  of experiment5 with the l e a f  l i t t e r  
community, White e t  a l .  (1979a) found 
t h a t ,  whereas the biomass (as measured 
bv l i p i d  phosphate and 
p o l  y -beta-hydroxybutvra te) ,  n u t r i t i o n a l  
h i c t o r v ,  and r e s p i r a t o r y  a c t i v i t y  o f  
microbes are co r re l a t ed  w i t h  subs t ra te  
t ypp, t h e  macrofaunal populat ions are more 
o f ten  asroc i  ated w i t h  s p e c i f i c  water 
qua1 i t y  features such as s a l i n i t y .  
Numbers, biomasr , and species r ichness of 
de t r i tus -assoc ia ted  m i  c ro f  auna are 
assoc ia ted w i t h  the  mass and community 
s t r u c t u r e  of the macrofaunal food web. 
These macroinvertebrates apparent ly  seek 
ou t  m i c rob i a l  populat ions r i c h  i n  

Station 5 A  ( o l igohol~ne ) 
m Station 3 ( oligoholtne ) 
o Station 1 X  ( mesohol~ne ) 

0 

G 

SALINITY 
Figure 36. Reqression o f  numbers of 
species o f  1  i t t e r - a s s o c i  a ted  
macro inver tebrates on s a l i n i t y  a t  t h ree  
s t a t i ons  i n  t h e  Apa lach ico la  estuary .  
Samples were taken over a  12-month pe r i od  
i n  o l i qoha l i ne  ( s t a t i o n s  5A, 3) and 
mesohaline ( s t a t i o n  1 X )  areas. 

anaerobic o r  microaerophi  1 i c b a c t e r i  a. 
The data suggest t h a t  d i s t i n c t  popu la t ions  
may choose d i f f e r e n t  microbes. The 
component energy 1 i nkages are p o o r l y  
understood, however. L i t t l e  i s  known 
concerning the protozoan components of 
l i t t e r  assoc ia t ions,  a1 though p r e l i m i n a r y  
analyses i n  East Bay i n d i c a t e  t h a t  
c i  1  i ates c o n s t i t u t e  t h e  dominant protozoan 
inhab i tan ts  o f  the  1  i t t e r  assemblages (D. 
Cairns, pers. comm.). 

I n  summary, phvs i  ca l /chemica l  
features such as temperature and sa1 i n i t y  
in f luence  t h e  spa t ia l - tempora l  
d i s t r i b u t i o n  of 1  i t t e r - a s s o c i  a ted  
macroi nver tebrates i n  t he  estuary .  Such 
d i s t r i b u t i o n  i s  a l s o  determined b y  
p r o d u c t i v i t y  t rends  and t h e  b iochemica l  
fea tu res  o f  t he  m i c r o b i a l  communities. 
The d e t r i t i v o r o u s  macro inver tebra tes  serve 
as a  l i n k  between the  m i c r o b i a l  producers 
and important es tua r i ne  f i s h e s  and 
inver tebra tes  t h a t  feed  on these species 
(Laughl in  1979; L i v i ngs ton  e t  a l .  1977; 
Sheridan 1978, 1979; Sher idan and 
L i v i ngs ton  1979). 



5.1.4. Oyster Bars 5.1.5. Subtidal (Soft-Sediment) 
Communities 

Oyster bars represent a re la t ively  
significant habitat  in the estuary (Table 
1). The main concentrations of oysters 
(Crassostrea vi rgi  ni ca) (Figure 20) l i e  in 
S t .  Vincent Sound and western portions of 
St. George Sound. Oyster dis t r ibut ion i s  
dependent upon substrate,  temperature, 
sa l in i ty ,  and available food. Oyster 
bars, thernsel ves, provide habitat  and food 
for a variety of organisms. The oyster 
associated communitv includes sponges 
( f l  inna v a q t i f i - c a ) .  br vozoans . - - - . . - - 
i%&G%i ora sp,),'a'tworms ( ~ t i l  ochus 
f ' a n n e l  i ds (Neanthes succi nea, 
Pnl vdnra w ~ h s t e r i  l various arthrouod . - . - - . - . , - - - - - . 
c r u ; t a c e a n i m i k c t e s  sapi dus, ~ e n i  ppe 
mercenari a, Neopanope- spp., Petrol isthes 
armatus), gastropods (Crepi dul a 1 ana, 
Melongena corona, Thais haernastromaf-d 
p e l e c y p o d s ~ c h i d o n t e s  exusta, Chione 
cancellatal  (Menzel e t  a1.1966). Fishes 

Sal ini ty  controls oys ter-bar 
community organization. When s a l i n i t i e s  
are high, various stenohaline gulf species 
are able to move into  the oyster-rich 
areas and feed on the oysters. Low 
sa l i n i t y  l imits such predation by acting 
as a barrier t o  those organisms. Species 
richness and divers i ty  of the oyster- 
associated populations vary d i rec t ly  with 
seasonal increases in sal  i ni ty. During 
warmer months, extensi ve oyster mort a1 i t y  
in the Apal achicol a estuary has been 
a t t r ibuted to  infestation by the pathoqen 
Perkinsus marinus (formerly called 
Dermocyctidium marinum) (Menzel 1983). 
Young oysters are unaffected by t h i s  
disease, although u p  t o  50% of adult 
oysters may be ki l led annually. The 
re la t ive ly  long period of high water 
temperature in the gulf es tuar ies  
contributes to  such mortality. A long- 
term study i s  currently under way t o  
determine the response of the Apal achi co1 a 
oyster associ a t  ions to  various stimul i 
including habitat  features (water quai i ty ,  
substra te) ,  predation, competition, 
disease, and possible over-fishing 
(Livingston e t  a l . ,  unpubl . ). 

Almost 70% of the Apalachicola Bay 
system can be characterized as a subtidal, 
unvegetated, soft-sediment area (Table 1). 
The muddy bottom substrate is inhabited 
primarily by polychaetes (Mediornastus 
ambiseta, Streblos io  benedi c t i )  and 
amphi pods (-P Grandidierell a bonnieroides). 
The polychaetes are deposit and suspension 
feeders with a hi gh reproductive capacity 
and considerable tolerance for  low 
s a l i n i t y  and vari able environmental 
conditions . Producti vi t y  trends, habitat 
type, and the ecological characterist ics 
of the various populations contribute t o  
what i s  a temporally variable but highly 
persistent assembl age of organisms in 
terms of species richness, re1 a t i  ve 
abundance, and recruitment. In 
oligohaline areas of the estuary, the 
benthic macroi nvertebrate assemblages are 
characterized by high dominance, low 
species richness, low diversity, and 
varying standi ng-crop biomass and 
numerical abundance (Li vi ngston 1983c, d ) .  
Areas around the mouth of the river have 
much higher numbers of infaunal 
macroinvertebrates than areas outside of 
the region of general flow. Such 
differences have been attributed 
(Livingston 1983c, d) t o  the deposition of 
nutrients and detr i tus  by the river during 
periods \of flooding (Figure 9) and 
increased ac t iv i ty  and abundance of the 
benthic macroi nvertebrates (Figure 27).  

The general community characterist ics 
of the soft-bottom assemblages change as 
s a l i n i t i e s  increase temporally and 
spat ia l ly .  In mesohaline and polyhal ine 
porti  ons of the system, overall numeri cal  
abundance i s  lower than in oligohaline 
areas, b u t  species richness and diversity 
increase s ignif icant ly  (Livingston e t  al .  
1983). Such trends are evident in the 
associations of epibenthic fishes and 
invertebrates, which are  an important part 
of the soft-sediment communities. 
Dominant populations such as At1 antic 
croaker, spot, penaeid shrimp, and blue 
crabs feed extensively on organisms within 
the muddy bottom of the estuary. 

The sof t-sediment communi t y  
(invertebrates and f i shes )  of the 



Apal achi c o l  a es tuary  r e f l e c t s  t he  response 
of hundreds o f  species t o  a complex 
combination o f  physical ,  chemical, and 
b i o l o g i c a l  fac to rs .  Physical  con t ro l ,  
together w i t h  p r o d u c t i v i t y  features,  
recru i tment  pat terns,  predator -prey 
i n t e rac t i ons  , and compet i t ion f o r  var ious 
resources determine t o  a cons iderable 
degree t h e  f o m  and func t ions  o f  the s o f t -  
sediment communities i n  the Apalachico la  
Bay system. Because the  m a j o r i t y  of the  
research i n  the Apalachicola Bay system 
has been c a r r i e d  out  w i t h  t he  f i shes  and 
macro! nver tebrates o f  the s o f  t-sediment 
estuar ine hab i ta t ,  the  i n t e r r e l  a t ionsh i  ps 
of the dominant features o f  these 
b i o l o g i c a l  systems w i l l  be t r ea ted  i n  a 
more d e t a i l e d  fash ion  below. 

5.2. PHYSICAL CONTROL OF BIOLOGICAL 
PROCESSES 

For some time, eco log is ts  have argued 
about the r e l a t i v e  importance o f  phys ica l  
and b f o l o g i c a l  con t r o l  of aquat ic  
popul a t  1 ons and comun i  t i  es. Clear1 y, the 
problem i s  extremely complex, based on the 
f a c t  t h a t  each species i s  a product o f  a 
given h a b i t a t  w h i l e  a lso  having an input ,  
through p reda t ion  and competit ion, t o  the  
comun i  ty. It i s  genera l l y  agreed t h a t  
temperate es tuar ies  such as the  
Apal ach i co l a  system are h i g h l y  p roduc t i ve  
and p h y s i c a l l y  unstab le  i n  space and time. 
Temperature and s a l i n i t y  have a major 
Cnfluence on the form and processes of the 
es tuar ine  b i o t a  i n  such a system. A t  t he  
same time, va r ious  populat ions i n t e r a c t  
w i t h  each o the r  and t h e i r  environment w i t h  
almost cont inuous feed-back t o  the system 
as a whole, 

The t imed i n t e rac t i ons  o f  mu1 ti p l e  
phys ica l  and b i o l o g i c a l  components of an 
es tuar ine  system are d i f f i c u l t  t o  
d i f f e r e n t i a t e  f o r  a v a r i e t y  o f  reasons. 
I nd i v i dua l  phys ica l  events f o l l o w  
d i f f e r e n t  temporal pat terns.  Often such 
phenomena a re  essent i  a1 1 y cyc l  i c  a1 though 
"cyc le"  does not necessar i l y  imp ly  t h a t  
the re  i s  a complete r e t u r n  t o  a previous 
condi t ion.  B i o l o g i c a l  responses are not  
t h a t  s imple and o f t e n  fo l low non l inear  or  
c u r v i  1 i near pa t te rns  of response t o  
va r y i ng  c o n t r o l  l i n g  factors .  Analys is  o f  
b i o l o g i c a l  responses requ i res  t h e  i n i  t i  a1 
d e l i n e a t i o n  of key dependent and 
independent v a r i  ables. Experimental 

eva l ua t i on  o f  hypotheses der i ved from 
observa t iona l  data can then  be used t o  
determine the  processes t h a t  def ine and 
u l t i m a t e l y  c o n t r o l  t h e  observed s t r u c t u r a l  
components o f  the  system. 

Various at tempts have been made t o  
de l i nea te  the  r e1  a t i o n s h i p s  of phys ica l  
and b i o l o g i c a l  v a r i a b l e s  i n  the  
Apal ach ico la  es tua r y  ( L i  v i  ngston 1975, 
1976b, 1979, 1982b; L i v i n g s t o n  and Loucks 
1978; L i v i n g s t o n  e t  a l .  1974, 1976b, c, 
1978; Mahoney and L i v i n g s  t o n  1982; Meeter 
and L i v i ngs ton  1978; Meeter e t  a l .  1979). 
Most analyses i n d i c a t e  t h a t  Apa lach ico la  
R i v e r  f l o w  has a major  i n f l u e n c e  on the  
phys i ca l  and b i o l o g i c a l  r e l a t i o n s h i p s  i n  
t h e  estuary.  For example, s t a t i s t i c a l  
ana l ys i s  o f  t h e  p r i n c i p a l  physico-chemical  
va r i ab l es  (Table 21) i n d i c a t e s  t ha t  the 
main f a c t o r  o r  component cou ld  be c a l l e d  
" r i v e r  f low." Th i s  r i v e r  f l ow i s  
assoc ia ted w i t h  low s a l  i n i t y ,  increased 
c o l o r  and t u r b i d i t y  (and reduced Secchi 
readings) ,  and reduced c h l o r o p h y l l  2. 
R i v e r  f low a lone exp la i ned  32% o f  the  
t o t a l  var iance and about h a l f  o f  t he  
va r iance  exp la ined  by  t h e  f o u r  f ac to r s .  
Average bay values of major  n u t r i e n t s  va ry  
seasonal 1 y; h i  gh n u t r i e n t  concentrat  ions 
a re  found du r i ng  h i gh  ( w i n t e r )  r i v e r  
d ischarge and low s a l i n i t y  cond i t i ons  
(Table 22). The Apal a c h i c o l  a R i ve r  
c o n t r o l s  t o  a cons iderab le  degree var ious 
f ac to r s  such as n u t r i e n t  and d e t r i t u s  
concentrat ions,  s a l i n i t y ,  c o l o r  and 
t u r b i d i t y ,  and o t h e r  water  qua1 i t y  
fac to rs .  I n  t u rn ,  t hese  cond i t i ons  
c o n t r o l  the l e v e l  and p a t t e r n  o f  
p r o d u c t i v i t y  f l u c t u a t i o n s  i n  t he  bay 
system. 

Studies o f  temperate es tua r i es  
i n d i  cate t h a t  the  combi n a t i  on of h i g h  
p r imary  p r o d u c t i v i t y  and extreme1 y 
v a r i a b l e  environmental  cond i t i ons  i s  o f ten  
assoc ia ted w i t h  r e l a t i v e l y  low species 
r i chness  and d i v e r s i t y  and h i gh  secondary 
p r o d u c t i v i t y  o f  a few dominant species. 
No mat te r  which group o f  organisms i s  
considered, from phy top lank ton  t o  f i shes ,  
s a l i n i t y  appears t o  be t h e  p r ima ry  
r e g u l a t o r  of species numbers a t  a g iven  
l o c a t i o n  i n  t h e  estuary .  Dominants a re  
ab l e  t o  adapt t o  low o r  h i g h l y  v a r i a b l e  
s a l i n i t y  cond i t i ons .  S a l i n i t y  i s  a ma jo r  
determinant of species r i chness  ( S )  of 



Table 21. Fac to r  ana l ys i s  of phys i  co-chemical va r iab les  i n  the Apalachico la  system 
taken month ly  from March 1972 t o  February 1976. Color (Pt-Co un i t s ) ,  t u r b i d i t y  
(J.T.U. ), Secchi read ings  (m),  s a l i n i t y  ( pp t ) ,  temperature (OC), and ch l o rophy l l  a  (mg 
1-1) were noted a t  S t a t i o n  1. T i d a l  da ta  inc luded stages o f  the t i d e  on the  dTy o f  
c o l l e c t i o n  w h i l e  t h e  wind v a r i a b l e  was represented by  two vector  components (speed, 
d i r e c t i o n )  ( f r om  Meeter and L i v i n g s t o n  1978). 

Va r i ab l e  

Fac to r  1 Factor  2 Factor 3  Factor  4  
(49.0% o f  (22.3% o f  (17.9% o f  (10.89;: of 
var i ance) v a r i  ance) va r i  ance) v a r i  ance) 

R ive r  f l o w  

Local r a i n f a l l  -0.04 -0.30 -0.09 0.20 

Tide ( incoming  o r  ou tgo ing)  0.26 0.51 -0.68 0.06 

Tide ( h i gh  o r  low) 0.09 0.39 0.61 -0.37 

Wind d i r e c t i o n  (E-W) -0.02 0.09 0.36 0.37 

Wind d i r e c t i o n  (N-S) 0.10 -0.20 0.22 0.31 

Secch i 0.57 -0.07 -0.17 0.24 

Color -0.80 0.33 0.01 0.07 

T u r b i d i t y  -0.73 0.54 0.08 0.23 

Temper a t  ure 0.38 0.15 0.02 -0.18 

S a l i n i t y  0.68 0.31 0.33 -0.02 

Ch lo rophy l l  - a 0.47 0.51 0.1)9 0.31 

ben th ic  macroi  nve r t eb ra tes  taken 
( seasona l l y )  i n  l i t t e r  baskets  a t  
d i f f e r e n t  s t a t i o n s  (3, 5A, 1X) a long  a 
s a l i n i t y  g rad i en t  (F i gu re  36) (F  = 30.4, 
r 2  = 0.45, w i t h  S as t h e  dependent 
v a r i a b l e ) .  Numbers o f  species taken 
du r i ng  a season va r y  d i r e c t l y  w i t h  
s a l i n i t y  r a t h e r  than w i t h  s t a t i o n - s p e c i f i c  
c h a r a c t e r i s t i c s .  S i m i l a r i t y  c o e f f i c i e n t s  
of spec ies composi t ion a t  t h e  sampled 
s t a t i o n s  are c l o s e s t  d u r i n q  f a l l  oe r iods  
o f  h i gh  s a l i n i t y .  These r e s u l t s  i n d i c a t e  
t h a t  q u a n t i t a t i v e  and q u a l i t a t i v e  species 
r ep resen ta t i on ,  r ega rd l ess  o f  l o ca t i on ,  
a re  c l o s e l y  r e l a t e d  t o  s a l i n i t y .  

S i m i l  ar t r ends  are found f o r  phyto- 
p l ank ton  (Estabrook 1973), zoopl ankton 
(Edrnisten 1979), i n f  aunal 

macro inver tebrates ( L i v i ngs ton  unpubl ished 
data) ,  and ep iben th ic  f i shes  and 
i nve r t eb ra tes  ( L i v i n g s t o n  1979). 
L i v i n g s t o n  (1979) showed t h a t  s a l i n i t y  i s  
d i r e c t l y  r e l a t e d  t o  species r ichness and 
d i v e r s i t y  o f  es tua r i ne  nekton. S ta t ions  
charac te r i zed  by low s a l i n i t y  are 
assoc ia ted w i t h  h i qh  numbers of 
i n d i v i d u a l s ,  h i q h  r e 1  a t i  ve dominance, and 
low species r i chness  (Table 20). Outer 
bay s t a t i ons ,  w i t h  h igher  s a l i n i t i e s ,  a re  
de f ined  by r e 1  a t i  ve l  y  1  ow dominance, h igh  
species r ichness and low numerical 
abundance. High dens i t i e s  o f  organisms 
t h a t  use the bay as a nursery, such as 
penaeid shrimp, b lue  crabs and var ious 
f i n f i s h e s  are not u s u a l l y  found i n  areas 
hav ing s t a b l e  pa t te rns  o f  r e l a t i v e l y  hiqh 
s a l i n i t y  ( L i v i ngs ton  1984a). 



Table 22. C o r r e l a t i o n  c o e f f i c i e n t s  o f  1 i nea r  regress ions o f  n i  t r a t e ,  orthophosphate, 
s i l i c a t e ,  and a m o n l a  on s a l i n i t y  ( f rom L i v i ngs ton  e t  a l .  1974). 

Date N03 Po4 S i03  NH3 

Oct. 14 1972 

Dec. 2 1972 

Jan. 6 1973 

Feb, 17 1973 

Mar. 19 1973 

Apr. 22 1973 

May 19 1973 

Jun. 11 1973 

Ju l .  12 1973 

Aug. 22 1973 

Sep. 10 1973 

Species r ichness and d i v e r s i t y  o f  
nekton are d i r e c t l y  associated w i t h  areas 
o f  h igh  environmental  s t a b i l i t y  bu t  low 
secondary p r o d u c t i v i t y .  I n f  aunal 
macro inver tebrates show the same general 
response t o  sa l  i n i t y  ( L i v i nqs ton  1983d). 
Wi th i n  a  given area o f  low s a l i n i t y ,  
however, species ri chness may increase i n  
areas of r e l a t i v e l y  h i qh  pr imary 
p r o d u c t i v i t y  and d e t r i t u s  a v a i l  a b i l  i ty .  
I n  t h i s  way, the i n f l uence  of s a l i n i t y  may 
be mod i f i ed  by ambient h a b i t a t  condi t ions.  

I n  low-sal  i n i t y  estuar ies,  species 
d i v e r s i t y  i nd i ces  tend t o  r e f l e c t  the 
e f fec ts  of s a l i n i t y  on rec ru i tment  o f  

dominant popu la t ions .  W i t h i n  a  g iven 
h a b i t a t  (such as an oys te r  bar, 
unvegetated so f  t -sediment area, or  
seagrass bed), t he  s p a t i  a1 d i s t r i b u t i o n  o f  
organisms a t  any g iven  t i m e  may depend on 
g rad ien ts  of p r o d u c t i v i t y  and s a l i n i t y .  
The r e g u l a t i n g  f ea tu res  may change t h e i r  
r e l a t i v e  importance through any g iven 
seasonal succession. Temperature and 
o ther  phys i ca l  f ea tu res  seasona l l y  modify 
t h e  p roduc t i v i t y - sa1  i n i t y  assoc ia t ion .  
Among t h e  phytoplankton, water temperature 
i s  the  p r imary  l i m i t i n g  f a c t o r ,  a l though 
r i v e r  discharge, n u t r i e n t s  (ma in ly  phos- 
phorus), t u r b i d i t y ,  and 1  i g h t  i n h i b i t i o n  
may c o n t r o l  phy top l  ankton p r o d u c t i v i t y  a t  



d i f f e r e n t  times o f  the year. Estabrook 
(1973) noted t h a t  grazing zooplankton a1 so 
may cont ro l  phytopl  ankton product i v i  t y  
s i  nce experiments removing zoopl ankton and 
n e t  plankton enhanced nannoplankton 
p r o d u c t i v i t y  g rea t l y .  The p o s s i b i l i t y  
e x i s t s  tha t  compet i t ion f o r  nu t r i en ts  
among various species a lso i s  an important 
determinant o f  r e 1  a t i v e  phytoplankton 
domi nance. 

Among the  zooplankton, copepods are 
dorni nant . The copepod A c a r t i  a  tonsa 
cons t i t u tes  95.5% o f  t o t a l  zooplankton i n  
East Bay, 68.2% i n  Apalachicola Bay and 
19.8% i n  coastal waters (Edmisten 1979). 
S a l i n i t y  and temperature con t ro l  the 
composition o f  zooplankton communities i n  
t h e  estuary. Populat ions o f  A c a r t i a  vary 
i nve rse l y  w i t h  d is tance from the  mouth of 
t he  Apalachicola R ive r  and are 
concentrated i n  Apal achicol  a Bay. 
Temperature i s  associated w i t h  s i g n i f i c a n t  
(p < 0.01) d i f f e rences  i n  A c a r t i a  numbers. 
S a l i n i t y  s i g n i f i c a n t l y  ( p i )  a f fec ts  
t h e  ove ra l l  r e l a t i v e  abundance o f  the 
dominant popul a t  ions. Edmisten (1979) 
showed tha t  temperature, s a l i n i t y ,  s t a t i o n  
and month had a m u l t i p l e  r value o f  0.775. 
I n  East Bay, Aca r t i  a  numbers (as we1 1 as 
zooplankton numbers and biomass) peak 
dur ing  periods o f  h igh s a l i n i t y .  Thus, 
temperature u s u a l l y  determines o v e r a l l  
numbers i n  the  bay system, wh i l e  s a l i n i t y  
determines t h e i r  s p a t i a l  d i s t r i b u t i o n  at 
any given time. The response t o  midrange 
s a l i n i t i e s  exp la ins  the  nonl inear 
(parabo l ic )  r e l a t i o n s h i p  o f  A c a r t i a  w i t h  
sa l i n i t y , .  It appears t h a t  other 
organisms can successful l y  complete w i th  
Aca r t i a  a t  h igher and lower s a l i n i t i e s .  

L i f e  h i s t o r y  s t ra teg ies  o f  various 
nektoni c  estuar ine species depend t o  some 
degree on spa t i  al / temporal gradients of 
substrate type, s a l i n i t y ,  food 
ava i l  a b i l i t y ,  and energy f low. The 
spa t i  a1 d i s t r i b u t i o n  and abundance of 
b r i e f  squid (Lo1 1 iguncula b rev i  s) i s  
determined t o  a considerable degree by 
s a l i n i t y  and temperature ( ~ a u g h l i n  and 
L iv ings ton 1982). Optimal sal  i n i  t i e s  
range between 25 and 30 ppt. Squid tend 
t o  congregate near t he  passes dur ing 
summer and f a l l  per iods of h igh  s a l i n i t y .  
D i s t r i b u t i o n  w i t h i n  t h e  es tuary  i s  
associated w i t h  the d i s t r i b u t i o n  o f  
zooplankton i n  the bay. Popul a t i o n  trends 

o f  squid fo l lowed long-term (9-year) 
s a l i n i t y  trends that,  i n  turn, were 
associated w i th  c l i m a t i c  features.  There 
were sharp decines i n  squ id  abundance 
dur ing  periods o f  low sa l  i n i t y .  

Overal l ,  attempts t o  co r re la te  
pat terns o f  species abundance w i th  
i n d i v i d u a l  physical,  chemical, and 
product i  v i  t y  var i abl es have not been 
e n t i r e l y  successful. 9 m u l t i p l e  
regression analys is  of ind iv idua l  
popul a t i o n  dens i t ies  w i t h  combinations o f  
independent var iables i nd i ca tes  t h a t  such 
components accounted f o r  l ess  than 50% o f  
the populat ion v a r i a b i l i t y  (Table 23). No 
s i n g l e  se t  o f  phys i ca l  condit ions 
explained populat ion v a r i a t i o n  through 
time. While f ac to rs  such as temperature, 
s a l i n i t y ,  p roduct iv i ty ,  and water qua1 i t y  
c h a r a c t e r i s t i c s  are important  determinants 
o f  genera1 hab i ta t  a v a i l a b i l i t y ,  i t  i s  
c lea r  t h a t  other fac tors ,  presumably 
b i o l o g i c a l  i n  nature, may be important t o  
our understanding o f  the  processes tha t  
determine the community s t ruc tu re  o f  the 
Apal achicol  a Bay system. 

5.3. TROPHIC RELATIONSHIPS AND FOOD-WEB 
STRUCTURE 

Community s t ruc tu re  i s  determined i n  
p a r t  by predator-prey interact ions,  
especi a1 1 y among dominant estuar ine 
popul a t i  ons. Cornprehensi ve studies of the 
feeding hab i ts  o f  dominant fishes 
(Sheridan 1978; Sheridan and Liv ingston 
1979) and inver tebra tes  (Laugh1 i n 1979) 
have been ca r r i ed  ou t  (Fiqure 37). 
Pelagic anchovies feed p re imar i l y  on 
ca lano id  copepods throughout t h e i r  l i ves .  
Seventy percent o f  the d i e t  of young 
anchovies (standard l e n g t h  (SL), 10-39 m) 
i s  composed o f  these copeoods. Larger 
f i s h  (SL 40-69 rmn) ea t  mysids, insect  
la rvae and j uven i l e  f i shes .  A seasonal 
progression o f  food i tern consumpti on 
fo l l ows  t rends o f  a v a i l a b l e  prey species. 
The At1 a n t i c  croakers progress through a 
ser ies  o f  d i s t i n c t  ontogenet ic  t roph ic  
stages. Young f i s h  (SL 10-30 mm) eat  
i nsec t  larvae, ca l  anoid copepods, and 
ha rpac t i co id  copepods. Midrange f i s h  IS1 
40-99 mm) consume d e t r i t u s ,  mysids, and 
isopods; l a rge r  f i s h  (SL 100-159 mm) eat a 
h igh  propor t ion  of j u v e n i l e  f ishes, crabs, 
and in fauna l  shrimp. Croaker at a l l  
stages eat  polychaete worms. Soot, which 



Table 23. Results of a stepwise regress ion  ana lys is  o f  va r ious  i ndependent parameters 
and species (numerical abundance) i n  t he  Apal ach i co l  a e s t u a r y  f rom March 1972 t o  
February 1975. Independent v a r i  ables are l i s t e d  bv o rde r  o f  importance w i t h  117 
expressed as a cumulat ive f u n c t i o n  o f  t h e  given parameters ( f rom L i v i n g s t o n  e t  al. 
1976b). Independent va r iab les  were run w i t h  and w i t h o u t  l a g  pe r i ods  of 1-3 months. 
- - 

Species Independent va r iab les  ~2 

Anchoa mi t c h i l l  i 
T f Z E T o o n i a s d u l  atus 
C y n o s c i o n a r i u s  

o v ac t v l us  octonemus ., -., - 

A r i u s  fe lTs  
L e i o s t ~ x a n t h u r u s  

Penaeus se t  i f er us 
Palaemonetes u i o  
Ca l l i nec tes  s a o ~  "s us 

Ch lo rophy l l  a, Secchi 
River  f l o w  n a g ) ,  Secchi ( l a g )  
Ch lo rophy l l  a, wind, Secchi ( l a q )  temp. 
Ch lo rophy l l  a ( l ag ) ,  s a l i n i t y ,  Secchi 
Temp., w i  nd - 
T u r b i d i t y  ( lag ) ,  Secchi, s a l i n i t y ,  temp. 
Temp. ( lag) ,  temp., s a l i n i t y  
Temp. ( l a g )  
Color ( ]as),  co lor ,  Secchi 
Wind, temp., co l o r  
Wind, ch l o rophy l l  - a, incoming t i d e ,  c o l o r  
T u r b i d i t y  
Secchi, incoming t i d e  
Ch lo rophy l l  a, Secchi 
Ch lo rophy l l  5 (1  ag), temp. 
Ch lo rophy l l  ( l ag ) ,  Secchi 
T u r b i d i t y  
Wind 
Ch lo rophy l l  2, temp. 

are also benth ic  omnivores, consume po l  y- 
chaetes, ha rpac t i  co i d  copepods, b iva lves,  
and nematodes. Spot have a more d ive rse  
d i e t  than croaker and do not concentrate 
on s i nq l e  prey types. Trends across s i ze  
classes are not as c learcut ,  al though 
there  i s  decreased spec i a l i za t i on  w i t h  
growth. The sand seat rout  i s  a water- 
column predator  of f i shes  and mysid shrimp 
(M s idops is  bahia).  Small t r o u t  (SL 10-29 
mm 3- tend t o  eat mysids and ca lano id  
copepods, wh i l e  1 arqer f i s h  (SL 30-99 mm) 
consume more juveni  l e  f ishes. ~ n c h o v i e s  
(Anchoa m i t c h i l l i )  comprise 70% of a l l  
fEFGTt aK.---- 

Fishes r e g u l a r l y  undergo ontooenet i c 
d i e t a r y  s h i f t s  encompassinq p fank t i vo ry ,  
carn ivory ,  mn i vo r y ,  and herb ivo ry  w i t h i n  
t he  same species (Sheridan 1978; Sheridan 
and L i v i ngs ton  1879; L i v i nqs ton  1979, 
1982). Sheridan and L i v i ngs ton  (1979) 
i nd i ca ted  t ha t  temporal d i f fe rences  i n  
feedfng progressions were a major f a c t o r  
i n  t he  lack  of over lap i n  food types among 
species. Lauqhl in  (197a) found t h a t  b lue  

crabs a l s o  undergo t r o p h i c  progressions. 
Juveni les,  abundant d u r i n g  w i n t e r  months, 
feed l a r g e l y  on p l a n t  mat ter ,  de t r i t u s ,  
and b i v a l v e  mo l lusks  such as Ranqia 
cuneata, Rrachidontes exustus, and 
Crassost rea v i r  i n i c a .  As t he  c rab  grows, --- 
biva l ves  an Se- f i s h e s  become progress ive1 Y 
more impor tan t  i n  t h e  d i e t .  La rge r  blue 
crabs feed  p r i m a r i l y  on b i va l ves ,  fishes, 
and crabs (i.e.. b l u e  crabs. mud crabs 
such as r'hi thrbpanopeus h d r r i  s i  , and 
xan th id  crabs o f  t h e  genus Neopanope). 
Cannibal ism i s  a s i q n i f i c a n t  mode of 
f o raq i ng  i n  t h e  o l d e r - b l u e  crabs. Diet  
gene ra l l y  r e f l e c t s  seasonal s h i f t s  of prey 
abundance. 

Al though t h e  d i s t i n c t i v e  n u t r i e n t  
sources f o r  t h e  es tua r y  have been 
i d e n t i f i e d ,  the r a t e  f unc t i ons  o f  energy 
movement through t he  sys tern a r e  li t t l e  
understood. The p e r i o d i c  i n p u t s  of 
n u t r i e n t s  and d e t r i t u s  i n t o  t h e  estuary  
are transformed i n t o  b i o l o g i c a l  matter.  
Such i n t e g r a t i v e  processes con t inuous ly  
smooth o u t  the e p i s o d i c  na tu re  o f  energy 



F iqure  37. S i m p l i f i e d  feeding 
assoc ia t ions  of f o u r  dominant f i shes- -bay  
anchovy, sand sea t rou t ,  A t l a n t i c  croaker, 
spot--and b l ue  crabs i n  t h e  Apa lach ico la  
estuary.  Four food compartments are 
shown: phy top lank ton  (P), ho lop lank ton  
(HI, meroplankton and benthos (MB), and 
sediments ( S ) .  Major  food i tems i n  the  
compartments are : DE=detr i tus ,  
S I=b iva lves ,  HC=harpact ico id  copepods, 
NE=nematodes, IN=insects ,  PO=polychaetes, 
SH=shrimp, MY=mysids, CR=crabs, FS=fishes, 
CC=calanoid copepods, DI=di  atoms. Numbers 
i n d i c a t e  dry-weight  c o n t r i b u t i o n  o f  
p a r t i c u l a r  food  i tems ( w i t h i n  boxes) and 
food c o n t r i b u t i o n s  o f  major  food 
compartments ( a f t e r  Laugh1 i n  1979 and 
Sher i  dan 1978). 

t r a n s f e r  from upland systems. The 
p l a n k t o n i c  and d e t r i  t a l  pathways come 
t oge the r  a t  the  sediment l e v e l  through 
repackaging of feca l  m a t e r i a l  and the  
a c t i v i t y  o f  the  microorganisms. The 
microbes transform d i sso l ved  n u t r i e n t s  
i n t o  a v a i l a b l e  p a r t i c u l a t e  mat te r .  Over 
2% o f  t h e  dry-weight  mass of t h e  sediments 
i s  composed of o rgan ic  carbon, b a c t e r i a l  
b i  mass,  and e x t r a c e l  l u l a r  po lysacchar ides 
(D.  C. White personal  communication). The 
sediment o rqan ic  m a t r i x  and POM form the 

bas is  of t h e  ben th ic  ( d e t r i t a l )  food  webs. 
The g raz ing  of d e t r i t u s  and i t s  m i c rob i a l  
populat ions enhances n u t r i e n t  q u a l i t y  f o r  
subsequent m ic rob i  a1 development by 
s t i m u l a t i n g  f u r t he r  m i c rob i a l  p r o d u c t i v i t y  
and enhancing t h e  n i t r ogen  and phosphorus 
content o f  the  POM. Phys ica l  disturbance, 
through wind and t i d a l  ac t ion  and ac t i ve  
p reda t ion  and b i o l o g i c a l  a c t i v i t y ,  i s  one 
o f  the reasons why the  Apalachico la  
es tuary  i s  such a p roduc t i ve  system. 

Seasonal r e l a t i o n s h i p s  among the  
var ious phys ica l  and b i o l o g i c a l  f a c t o r s  i n  
t he  bay system have been developed (F igure 
38). Although t h e  b i o l o g i c a l  response t o  
a g iven event u s u a l l y  f o l l ows  a non l inear  
o r  c u r v i  1 i near pat tern,  c e r t a i n  r e1  a t ion -  
sh ips have become ev ident  a f t e r  many years 
of observat ion. Seasonal va r i a t i ons  of 
temperature and t he  pulsed r i v e r  f l o w  are 
u s u a l l y  ou t  o f  phase, Local r a i n f a l l  
( F l o r i d a )  peaks du r i ng  sumner months. 
S a l i n i t y  i n  the es tuary  i s  h ighest  dur ing  
summer and f a l l  months. The t im ing  o f  the 
r i v e r  f low, and t he  r e s u l t a n t  load ing  o f  
n u t r i e n t s  and POM, i s  c r i t i c a l  t o  the  
seasonal b i o l o g i c a l  successions i n  the 
estuary,  especi a1 1y dur ing  w in te r  and 
e a r l y  sp r ing .  During such per iods of low 
w in te r  temperature and s a l i n i t y  and h igh 
r i v e r  f l o w  and d e t r i t a l  movement i n t o  the  
estuary,  ben th ic  i n f  aunal abundance i s  
high. Ep iben th ic  organisms (espec ia l l y  
f i s h e s )  reach peak l e v e l s  dur ing  l a t e  
w in te r  as temperature s t a r t s  t o  increase 
and macroi nver tebrates avai 1 ab le  f o r  food 
are abundant. Renth ic  omnivores such as 
spot  and t h e  A t l a n t i c  croaker are favored 
by such condi t ions.  Although these 
sc iaen ids  over lap  i n  t h e i r  temporal d i s -  
t r i b u t i o n ,  food s i z e  p a r t i t i o n i n g  by  these 
two bottom-feeding f i s h e s  r e s u l t s  i n  
d i s t i n c t i v e  d i f f e rences  i n  prey t ype  and 
s i z e  (Sheridan 1978). A l a r g e r  apparatus 
a l lows croaker t o  penetrate deeper i n t o  
t he  subs t ra te  and consume l a r g e r  po ly-  
chaetes, shrimp, and crabs. Spot tend t o  
e x p l o i t  sma l le r  organisms, such as nema- 
todes, harpac t i  co i  d copepods, j u v e n i l e  
b iva lves,  and sma l le r  forms o f  poly- 
chaetes. There is  enough d i e t a r y  overlap, 
however, t o  a l l ow  t h e  p o t e n t i a l  f o r  
compet i t i on  between these two species. 

Ben th ic  macroi  nver tebrates occupy an 
impor tan t  t r o p h i  c 1 i n k  between t he  pr imary 
producers (and microbes) and t h e  upper 
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F igu re  38. General ized, sirrip1 i f i e d  model o f  seasonal re1  a t i onsh ips  o f  the dominant 
macro inver tebrates and f ishes i n  the Apalachicol  a  Bay system. The model assoc ia tes 
popu la t i on  d i s t r i b u t i o n  w i t h  seasonal changes i n  key phys ica l  va r i ab l es ,  p r o d u c t i v i t y  
features,  and the predator-prey r e l a t i o n s h i p s  o f  the  estuary .  

t r o p h i c  l e v e l s  of the estuary.  Of the 10 
numer i ca l l y  dominant in fauna l  species 
( represen t inq  over  83% of the t o t a l  
number), f i v e  a re  d e t r i t a l  feeders, four  
a re  depos i t  feeders (su r face  and subsur- 
face) ,  and one i s  a  f i l t e r  feeder. Of t he  
e n t i  r e  i nfaunal assembl age, the re  are 
f i f t e e n  omni vore/carn ivore types, seven 
subsurf  ace deposi t  feeders, eleven s u r f  ace 
depos i t  feeders, twelve (qeneral  ized)  
depos i t  feeders, and seven f i 1 t e r  feeders. 
There are h igh numbers of the  var ious 
f i f  t e r - f eed ing  mol lusks such as Rangia 
cuneata and Crassostrea v i r g i n i c a .  

The impor tant  r o l e  o f  d e t r i t u s  and 
i t s  associated mic rob i  a1 components i s  

i n d i c a t e d  by  the  predominance of t h e  
d e t r i  t i vo re /omn ivore  feeders  i n  t h e  
macro inver tebra te  assembl aqes. O f  t h e  
dominant 1 i t t e r - a s s o c i  a ted  organisms, t h e  
polychaetes are general  l y  omnivorous, 
consuming f i n e  d e t r i t u s ,  m i c roa l  gae, 
copepods, and amphi pods. The gastropods 
i n  the l i t t e r  i n c l ude  omnivores, f i l t e r  
feeders, scavengers, suspension feeders, 
and carn ivores.  The herb ivo rous  s n a i l  
V e r i t i n a  r e c l  i v a t a  i s  a  major  species i n  
t h e  srassbeds of East  Bav. The a m ~ h i ~ o d s  
found among t h e  1 i t t e r  a&embl ages i nc i ude  
omnivores, d e t r i t u s  feeders ( o r  l e a f  
scavenqers) and, i n  t h e  case o f  some 
gammarids, f i l t e r  feeders.  A few species 
such as Hya le l  l a  azteca Gammarus 
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lacust r is - ,  and Me1 i t a  spp. are known t o  be 
l e a f  s h r e d d e r s  i . e .  herb ivo res ) .  . . 
a1 though o the r  a ~ n ~ h i ' ~ o d s  . are predaceous, 
feeding on h,ydroids, bryozoans, and 
(poss i  h l  v )  zooplankton. Crustaceans such 
as the  t a n a i d  Ha rge r i a  rapax a re  g e n e r a l l y  
omnivores, b u t  some are shredders o r  
pa ras i t es .  Mysid s h r i m ~  g e n e r a l l y  f e e d  on 
f i n e  d e t r i t u s  and diatoms. Decapod 
crustaceans found i n  t h e  l i t t e r  
assoc ia t ions  are 1  a r q e l y  omnivores and 
d e t r i t u s  feeders, a1 tfiough c e r t a i n  
dominants, such as oenaeid shrimp and b lue 
crabs, are p redomina te ly  ca rn ivo rous  
du r i nq  c e r t a i n  l i f e  stages. 

nu r i np  t h e  s p r i n q  months, r i v e r  f l o w  
discharge decreases, sa l  i n i  t y  increases, 
and t he  water c l ea r s .  These cond i t i ons  
tri qqer t he  1  a te  s p r i n g  phy top l  ankton 
blooms and assoc ia ted  zooplankton 
increases. The s p r i n g  p lank ton  peaks are 
concurrent  w i t h  inc reased  r e 1  a t i  ve 
abundances o f  p l a n k t i v o r o u s  f i s h e s  such as 
anchovies and menhaden. As t he  
temperature increases and r i v e r  f low 
f a l l s ,  the  h i qh  numbers o f  i n f a u n a l  
macro inver tebra te?  f a 1  1  p r e c i p i t o u s l y .  4s 
a  r e s u l t ,  b y  t he  end o f  s p r i n q  t h e r e  are 
few spot  and A t l a n t i c  croaker  i n  t he  bay, 
and the  sand sea t r ou t ,  feeding on 
anchovies, becomes t he  dominant s c i  anid. 
Sheridan (1978) p o s t u l a t e d  t h a t  the summer 
anchovy peaks a re  t r unca ted  by sand 
sea t rou t .  There i s  l i t t l e  t r o p h i c  
i n t e r a c t i o n  o f  t he  sand sea t r ou t  w i t h  
o t he r  dominant f i s h  predators ;  l i kew i se ,  
the re  i s  l i t t l e  d i e t a r y  ove r l ap  of these 
species d u r i n g  t h e i r  concur ren t  pe r i ods  i n  
t he  es tua r y  (May-August) . Du r i  ng such 
per iods,  p reda t i on  pressure on penaeid 
shrimp and crabs i s  low. 9y f a l l ,  most of 
the sand sea t r ou t  have moved ou t  of the 
es tua r y  and anchovies become dominant . 

4s temperature peaks d u r i n q  t h e  
slimmer, t h e  numbers o f  i n v e r t e b r a t e s  
(penaei d  shrimp, b l ue  c rabs)  inc rease  
(F i gu re  27). Du r i ng  t h i s  time, l o c a l  
r a i n f a l l  reaches seasona l l y  h i q h  l e v e l s .  
Benth ic  macrophytes a t t a i n  peak 
p r o d u c t i v i t y  and s t and inq  crop. Ry t he  
end o f  summer, macrophytes s t a r t  t o  d i e  
o f f ,  and es tua r i ne  d e t r i t u s  l e v e l s  
increase as the temperature begins t o  
dec l  i ne and s a l  i n i  t y  increases throughout  
the  estuary .  By e a r l y  f a l l ,  the  numbers 
o f  species o f  f i s h e s  and i n v e r t e b r a t e  

species reach h iqh  l eve l s .  Dne poss i b l e  
exp lana t ion  f o r  t h i s  s i t u a t i o n  i s  t h a t  
those species l i m i t e d  by low s a l i n i t y  
d u r i n g  most o f  the year are ab le  t o  en te r  
t h e  shal low po r t i ons  o f  t he  es tuary  a t  
t h i s  time. Other f a c t o r s  t h a t  cou ld  
enhance the observed h i qh  numbers of 
species dur ing the  f a l l  cou l d  be f a l l i n g  
temperatures ( t o  opt imal l e v e l s )  and t h e  
avai  1  a b i l  i t y  of d e t r i t u s  and/or 
d e t r i t i v o r o u s  inver tebra tes  as food. 

An overwhelming m a j o r i t y  o f  t he  
es tua r i ne  nekton i s  omnivorous a t  some 
1  i f e - h i s t o r y  stage, and d e t r i t u s  forms an 
impor tant  component o f  stomach contents  a t  
any qiven t ime (Sheridan 1978; Sheridan 
and L i v i nqs ton  1979; L i v i ngs ton  lQR2b). 
O f  the seven dominant macroi nvertebrates, 
rep resen t inq  over 90% of the t r a w l -  
suscep t ib le  catch, f i v e  (Peaneus 
se t i f e rus ,  Palaemonetes puq io ,  C a l l  i n e c t ~  -- 
sapi  dus, Penaeus aztecus and Lo1 1  Quncul a  - - - -- -- - - - 
b r e v i  ST are omni vo re /ca rn i  ~ o r e  t ypes; -- 
V e r i t i n a  r e c l i v a t a  i s  an herbivore, and 
Lo1 1  i j u n c u l  a  b r e v i s  i s  a  zooplankt i  vore. - -- - -- - - - 
Whi le  the n u t r i t i o n a l  iqpor tance of the  
d e t r i t u s  remains i n  doubt, omnivory 
appears t o  be an impor tant  c h a r a c t e r i s t i c  
o f  the predominant feedinq pa t te rns  a t  
i n te rmed ia te  l e v e l s  o f  the estuar ine food 
webs. 

Top predators, feed i  nq l a r g e l y  on 
decapod crustaceans and f i shes  dur ing  t he  
f a1 1, i nc lude  r p o t t e d  sea t rou t  (Cynoscion 
nebulosus), f l a t f i s h e s  ( P a r a l i c h t h  s  
-3dul t  s i l v e r  perch 4 
chrysoura-), searobi ns ( P r i  onotus -- spp. ) , 
and var ious shark types. 

Dur i  nq November, as t h e  temperature 
drops r a p i d l y ,  ep i  ben th ic  orqanisms 
decrease and var ious m iq ra to r y  species 
leave the  es tuary  f o r  nearshore q u l f  
waters as p a r t  o f  t h e i r  annual m ig ra t ion .  
Penaeid shrimp are an example o f  t h i s  tvpe 
o f  popu la t ion  behavior.  R i ve r  f l o w  s t a r t s  
t o  increase dur inq  the  e a r l y  winter ,  and 
s a l i n i t y  qoes down. Benth ic  in faunal  
species r i chness  and abundance i ncrease as 
w i  n t e r  progresses (F iqure  27). 

The seasonal succession o f  h a b i t a t  
chanqe, energy d i s t r i b u t i o n ,  s ~ e c i e s -  
s p e c i f i c  rec ru i tment  pat terns,  predator -  
p r e y  r e 1  at ionships,  and t h e  r e s u l t i n g  food 
web con f iqu ra t inns  c o n t r i b u t e  t o  t h e  



b i o l o g i c a l  orqani  za t ion  o f  the estuary.  
Tnfaunal macroinvertebrates reach maximum 
abundance from November throuqh March, 
althouqh species r ichness i s  h iqhes t  i n  
May. As i nd i ca ted  prev ious ly ,  
phytoplankton and zooplankton are abundant 
du r i nq  sp r i nq  months and summer per iods. 
F i sh  abundance peaks dur ing  w in te r  and 
e a r l y  sp r i nq  al thouqh f i s h  and 
i nve r t eb ra te  species r ichness ind ices  
reach t h e i r  9 iqhest  l e ve l  i n  October. 
Epibenth ic  i n ve r t eb ra te  ahundance, on the  
o ther  hand, i s  hiqh du r i nq  August when 
penaeid shrimp and h lue crabs are 
orevalent .  I n  qeneral, the dominant f i s h  
species, w h i l e  over lappinq i n  ahundance t o  
some deqree, tend t o  predominate dur inq  
d i f fe ren t .  t imes O F  the year; h i qh  croaker 
and spot abundanc~ occurs i n  w in te r  and 
e a r l y  spr inq, sand sea t rou t  i n  sommer, and 
anchovies i n  the f a l l  and e a r l y  w in te r .  
Water column f ~ e d e r s  such as anchovies are 
l inkpd t o  p lank ton  ou tburs t5  and predat ion 
pressure from specips such as sand 
c r~n t r o~ , t ,  Qenthic feeders occur p r imar i  1  y 
dur i nq per i ods of d r t r i  tus /  
macro invcr tebrate abundance. Croakers and 
spot food larqct l  y  on po l  ychaetes, wh i le  
b l u r  crabs concentrdte on b iva lves.  
D i r e c t  1  y  o r  i n d i r e c t l y ,  most such species 
take advantaqe o f  the d e t r i t u n  t h a t  i s  
brouqht i n t o  t h ~  es tuary  by  the r i v e r .  
Thc combinat ion of low s a l i n i t y ,  h i qh  PDM, 
and low p reda t i on  p re rsure  con t r i bu tes  t o  
the observed h i s h  r e l a t i v e  abundance o f  
t h w e  s o e c i ~ 5 .  

5.4.  PREDATOR-PREY INTERACTION5 AND 
COMMUNITY RESPONSE 

Althouqh p rnduc t i  v i  t y  t rends and 
hahi t a t  character  i s t i  cs are important 
fac to rs  i n  the development and con t r o l  o f  
food web and community s t ruc tu re ,  
b in1 oq ica l  Features such as predator -prey 
r ~ l a t i o n s h i p s  and compet i t i on  f o r  
resources can be extreme1 y impor tant  i n  
n f f e c t i n q  the  b i o l o q i c a l  o rqan iza t ion  of 
the estuary .  Predat ion w i t h i n  aquat ic  
assoc ia t ions can l ead  t o  chanqes i n  
r e l a t i v e  abundance, species d i v e r s i t y ,  and 
o ther  impor tant  community ind ices.  
Peterson (1979) reviewed Factors  t ha t  
r e l a t e  the impact of p reda t ion  and 
compet i t i ve  exc lus ion  t o  the response of 
ben th ic  macro inver tebrates i n  unveqetated, 
sof t-sediment es tuar ine  hab i t a t s .  
Previous work w i t h  va r ious  marine assem- 

blages (1  a rge l y  r o c k y  i n t e r t i d a l  
communities) has i n d i c a t e d  t h a t  i s o l a t i o n  
from preda t ion  ( th rough  man ipu la t i ve  
processes such as caqinq)  should l ead  t o  
increased t o t a l  dens i ty ,  increased species 
r ichness, and r e s t r i c t i o n  o f  compet i t i ve  
exc lus ion  by p a r t i c u l a r  dominant species 
(Peterson 1979). Accord ing t o  t h i s  model, 
mani pu1 a t i  ve p reda to r  exc l us i on  should 
cause simp1 i f  i c a t i o n  o f  t h e  p rey  community 
as a r e s u l t  o f  enhanced compet i t i on  due t o  
increased popu la t i on  dens i t i e s .  Various 
authors have found t h a t  so f  t -bot tom 
assoc ia t ions o f  ben th ic  macro inver tebrates 
do not always f o l l o w  such a paradigm 
(Peterson 1979). A s e r i e s  o f  t e s t s  of 
t h i s  bas ic  hypothesi  s  has been c a r r i e d  out 
i n  the Apalachico la  Bay system over the 
past 3 years. 

Inverse c o r r e l a t i o n s  between predator  
and prey popu la t i on  do e x i s t  i n  the 
Apal achi co l a  es tua r y  (Sher i  dan and 
L i  v i  ngston 1983). Macroi n f  aunal abundance 
o f  ten decl  i nes p r e c i  p i  t o u s l  y  du r i ng  
per iods of peak abundance o f  the  ch ie f  
s c i  aeni d  predators  (Mahoney and L i v i n g s t o n  
1987). 5uch c o r r e l a t i v e  r e s u l t s  suggest 
t h a t  f i shes  may have a d i r e c t  i n f l u e n c e  on 
the  in fauna l  assemblaqes through 
predat ion.  I n  grassbed areas, however, 
i n f  aunal biomass i s  not  a f f e c t e d  because 
l a rqe r  species (burrowing deeper i n  the 
sediments) are not  i n f l uenced  by such 
predat i on. Also, recen t  experiments 
i n d i c a t e  t h a t  macroi  nver tebra te  
assemblages i n  East Bay remain l a r g e l y  
unaf fected by p reda t ion  pressure from 
f i shes  i n  t he  l a t e  w in te r  and s p r i n g  and 
by m o t i l e  i n ve r t eb ra tes  (penaeid shrimp, 
b lue crabs) i n  the summer/fal l  (Mahoney 
and L i v i nqs ton  1982; L i v i  nqston unpubl . ). 
Thus, p reda t ion  does not  appear t o  p l a y  a 
dec i s i ve  r o l e  i n  t h e  r e g u l a t i o n  o f  prey 
dens i t y  or  macro inver tebra te  community 
s t r u c t u r e  i n  o l i g o h a l i n e  p o r t i o n s  of the 
estuary  du r i ng  per iods  o f  peak p reda t ion  
Dressure. 

One poss i b l e  exp lana t ion  o f  the  
apparent c o n t r a d i c t i o n  o f  the p reda t ion  
paradigm cou ld  l i e  i n  t he  r ec ru i tmen t  
p o t e n t i  a1 o f  the dominant in fauna l  
species. I n  a  se r i es  of experiments w i t h  
azo ic  sediments (i e .  , devoid of 
macro inver tebrates) ,  Mahoney (1982) found 
t h a t  in faunal  l a r v a l  r ec ru i tmen t  was a 
dec id inq  f a c t o r  i n  t he  aopul a t i o n  dynamics 



o f  va r ious  macroi nve r t eb ra te  species such macroi nver tebra tes  i n  t h e  f i e l d  were 
as S t r e b l  osp io  b e n e d i c t i  and Capi t e l l  a  manipulated us i ng  a  se r i es  of t reatments 
cap i  t a t a .  Such organisms are t h a t  i n vo l ved  exc lus ion  cages ( i  .em, 
cha rac te r i zed  by extreme1 y sho r t  1  if e predators  were kept ou t ) ,  i n c l u s i o n  cages 
cyc les.  Rapid r ep roduc t i on  and 1  a rva l  ( i  e . ,  predators  were re turned t o  
se t t l ement  cou ld  mask t h e  impact o f  exc lus ion  cages), and f i e l d  con t ro ls .  
phys i ca l  and b i o l o g i c a l  d is turbances,  These t reatments  were compared t o  
which are o f ten  impor tan t  f ea tu res  o f  l abo ra to r y  microcosms taken from t h e  
temperate es tua r i es .  Heavy l a r v a l  f i e l d .  P r e l  im inary  r e s u l t s  i nd i ca te  tha t ,  
r ec ru i tmen t  i s  n o t  always f 01 lowed by over a  6-week per iod  of observat ion, t he re  
predominance o f  a  g iven  species, however. were increased numbers of 
Other f a c t o r s  such as h a b i t a t  su i  t a b i  1  i t y  macro inver tebrates i n  t h e  1  abora to ry  
and competi t i  on cou ld  a1 so be imp1 i cated microcosms and exc lus ion  cages. Species 
i n  t h e  de te rm ina t i on  of community d i v e r s i t y  was reduced i n  such t reatments  
s t r uc tu re .  r e l a t i v e  t o  f i e l d  c o n t r o l s  and i n c l u s i o n  

cages. Thus p reda t ion  i n  po l yha l i ne  areas 
A t  va r i ous  l e v e l s  of b i o l o g i c a l  o f  h igh  macro inver tebrate d i v e r s i t y  and 

o rgan i za t i on  i n  t h e  estuary ,  t h e  dominant low dominance may a f f e c t  i n f auna l  
macro inver tebra te  popul a t i  ons are macro inver tebra te  community s t r uc tu re .  
o p p o r t u n i s t i c  and a re  i n f l u e n c e d  t o  The i n f l uence  of s a l i n i t y  on species 
va r y i ng  degrees by t h e  h i  gh p r o d u c t i v i t y  d i v e r s i t y  and r e l a t i  ve dominance cou ld  
and phys i ca l  i n s t a b i l i t y  o f  t he  system. thus be a  f a c t o r  i n  the  r e l a t i v e  i n f l uence  
Such popu la t ions  have adapted we1 1  t o  of p reda t ion  pressure on dominant 
h a b i t a t  i n s t a b i  1  i t y  and v a r i  ab i  1  i ty .  populat ions i n  var ious po r t i ons  of t h e  
Response t i m e  t o  d i s t u rbance  remains estuary.  In areas o f  low dominance, t h e  
1 i t t l e  understood, however. Recent i n f l u e n c e  o f  p reda t ion  may be enhanced 
experiments i n  p o l y h a l i n e  p o r t i o n s  o f  the r e 1  a t i  ve t o  01 i gohal i ne areas where 
bay system ( L i v i n g s t o n  e t  a l .  1983) dominance i s  n a t u r a l l y  high. I n  any case, 
i n d i c a t e  t h a t  s a l i n i t y  cou ld  be a  f a c t o r  few genera l i za t ions  of predat ion ef fects  
i n  t he  i n f l u e n c e  o f  p r e d a t i o n  on ben th ic  can be made w i t hou t  due cons iderat ion t o  
i n f  aun a1 assoc ia t ions .  I n f  aunal 1  oca l  h a b i t a t  condi t i  ons. 



CHAPTER 6 
LONG-TERM ECOLOGICAL RELATIONSHIPS 

A1 thouqh d i u r n a l  and seasonal chanqes 
i n  p o p u l a t i o n  and communi t,v s t r u c t u r e  i n  
t h e  e s t u a r y  are re1  a t  i ve l  y we1 1  documented 
( L i v i n q s t o n  1976b, 1977a, 1Q77d, 1478; 
L i v i n q s t o n  e t  a l .  1974, 1977), t h e  lonq-  
te rm b i o l o q i c a l  r e l a t i o n s h i p s ,  measured i n  
decader, a re  s t i  11 under c o n s i d e r a t i o n  
( L i v i n q s t o n  unpuhl ished data;  Apoendix A ) .  
Ceasonal chanqes i n  impor t  ant  ~ h y s i  c a l  and 
chemical f a c t o r s  are r e l a t i v e l y  s t a b l e  i n  
terms of t i m i n g  (F iqu res  9, I ? ) ;  however, 
t h e r e  i s  cons ide rab le  annual o r  year - to-  
year v a r i a t i o n  of such f a c t o r ?  (F iqu res  
1 1 1 5  1 ,  7  The c o u p l i n q  between 
c l i m a t o l o q i c a l  f ea tu res  such as r i v e r  f low 
and Innq- term chanqes i n  t h e  commercial 
catches of oys ters ,  shrimp, and crabs 
( M e ~ t e r  e t  a l .  1079) i s  o f ten  comp l i ca ted  
h v  socioeconomic i n f l u e n c e s  on such data  
(Whi t f  i e l d  and Reaumariaqe 1977). 

The qpcscif i c  s h o r t - t e r m  d i s t r i b u t i o n  
o f  a  q i vpn  snecic.5 i s  o f ten  assoc ia ted  
w i t h  c o m p l ~ x  hah i  t a t  variable? and t h e  
a v a i l a h l  i 1  i t y  o f  food. 4 t  the  same tirne, 
l ~ n q - t e r m  chanqw i n  a q i ven  p o p u l a t i o n  i n  
the e s t u a r y  may be i n f l uenced  by 
c l  i m a l n l o q i c a l  c v c l ~ s .  Thus, t he  month ly  
distribution of b r i e f  s q u i d  ( L o l l i n q u n c u l a  ------ 
h r ~ v i s )  depends t o  a  cons ide rab le  deqree -- 
on f%ctuat i ons of  m o p 1  ank t o n  abundance, 
hut  the t i m i n q  and annual abundance o f  
t h i s  spec ies  i s  a l r o  as5oc ia ted w i t h  
r c c u r r ~ n t  cvc1c.s of  s a l  i n i  t y  and 
t e m p ~ r a t u r e  (F iou re  79; I-auqh 1  i n  and 
L i v i n q s t o n  IQ97). q a r i n q  m i q r a t i o n  i n t o  
t h e  e s t u a r y  hac heen c o r r e l a t e d  w i t h  
s p e c i f i c  chanqcs i n  b o t h  temperature  anrl 
s a l i n i t y ,  w h i l e  the  fa1 1  e m i q r a t i o n  
1  a rqe l  v depends on t ~ m p e r a t u r e  chanqes. 
T iming of t h e  succession of  c l i m a t o l o q i c a l  
chanqes i s  impor tant  s i n c e  a  s p e c i f i c  
temperature  has e n t i r e 1  y d i f f e r e n t  
meaninqs t o  a q iven spec ies  i n  t h e  s o r i n q  
and i v  t h e  f a l l .  

Long-term p a t t e r n s  o f  b l u e  crab 
( C a l l  ---- i nectes sap i  dus) r e c r u i t m e n t  cannot 
be determined s o l e l y  by t h e  p h y s i c a l  and 
chemical  env i ronment  ( F i q u r e  40; L a u q h l i n  
and L i v i n q s t o n ,  unpub l . ) .  F o r  any q iven 
year, t h e  w i n t e r  r e c r u i t m e n t  was i n v e r s e l y  
r e l a t e d  t o  b l u e  c r a b  p o p u l a t i o n  abundance 
and t o  summer r e c r u i t v e n t  l e v e l s .  The 
v a r i a b l e  s i z e  1 (month1 y  mean f requenc ies  
o f  crabs o f  1-30 mm; T a b l e  24) was 
i n v e r s e l y  c o r r e l a t e d  w i t h  tempera tu re  (p . 
0.01) and w i t h  v a r i a b l e  s i z e  3 (month ly  
mean f requenc ies  o f  c rabs  6 1  mm) (P 
Cl.05). Yo s i q n i f i c a n t  c o r r e l a t i o n s  were 
found w i t h  r i v e r  f l o w  o r  l o c a l  r a i n f a l l ,  
which were a s s o c i a t e d  w i t h  peak 
r e c r u i  trnents a t  d i f f e r e n t  t imes  o f  the  
year. I n  a  m u l t i p l e  r e g r e s s i o n  w i t h  
v a r i a b l e  s i z e  1 as t h e  dependent v a r i a b l e  
(Tab le  25A, N = 12  months),  temperature,  
r a i n f a l l ,  and v a r i a b l e  s i z e  3 e x p l a i n e d  
about 89% of t he  v a r i a b i l i t y  o f  r e l a t i v e  
abundance. The v a r i a b l e  s i z e  2 was weakly 
c o r r e l a t e d  w i t h  a1 1  o t h e r  v a r i a b l e s  (Tab le  
25R). 10 a  m u l t i p l e  r e q r e s s i o n  w i t h  
v a r i a b l e  s i z e  3 as t h e  dependent v a r i a b l e ,  
temperature,  r i v e r  f l o w ,  s i z e  1 and s i z e  ? 
exp la ined  about 70% o f  t h e  v a r i  ab i  1  i t y  of 
r e 1  a t i  ve abundance (Tab1 e  75C). 

Win ter  r e c r u i t m e n t  was below t h e  
6-year averase (59 crabs/month)  i n  
1972-73, 1974-75 and 1975-75. A s i n g l e  
h i q h  peak, however, o c c u r r e d  i n  1973 and 
was c o r r e l a t e d  w i t h  t h e  h i q h e s t  peak of 
r i v e r  f l o w  o f  t h e  6-year  ~ e r i o d  ( F i g u r e  
40). Dur ing  t h e  w i n t e r  months o f  these 
years, r i v e r  f l o w  ( w h i c h  l a r g e l y  
determines s a l i n i t y  va lues  i n  t h e  e s t u a r y )  
reached h i g h  (1Q73), i n t e r m e d i a t e  (1975), 
and low (1076) va lues,  whereas water 
temperatures d e v i a t e d  l i t t l e  (+ l o  C )  f r om 
t h e  6-year temperature  mean (17.90 C ) .  By 
c o n t r a s t ,  summer r e c r u i t m e n t  f o r  each of 
these  years was w e l l  above t h e  &year 
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F i  y u r e  39. Long-term f l u c t u a t i o n s  of squ id  abundance, s a l i n i t y ,  and 
temperature  a t  s t a t i o n s  l A ,  lB, and 1 C  i n  t h e  Apa lach ico la  es tuary  f rom 
June 1972 t h r o u g h  March 1979 (Laugh1 i n  and L i v i n g s t o n  1982). 

average (51  crahs/month) and was n o t  
d i r e c t 1  y c o r r e l a t e d  w i t h  a b i o t i c  o r  
ohys ico-chemica l  f a c t o r s ;  summer r a i n f a l l  
v a r i e d  from m in ima l  (1976) t o  maximal 
(1975) va lues  and tempera tu re  v a r i e d  
1 i t t l e .  The t o t a l  p o p u l a t i o n  abundance 
( a l l  s i z e s )  f o l l o w i n g  t h e  w i n t e r  
r e c r u i t m e n t s  o f  1972-73, 1974-75, and 
1975-76 was above t h e  6-year average (59 
crabs/  month). 5umrner r e c r u i t m e n t  va lues  
were n o t  i n c l u d e d  i n  these  c a l c u l a t i o n s .  
41 t e r n a t i  v e l  y, w i n t e r  r e c r u i t m e n t  was 
above t h e  annual  mean i n  1973-74, 1976-77, 

and 1977-78, and was c o r r e l a t e d  w i t h  
r e l a t i v e l y  h i g h  (1974, 1977) and low 
(1978) w i n t e r  r i v e r  f low. Water 
temperatures were j u s t  above t h e  average 
i n  1974 and marked1 y low i n  1977 and 1978. 
Summer r e c r u i t m e n t  l e v e l s  and t o t a l  
p o ~ u l  a t i o n  abundance f o l l o w i n g  t h e  w i n t e r s  
o f  t hese  years were a l l  below t h e  6-year 
average. I n  f a c t ,  dramat ic decreases i n  
t o t a l  numbers o f  crabs occur red i n  1974 
and 1978. Again, none o f  these va lues was 
s i q n i f  i c a n t l y  c o r r e l a t e d  w i t h  any s i n g l e  
a b i o t i c  f a c t o r .  With the  e x c e p t i o n  o f  
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F i g u r e  40. Monthly f r equenc ies  of b lue  c r a b s  and v a r i a t i o n s  i n  impor tan t  
physicochemical  parameters  a t  t h e  10 day-time s t a t i o n s  i n  t h e  Apa lach ico la  
e s t u a r y  from March 1972 through March 1978 (Laughl in  and L i v i n g s t o n ,  
unpubl . I .  



Table 24. Paramet r i c  ( r )  and nonparametr ic (T )  c o r r e l a t i o n s  o f  seasonal v a r i a t i o n s  o f  
b l  ue crab f requeoc ies  and a b i o t i  c va r iab les .  Var iab les  represen t  monthly averages o f  
month ly  data f o r  7 years .  S a l i n i t y  and temperature means a re  baywide over 14 s t a t i o n s  
i n  t h e  Apa lach ico la  es tua r y  ( f r om  Laugh l in  and L i v i ngs ton  unpubl .) . C o r r e l a t i o n  m a t r i x  
- Seasonal v a r i a t i o n s  ( N  = 1 2 ) .  

Var iab les  S i ze  2 S ize  3 S a l i n i t y  Temperature R ive r  f l ow Rai n f  a1 1  

S i ze  1 r 0.323 -0.590" -0.616* -0.774** 
(1-30 mm) T  0.156 -0.554* -0.351 -1). 534** 

S ize  2 r 0.147 -0.526 -0.912 
(31-60 mrn) T  -0.015 -0.325 -0.294 

S ize  3 r 
(60  mm) T  

S a l i n i t y  r 
T 

Tab1 e  25. Mu1 t i p l e  stepwise regress ion  o f  seasonal v a r i a t i o n s  o f  
f requencies o f  b l ue  crabs from th ree  s i z e  groups and a b i o t i c  
va r i ab l es  (N=12 months ). Var iab les represent  mean monthly averages 
u s i n g  7-year data. S a l i n i t y  and temperature means are baywide over 
14 s t a t i o n s  i n  the Apalachico la  es tuary  ( f rorn Laugh l in  and 
L i v i n g s t o n  unpubl ). 

A. Dependent var i abl e  S i ze  ( <  30 mm carapace w id th )  
Step Var iab les  e n t e r e d  ~2 S ign i f i cance  
1- 

- 
temper a t  ure 0.559 0.003 

2 r a i n f a l l  0.800 0.001 
3 s i z e  2(31-50 mm) 0.890 0.r)OOl 
4 s i z e  3( 60 mm) 0.908 0.001 

B. Dependent v a r i a b l e  S i ze  2 31-50 mm) 
Step Var iab les  entered R ~i q n i f  i cance 
1 r i v e r f  l ow 0.323 0.054 
2 s i z e  3( 60 rnm) 0.348 0.146 ( N . S )  
3 s i z e  1 (1-30 mm) 0.430 0.191 (N.S) 

C. Dependent var i ab le  S ize  3 ( >  60 mm) 
Step V a r i a b l e  en te red  R ?  S ign i f i cance  
1 temoerat ure- 0.478 0.013 
2 r i  v e r f  1 ow 0.570 0.022 
3 s i z e  l (1-30  mm) 0.550 0.028 
4 s i z e  2(31-50 mm) 0.704 0.048 



1978, years w i t h  h i g h  l e v e l s  o f  w in te r  
r e c r u i t m e n t  were preceded b y  years o f  h i qh  
popul a t  i o n  abundances; however, t h e  
oppos i te  was no t  t r u e  f o r  w in te r s  o f  low 
rec ru i tments .  

U n l i k e  t h e  b r i e f  squid, t he re  was no 
s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  between 
b l u e  c r a b  popul a t i  on parameters and 
a b i o t i c  f ac to r s .  I n c l u d i n g  I-, ?-, and 
3-month t i m e  l ags  of the  a b i o t i c  v a r i a b l e s  
d i d  not improve such 1  inear  r e1  a t i onsh ips .  
However, fo r  a  g iven  year, t he re  was a  
s i g n i f i c a n t  i n ve r se  c o r r e l  a t i o n  between 
w i n t e r  r ec ru i tmen t  and t he  f o l  l ow inq  
summer r e c r u i t m e n t  ( p  < 0.1). I n  o t he r  
words, i n  any q i ven  year, above-average 
w i n t e r  r e c r u i t m e n t  was u s u a l l y  f o l  lowed by 
a  sharp decrease i n  t o t a l  popu la t i on  and 
by  low summer rec ru i tment  l e v e l s .  
Conversely, r e 1  a t i  v e l y  h i  qh popu la t i on  
abundances and h i qh  l e v e l s  o f  summer 
r e c r u i t m e n t s  f o l l o w e d  w in te r s  of low 
r e c r u i t m e n t  1  eve1 s. Thus, long-term 
popu la t i on  f ea tu res  o f  these dominant 
i n v e r t e b r a t e  spec ies ( b r i e f  squid and b l ue  
c rabs)  a r e  dependent on d i f f e ren t  fac to rs .  

Temporal v a r i a b i l i t y  i s  ex t reme ly  
complex since, a t  any g iven  ins tan t ,  a  
n a t u r a l  system represen ts  a  composite or 
d i f f e r e n t  sequences of v a r y i  nq per iods  
superimposed over one another as t h e  
r e s u l t  o f  an almost i n f i n i t e  number o f  
cause-and-eff e c t  reac t ions .  Determin ing 
c a u s a l i t y  i s  d i f f i c u l t  because these 
ove r l app inq  cyc l es  may d i f f e r  a lonq  
h a b i t a t  q r a d i e n t s  and a t  d i f f e r e n t  l e v e l s  
o f  b i o l  o q i c a l  o rqan i  za t  ion. Consequently, 
t h e  term "backqround noise" has become a  
euphemism f o r  our  i n a b i l i t y  t o  determine 
the tempora l  or  sequen t ia l  cause and 
e f f e c t  r e l a t i o n s h i p s .  Model ing e f f o r t s  
o f t e n  assume t h a t  systems a re  i n  a  s t a t e  
o f  equi  1  i h r i  urn, w i t hou t  def i n i  nq t h e  
a c t u a l  e x t e n t  o f  temporal v a r i a b i l i t y .  
Terms such as s t a b i l i t y ,  r e s i l i e n c e ,  and 
d i v e r s i t y  a re  used t o  q i ve  a  t h e o r e t i c a l  
framework t o  what i s  e s s e n t i a l l y  a  l a ck  o f  
c o n s i s t e n t  observa t ions  of orqanisms under 
f i e l d  cond i t i ons .  

Annual v a r i  ab i  1  i t y  amonq dominant 
f i s h  popu la t i ons  i n  t he  Apa lach ico la  
e s t u a r y  was cons iderab le  (F igure  41). 
Each spec ies  f o l l o w e d  a  d i s t i n c t ,  long- 
te rm p a t t e r n  of abundance; no s i n q t e  

aspect o f  t he  phys i ca l  environment was 
apparent as the  c o n t r o l l i n q  f a c t o r  o f  the 
1 ong-term changes. Ray anchovies were 
most dominant d u r i n g  per iods  of h i gh  
s a l i n i t y .  The sand s e a t r o u t  popu la t i on  
tended t o  f o l l o w  t h e  anchovy p a t t e r n  w i t h  
p a r t i c u l a r l y  low numbers du r i ng  t h e  .year 
o f  peak f l o o d i n g  when anchovies were a lso  
low (1973). The A t l a n t i c  croaker  f o l l o w e d  
no obvious p a t t e r n  r e 1  a t i  ve t o  temperature 
o r  s a l i n i t y .  Spot showed t he  h i ghes t  
year- to-year  v a r i  ab i  1  i t y  w i t h  r e1  a t i  v e l y  
h i gh  numbers taken d u r i n g  t he  w i n t e r -  
s p r i n g  months of 1981. The co l d  w in te r s  
o f  1976-77 and 1977-78 d i d  no t  appear t o  
a f fec t  any o f  t h e  dominant f i s h  
popu la t ions  i n  t h e  Apal ach i co l  a  estuary .  
I t  i s  c l e a r  t h a t  f a c t o r s  o ther  than 
temperature and s a l i n i t y  are impor tan t  i n  
t h e  c o n t r o l  of long- term f l u c t u a t i o n s  of 
these populat ions.  

41 though qeneral  i z e d  temperature and 
s a l i n i t y  preferences a re  w e l l  e s t ab l i shed  
f o r  var ious es tua r i ne  spec ies (Table 17), 
most such organisms have a  r e 1  a t i v e l y  wide 
t o l e rance  f o r  these f a c t o r s .  Tolerance of 
t h i s  k i n d  cou ld  e x p l a i n  t h e  l ack  of 
importance o f  these f a c t o r s  i n  the  
de te rmina t ion  o f  long- term popu la t ion  
v a r i a b i l i t y  (Table 73). When viewed from 
t h e  aspect o f  r e 1  a t i  ve (percentage) 
abundance, a  c e r t a i n  temporal  r e g u l a r i t y  
o f  the  appearance o f  t h e  dominant f i shes  
and i nve r t eb ra tes  becomes apparent 
( L i v i ngs ton  e t  a l .  1976b; F i g u r e  42). For 
example, r e 1  a t  i ve occurrence of 
Palaemonetes p u g i o  i s  h i g h  du r i nq  s p r i n g  
w h i l e  Penaeus s e t i f e r u s  was dominant 
du r i na  l a t e  summer and f a l l .  The b lue  
c rab  ' i s  abundant d u r i n g  w i n t e r  per iods.  
4mong the f i shes ,  sand sea t rou t  are 
dominant du r i ng  t h e  s p r i n g  and summer 
w h i l e  bay anchovies ( a f t e r  t he  f i r s t  year 
o f  sampling) predominate i n  t h e  f a 1  1  and 
A t l a n t i c  croaker p r e v a i l  du r i ng  t he  l a t e  
w i n t e r  and spr ing.  When a  comparison i s  
made among t h e  dominant f i s h e s  f o r  peaks 
o f  abundance, such increases tend t o  be 
even ly  d i s t r i b u t e d  over a  12-month per iod .  
However, o f  the t o p  i nve r t eb ra tes ,  most 
abundance peaks occur d u r i n g  f a1 1  pe r i ods  
( September-November) w i t h  secondary 
concen t ra t ions  o f  peaks du r i ng  e a r l y  
summer (May-June) . The major  dominants 
f o r  bo th  f i s h e s  and i n v e r t e b r a t e s  thus 
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Figure 42 .  R e l a t i v e  importance o f  four  dominant species o f  i n ve r t eb ra tes  
and f i s h e s  taken i n  the Apalachico la  Bay system from March 1972 through 
February 1975. These species represen t  82.4% and 86.0% o f  the r espec t i ve  
3 -y r  t o t a l s  ( L i v i n g s t o n  e t  a l .  1976). 

show d i s t i n c t  pa t t e rns  o f  r e l a t i v e  
abundance throuqh a g iven  seasonal per iod.  

Var ious independent eco l og i ca l  
f a c t o r s  operate t o  determine t he  temporal  
d i s t r i b u t i o n  of the dominant es tua r i ne  
organisms. S i o l o q i c a l  funct ions,  such as 
adap t i ve  response t o  the phys ica l  and 
t r o p h i  c  en v i  ronment , determine 
d i s t r i b u t i o n a l  pa t t e rns ,  thereby a1 low inq  

a somewhat o r d e r l y  t e m ~ o r a l  succession o f  
dominant forms w i t h i n  c e r t a i n  broad 
t r o p h i c  spectra.  Pa t t e rns  o f  r ep roduc t i on  
o f  var ious dominant e s t u a r i n e  species have 
evolved i n  such a way as t o  permi t  fons- 
term p a r t i  t i  oning of the  es tua r i ne  
environment. Superimposed on t+ese 
pa t t e rns  of response are v a r y i n q  l e v e l s  of 
resource d i v i s i o n  based on v e r t i c a l  and 
h o r i z o n t a l  d i s t r i b u t i o n  o f  the  component 



species. Various microhabi  t a t  phenomena 
such as s a l i n i t y ,  bot tom type, cu r ren ts ,  
and t h e  a v a i l a b i l i t y  o f  d e t r i t u s  and f o o d  
are impo r t an t .  Thus, no s i n g l e  parameter 
~ r e v a i  1 s  i n  the  de te rm ina t i on  o f  t h e  
community s t r u c t u r e  o f  the  e s t u a r , ~ ,  which 
i t s e l f  undergoes u r e d i  c t a b l  e  seasonal 
chanqes as p a r t  o f  a  p h y s i c a l l y  f o r c e d  
system. 

91though t h e r e  are apprec iab le  sho r t -  
term f l u c t u a t i o n s  i n  t he  numbers of 
i n d i v i d u a l s  of d i f f e r e n t  popu la t ions ,  t h e  
system ma in ta ins  a  temporal  constancy 
which, accord ing t o  a t r a d i t i o n a l  view o f  
such phenomena, coul  d be termed s t a b i  1  i t y .  
This does not  mean t h a t  the  system i s  n o t  
i n  a  c o n s t a n t l y  t r a n s i e n t  s t a t e .  On t h e  
cont rary ,  through n a t u r a l  and unna tu ra l  
mechanisms such as h a b i t a t  a1 t e r a t i  on and 
des t r uc t i on ,  hu r r i canes ,  c o l d  w in te rs ,  and 
p e r i o d i c  f l ood ing ,  t he  va r i ous  popu la t i on  
e q u i l i b r i a  cont inuous1 y s h i f t .  Each 
popu la t i on  f l u c t u a t e s  around a  s p e c i f i c  
p o i n t  o f  e q u i l  i b r i  urn, and t h e  f 1  u c t u a t i  ons 
r e f l e c t  the  adap t i  ve response t o  t h e  
s p e c i f i c  aspects o f  t h e  e s t u a r i n e  
env i ronment . 

The Apal ach i co l  a  es tua r y  i s  
p h y s i c a l l y  uns tab le  i n  t ime  b u t  i s  

character ized by ep i  benth ic  popul a t i  ons 
which ma in ta in  r e l a t i v e l y  s tab le  temporal  
i n t e r s p e c i f i c  r e l a t i onsh ips .  The dominant 
f i s h e s  and inver tebra tes  are temporar i  1 y 
p a r t i t i o n e d  i n  time. P a r t i c u l a r  groups o f  
f i shes  tend t o  co-occur (F igure 43). 
Generally, t h ree  main c l us te r s  were 
arranaed around the  to^ dominants, Anchoa 
m i t c h i l l i  ( I ) ,  ~ i c r o ' p o ~ o n i a s  u k d m  
m d  Cynoscion arenarius (I- 
anchovy group i s  abundant dur inq t he  f a 1  1 .  
The ~ i c r o ~ o ~ o n i a s  group 
dur ing  w in te r  and e a r l y  spr ing per iods, 
and t he  Cynoscion group p reva i l s  dur ing  
t he  summer and e a r l y  f a l l .  

Studies are cu r ren t l y  be ing 
undertaken t o  model the response o f  the 
major groups of f i s h  w i t h  respect t o  
phys ica l  s t ress,  abundance o f  p rey  
(Mahoney and L i v i ngs ton  1982; L i v i ngs ton  
e t  a l .  1983), long-term changes of 
concurrent popul a t i  ons, and experimental  
manipulat ions o f  a  v a r i e t y  o f  assoc ia t ions 
w i t h i n  the estuary  (L iv ingston e t  a l .  
1983; L iv ingston,  unpubl. ; Appendices A,  
B, C ) .  These s tud ies  w i l l  be based on 
occurrence pa t te rns  over a  12- t o  13-year 
per iod.  



Similarity 

- 
Anchoo mIfchil/i 
Etropus crossotus 
Symphurus plogiuso 
Dasyolis sobino 

- 
Pr~onofus tribulus 

L Lepisosteus osseus - --------- 

Oorosorno pefenense --- 

Trlnectes maculotus 
- 

Goblosomo borcl 

Gobionol/us boleosoma 

- 
Cynosclon orenor~us 
A rrus Ielis ---------3 
Hbnttcrrrhus omerrconus -- 
Synodus foetens ---- 

Chloroscombrus chrysurus -- 

Psprilus poru - 
-1 

r Syngnothus ftor~doe - - - , 

L Cynoscron ncbulosus 
Pr~onotus satu~us - - i 

Ba~rd~e l lo  chrysuro - 
Sphosroides nafi5elus -- -- --J 
Orlhoprislis chrysoptero - - - - 
Porlchthys porosiss~rnus ------ - 

Anchoo hepsetus ---- - - - 
Monocanfhus hispidus - - -3 

Figure 43. Temporal assoc ia t ions  of f i shes  taken in Apal achicol a 
estuary from March 1972 t o  February 1976. Only top 45 spec ies  i n  
terms of t o t a l  numbers of individual s a r e  shown. Clusters  represent  
spec ies  t h a t  occur together from one year  t o  the next (Livingston e t  
a l .  1978). 



CHAPTER 7 
THE ESTUARY AS A RESOURCE 

7.1. FISHERIES 

There a r e  r e l a t i v e l v  few s t u d i e s  of 
f i s h e r i e s  i n  t h e  A p a l a c h i c o l a  R i v e r  
system. E a r l y  su rveys  (Cox and Auth, 
1070-1973) of t h e  upDer Apa l  a c h i c o l a  R i v e r  
no ted  i n c r e a s i n q  s t r e s s  t o  v a r i o u s  soec ies  
of  f i s h e s  as a  r e s u l t  o f  p h v s i c a l  
a1 t e r a t i o n s  such as damminq, dreda ing,  and 
e u t r o p h i c a t i o n .  5 t u d i e s  of s t r i p e d  bass 
(Ba rku loo  1967, 1970; C ra teau  e t  a l .  1981) 
i n d i c a t e d  t h a t ,  be fo re  t h e  c o n s t r u c t i o n  o f  
t h e  J i m  Woodruf f  Dam (1955) a t  t h e  
con f l uence  of  t h e  F l i n t  and Chattahoochee 
R i v e r s ,  t h e r e  was a  v i a b l e  s p o r t  f i s h e r y  
f o r  s t r i p e d  bass i n  t h e  A p a l a c h i c o l a  
R i v e r .  S ince  t h a t  t ime, t h e  s t r i p e d  bass 
f i s h e r y  has d e c l i n e d  " d r a s t i c a l l y . "  The 
dams i n  Georg ia  ( F i g u r e  4),  t o q e t h e r  w i t h  
d r e d q i n g  and s p o i l  d e p o s i t i o n  a long  t h e  
uooer Apal  a c h i c o l a  R ive r ,  have e l  i m i n a t e d  
spawninq grounds i n  t h e  F l i n t  and 
Chattahoochee R i v e r s .  P e s t i c i d e s  f rom 
a q r i  c u l  t 1 1 r a 1  r u n o f f  and i n d u s t r i  a1 
e f f  1  uents  ( L i v i n g s t o n  1984b) a re  a1 so 
susuected o f  r e d u c i n q  t h e s e  p o p u l a t i o n s .  
The n a t i v e  G u l f  o f  Mexico r a c e  of s t r i p e d  
bass, once wi  desoread th roughou t  t h e  
r i v e r s  of t h e  n o r t h e r n  gu l f ,  i s  now 
l i m i t e d  t o  a  s m a l l  p o p u l a t i o n  i n  t h e  
A p a l a c h i c o l a  R i v e r .  Recent s t o c k i n q  of 
A t l a n t i c  c o a s t  s t r i p e d  bass has f u r t h e r  
d i l u t e d  t h e  q u l f  s t r a i n  and has r e s u l t e d  
i n  o n l y  l i m i t e d  success (Crateau e t  a l .  
1981).  Wooley and Cra teau  ( l Q R 3 )  conc lude 
t h a t  t h e  n a t i v e  A p a l a c h i c o l a  s t r i p e d  bass 
r e p r e s e n t  t h e  o n l y  e x i s t i n g  remnant of a  
p o p u l a t i o n  t h a t  h i s t o r i c a l  l y  was p r e s e n t  
i n  numerous G u l f  o f  Mex ico dra inages.  F o r  
t h i s  reason, t h e  a u t h o r s  recommend 
c o n s e r v a t i o n  o f  t h e  e x i s t i n g  s t o c k  as a  
'gene bank. " 

A commercial  c a t f i s h  f i s h e r v  s t i l l  
e x i s t s  a lonq  t h e  Apal  a c h i c o l  a  R i v e r .  

Yowever, M i l l e r  e t  a l .  (1977) c i t e  s t u d i e s  
t h a t  r e l a t e d  snagqinq ( i .e. ,  stump removal 
from the r i v e r  bed f o r  n a v i g a t i o n )  t o  t h e  
d e c l i n e  of  the commercial c a t f i s h  h a r v e s t  
from the r i v e r .  Th i s  a c t i v i t y ,  t o q e t h e r  
w i t h  t h e  massive excava t ion  and 
maintenance a c t i v i t i e s  assoc ia ted  w i t h  
n a g i v a t i o n  p r o j e c t s  ( F i q u r e  44), has 
reduced o r  modi f  i e d  t h e  r i  ve r ine  h a b i t a t  
s u b s t a n t i  a l l y  ( M i l l e r  e t  a l .  1977). 
Qecent s t u d i e s  o f  the  A p a l a c h i c o l a  R i v e r  
(Aqer e t  a l .  1984) i n d i c a t e  t h a t  sand ba rs  
and s p o i l  d isposa l  s i t e s  a r e  now common 
throughout  the r i v e r ;  i n  t h e  upper r i v e r ,  
t h e  gent1 y  s l o p i n q  n a t u r a l  bank h a b i t a t  
has become "scarce" because o f  d redq inq  
a c t i v i t i e s  over the  pas t  30 years (Aqer e t  
a l .  1984). I t  has been p r o j e c t e d  t h a t ,  
because of  such h a b i t a t  a1 t e r a t i o n s ,  t h e  
f i s h  species compos i t ion  w i l l  con t i nue  t o  
s h i f t  from game species ( c h a r a c t e r i s t i c  o f  
n a t u r a l  h a b i t a t s )  t o  rough and foraqe 
soecies ( c h a r a c t e r i s t i c  o f  sand-bar 
h a b i t a t s ) .  T h i s  l oss  of  h a b i t a t  has a l s o  
been assoc ia ted w i t h  t h e  r e c e n t  d e c l i n e  o f  
t he  s turqeon f i s h e r y .  Acco rd i  nq t o  r e c e n t  
s t u d i e s  (Wooley and Crateau 1982), F l o r i d a  
s turqeon land inqs i n  t h e  A p a l a c h i c o l a  
R i v e r  have d e c l i n e d  r a o i d l  y (U.S. 
Department o f  Commerce 1976 l a n d i n q  
s t a t i s t i c s )  r e l a t i v e  t o  n e i q h h o r i n q  q u l f -  
coast  r i v e r s .  The f i s h e r y  e f f e c t i v s l y  
ended i n  1970 when o n l v  f i v e  f i s h  were 
taken. The Apal a c h i  c o l  a  s tu rqeon  
p o p u l a t i o n  appears t o  be i n  t r o u b l e ,  
a l thouqh i t  i s  b e l i e v e d  t h a t  a t  l e a s t  a 
r e l i c t  s turaeon p o ~ u l a t i o n  s t i  11 remains 
i n  the Apa lach ico la  R i v e r .  Recent ly ,  
lrlooley e t  a l .  (1982) r e p o r t e d  t h e  f i r s t  
recorded cap tu re  of a  l a r v a l  q u l f  s tu rqeon  
about 3.3 km below the  J i m  Woodruff Dam i n  
May, 1977. Woolev and Crateau (1987) 
r e p o r t e d  t h a t  r e l a t i v e l y  few s tu rqeon  
(35-40) were harvested b y  a n q l i n q  d u r i n q  
1981. 4n impor tant  spawninq area has been 



cont inues ,  and t h e r e  js little b o p  of a  
r e t u r n  t o  former levels O F  o r o d ~ c t j v i t y  of 
t he  once-viable f reshwater  C i s h e r  ies .  

F iqure  44. Oredqe spoi l  bank alonq the  
Apal ach ico l  a  River--a r e s u l t  of channel- 
maintenance e f f o r t s  of t he  U.5.  9rmy Corps 
of Enqineers .  Note dead t r e e s  in what was 
once t h e  r i v e r  f l oodp la in .  

l oca t ed  i n  the upper Apalachicola a t  the 
end of the usual spr inq f loodinq.  Recent 
s t u d i e s  (Wooley and Crateau 1984 i n  
rev iew)  i nd i ca t e  seasonal miqrat i  ons of 
s tu rqeon  between freshwater  and e s t u a r i n e  
p o r t i o n s  of the Apalachicola system. A 
s t ronq  homestream tendency i s  apparent . 

The t a i lwa t e r s  of the  Jim Woodruff 
Dam s t i l l  support some spor t  f i s h i n q  i n  
t h e  sp r inq ,  especia1l.v f o r  t h e  white bass 
(Moron? chrysops) and the  hybrid o r  

s a x a t i l i s  x M. sunsh ine  bass (z, - 
chrysops) .  Larqemouth bass and various 
forms of bream and she l l c r acke r s  a r e  a l so  
important  spor t  f i she s .  The yellow perch 
(Perca  f  1  avescen2-) i s  taken occasiona1l.y 
bv f reshwater  fishermen. The Alabama shad 
(Alosa ----- alabamae) i s  t he  most ahundant 
anadromous f i s h  along the r i v e r .  As 
po in ted  out by Mil ler  e t  a l .  (19771, the 
qenera l  dec l ine  of the f r e s h w a t ~ r  
f i s h e r i e s  i s  i nev i t ab l e  i f  h a h i t a t  
d e s t r u c t i o n  alonq the  r i v e r  continues. 
Yabi t a t s  a r e  destroyed by dredqinq and 
channe l i za t i on ,  damminq, urban and 
a q r i c u l t u r a l  runoff ,  t ox i c  substances,  and 
o t h e r  forms of r i ve r  modif icat ion.  There 
i s  a  need f o r  a  comprehensive assessment 
of t h e  current  s t a t u s  of the Apalachicola 
River f i s h e r i e s  and t he  cur ren t  and f u t u r e  
e f f e c t s  of r i v e r  modif icat ions and h a b i t a t  
l o s s  on such product ivi ty .  Yowever, as of 
t h i s  wr i t i ng ,  the channel iza t ion  of the 
upper Aoalachicola River by dredqinq and 
rock removal f o r  navi qa t i  on purposes 

The commercial f i s h e r i e s  of t he  
A ~ a l a c h i c o l a  Bay system a r e  d iverse  and 
subs t an t i  a1 . Accordi n g  t o  the  summaries 
of commercial marine landinqs i h  Franklin 
County (F lor ida  Department of Natural 
Resources, 1452-1976) and anal yses of 
p ro j ec t i ons  of co~nmerci a1 popu1 a t i ons ,  
t h e r e  i s  considerable  annual va r i a t i on  of 
such landings over t h e  period of 
observat ion (1952-1977) (Cato and 
Prochaska 1977). Shrimp, toget  her wi t h  
oys t e r s  and blue c rabs ,  provide over 80% 
of the annual catch t7.y weiqht.  Slack 
mullet  and qrouper c c ~ n t r i b u t e  almost 14% 
of the remaining catch.  Whi t i  ng, 
menhaden, f  1 ounder, red snapper,  and 
spot ted  s ea t rou t  a l l  con t r i bu t e  t o  t he  
ove ra l l  landinqs. I n  terms of t o t a l  
value,  shrimp (53.9%), o y s t e r s  (33%),  and 
blue crabs (5.1%) c o n s t i t u t e  the  backbone 
of the commercial f i s h e r y  value in  
Frank1 i n  County, which i t s e l f  accounts f o r  
over 90% of F l o r i d a ' s  oys t e r  landinqs and 
t he  t h i r d  highest  ca tch  of shrimp 
s ta tewide .  

The oys te r  f i she r , y  in  t he  
Apal achicol a  e s tua ry  has h i s t o r i c a l  
s i q n i f  icance (Swift  1 Ruge 1897; 
Danglade 1917).  Many of the  h i s t o r i c  
observat ions were s i m i l a r  t o  t oday ' s  i n  
t h a t  f loods  and droughts have an important 
impact on the  v i a b i l i t y  of individual  
oys t e r  bars.  The present  d i s t r i b u t i o n  of 
oys t e r  bars does not d i f f e r  s u b s t a n t i a l l y  
from t h a t  depicted on maps produced d u r i n g  
t h e  e a r l y  part  of t h i s  cen tury  (Whitf ie ld 
and Beaumari aqe 1977). However, the  
cu r r en t  maps (F iqure  20) need t o  be 
updated, as they a r e  based l a r g e l y  on 
obso l e t e  surveys. Commercially valuable  
o y s t e r  bars  c u r r e n t l y  cover only half the  
a r ea  est imated t o  be a v a i l a b l e  a t  the  t u rn  
of the century. Shel l  p lan t ing  with 
"cu l tch"  or shucked s h e l l s  has proven t o  
be a  successful  management technique f o r  
encouraging oys te r  bar devel opment 
(Whi t f  i e l d  1973). 4pproximately 40% of 
t h e  Apal achicola  Bay area i s  s u i t a b l e  f o r  
growing oys te rs  i f  cul tched in an 
app rop r i a t e  manner (Whi t f  i e l d  and 
Beaumari age 1977). The ac tua l  and 
oo t en t i  a1 p roduc t iv i t y  has been a t t r i b u t e d  
t o  the  unique geographical and ohysical 



a t t r i b u t e s  o f  the  l a r g e l y  unpo l l u t ed  
Apal ach i co l a  dra inage system. More 
s a n i t a r y  ( s a f e )  h a r v e s t i n g  waters f o r  
oys te r s  e x i s t  i n  the  Apal a c h i c o l a  es tua r y  
than i n  any o t h e r  F l o r i d a  estuary .  
Considerable suppor t  e x i s t s  f o r  t h i s  
i n d u s t r y  as a  r eq i ona l  and s ta tew ide  
n a t u r a l  resource.  Th i s  f a c t ,  added t o  
r ecen t  i n f o r m a t i  on t h a t  t h e  Apal ach i co l a  
Bay system appears t o  be a  major spawning 
o r  source area f o r  t h e  e n t i r e  F l o r i d a  G u l f  
b l u e  crab f i s h e r y  ( Q e s t e r l  i n q  and Ev ink 
1977), has s t i m u l a t e d  var ious  research 
i n v e s t i g a t i o n s  concern ing f u t u r e  f i s h e r y  
p o t e n t i  a1 . 

The o v e r a l l  Apa lach ico la  f i s h e r y  
resource has grown subs tan t  i a1 l y  over t h e  
pas t  decade. Dur ing  t he  p e r i o d  f rom 1977 
t o  1981, a l l  p rev ious  oys te r  p roduc t i on  
records were broken on an annual b a s i s  
(Joyce 1983). The r e c o r d  land ings  were 
due l a r g e l y  t o  an i nc rease  i n  t h e  f i s h i n g  
e f f o r t  (Prochaska and Mu1 key 1983), 
al though new1 y i n s t i t u t e d  programs o f  
summer o y s t e r i n g  (1977) and an oys te r  
r e l a y  program (Fu tch  1983) have added t o  
t he  annual crop. A1 though o y s t e r  
p roduc t ion  has increased t o  41% o f  t h e  
t o t a l  F rank l  i n  County landings,  t h e  
r e l a t i v e  va lue o f  t he  oys te r  crop has 
dec l ined  t o  36%, p a r t l y  as a  r e s u l t  o f  
increased coun ty  shrimw land ings  and 
cons iderab le  inc reases  i n  shrimp p r i c e s  
(Prochaska and Mulkey 1983). S lue crabs 
c o n s t i t u t e  about 5% o f  t he  t o t a l  value o f  
the  commercial f i s h e r y  i n  F rank l  i n  County. 
O f  t he  commercial f i n f i s h  catch, s t r i p e d  
m u l l e t  (Mug1 cephalus)  i s  t h e  most 
impor tant .  Grouper, menhaden, and whi t i n q  
are also taken, a l though t h e  commercial 
f i n f i s h  i n d u s t r , ~  has dec l i ned  i n  r ecen t  
years ( L i v i ngs  t o n  1 9 8 3 ~ ) .  

Sport  f i s h i n g  i n  t he  Apa lach i co l a  Say 
system remains l a r q e l y  undeveloped, 
al though t h e  p o t e n t i a l  e x i s t s  f o r  a h i g h l y  
p roduc t i ve  i ndus t r y .  Spor t  f i s h e r i e s  
assoc ia ted w i t h  t h e  e s t u a r y  i n c l u d e  
spot ted s e a t r o u t  (C nosc i  on nebul osus), 
red  drum (~c iaenop?%GTEtus)  t a rpon  

a t 1  a n t i  dus),s;eepshead 
us p roba toce  h l u s ) ,  b lack  drum 

(- e d  f l o u n d e r  
(Para1 i ch thys  spp. ). F ishes taken o t t  t n e  
b a r r i e r  i s l a n d s  and A1 1  i gato r  P o i n t  
i nc lude  var ious  spec ies o f  sharks, cob ia  
(Rachycentron canadum), b l u e f i s h  

( Pomatomus sa l  t a t r i  x), r e d  snapper 
(Lu t janus  campechanus), and d i f f e r e n t  
soec ies of arouper. The d e v e l o ~ n e n t  of 
a r t i f i c i a l  o f fshore ree fs  i n  the  reg ion  
cou ld  add cons iderab ly  t o  t h e  cont inued 
development o f  spor t  f i s h e r i e s  i n  the  
area. 

7.2. SOCIOECONOMIC FACTORS 

The Apa lach ico la  v a l l e y  depends t o  a  
cons iderab le  degree on a  r a t h e r  narrow 
economic base. A land-use i nven to r y  
(Table 76)  i s  i n d i c a t i v e  o f  the  r eq i ona l  
socioeconomic condi ti ons . F o r e s t r y  and 
a q r i c u l t u r e  account f o r  n e a r l y  80% o f  the 
l and  use i n  t he  basin. Forest ry ,  
a q r i  c u l  tu re ,  spo r t  and comrnerci a1 
f i s h e r i e s ,  rec rea t ion ,  and l i q h t  
manufac tu r inq  are t he  c h i e f  i n d u s t r i e s  o f  
the  req ion.  IQ F r a n k l i n  and Gu l f  
Count ies, commerci a1 and i n d u s t r i a l  land 
use a re  o n l y  0.9% and 0.4% of the t o t a l  
area, r espec t i ve l y .  I n  the  e n t i r e  r i v e r  
basin,  t he  popu la t i on  was 109,254 i n  1974, 
w i t h  o n l y  modest p ro jec ted  increases f o r  
t h e  nex t  10-20 years. Per c a p i t a  income 
i s  low, averaqing o n l y  65% o f  the s t a t e  
l e v e l  i n  1974. Despi te  a  h i s t o r i c  t rend  
o f  emiq ra t ion  o f  workers, the  na tu ra l  
f e a t u r e s  o f  the  r i v e r  and bay system 
con t inue  t o  a t t r a c t  new res idents ,  
e s p e c i a l l y  i n  t h e  coas ta l  areas. The 
Apal ach i co l  a  system con t r i bu tes  an 
impor tan t  p a r t  o f  the  r eq i ona l  economy and 
c u l t u r e ,  w i t h  unique soc i o l og i ca l  
cond i t i ons  charac te r i zed  by the c lose 
r e 1  a t i o n s h i p  between the  na tu ra l  a t t r i -  
butes o f  t h e  drainage system and the  l o c a l  
i nhab i t an t s .  The s l i g h t  i nvestnent needed 
t o  m a i n t a i n  the  r i c h  renewable resources 
of t h e  area i s  an impor tant  f a c t o r  i n  anv 
r ev i ew  o f  t he  value (economic and 
c u l t u r a l  ) o f  the  na tu ra l  p r o d u c t i v i t y  of 
t h e  va l l e y .  

F r a n k l i n  County, which surrounds the 
Apa lach i co l a  Bay System , has a  r e l a t i v e l y  
1  i r n i  t e d  scope of emplo.ment wi tcl pr imary 
dependence on products from the aquat ic  
resource  base and t o u r i  s t  expenditures 
(Co lberg  e t  a1. 1968). Commerci a1 
f i s h e r i e s  a lone prov ide jobs f o r  over 65% 
o f  t h e  F r a n k l i n  County work force. 
F i s h i n g  i s  an "expor t "  i n d u s t r y  fo r  
Fran k l  i n  County because p r a c t i c a l  1.y a1 1 
sa les  are ou t s i de  the r eq i on  (Prochaska 
and Mulkey 1983). Export  sa les t r i q g e r  a  



Table  26. Land use i n v e n t o r y  o f  t h e  Apa lach ico la  9 i v e r  b a s i n  ( f rom F l o r i d a  D e ~ a r t r n e n t  
o f  A d m i n i s t r a t i o n  1977). 

 count^ -- T o t a l  
Land use - -- Gulf L i b e w J a c k s o n  -- ------ Gadsden F r a n k f i n  ( s q u a r e  -- m i  1  es) - 

Low d e n s i t y  
r e s i d e n t i a l  2.50 0.75 13.50 7.00 2.00 1.00 16.75 

Medium d e n s i t y  
r e s i d e n t i a l  0.75 -- 1.00 1.50 1.00 1.30 4.75 

Commerci a1 1.50 0.75 4.50 7.75 0.75 n. ?5 11.90 

I n d u s t r i a l  - - 0.75 0.50 1.50 0.75 1-00 3.50 

Recreat i o n a l a  38.00 194.50 146.00 77.00 -- 58.00 458.50 

Marshes and 
f l o o d l a n d s  06.00 83.00 79-00 16.00 8.00 45.00 788.00 

A q r i c u l  t u r e  12.00 12.00 73.00 399.00 ?O.OO 7.10 518.00 

F o r e s t r y  175.00 32.00 314.00 114.00 46.00 21.00 707.00 

Water 14.50 0.50 3-50 33.00 0.50 0.50 57.50 

---- -l-l--_.f-*- ---I----l_--l--lll_l__l_ _ 

aTncl  udes Apal  a c h i c o l a  N a t i o n a l  F o r e s t .  

c h a i n  r e a c t  i n n  throuahout  t h e  l o c a l  
pconomy hecat~se d i  r e c t  and i n i l i  r e c  t 
p t r rchaqr ;~  q ~ n e r a t e  income, t h e  so-ca l  l e d  
" m u l ! i p l i r r "  e f f ~ c t .  Recent r s t i m a t e s  
i n d i c a t e  t h a t  t he  f o r e s t r y  and f i s h ~ r i r r  
" e x p o r t "  va lues are  even more impor tan t  
than a rev ious  r t u d i e 5  i n d i c a t e d  s ince  
~ r a c t i c a l l y  a l l  ~ u r h  p r o d u c t i o n  ic; s o l d  
o u t s i d e  the req ion .  The t o t a l  ctrrrent. 
va lue of f i s h e r i e s  i n  t h e  d r a i n a q ~  system 
and assoc ia ted  c o a s t a l  areas exceeds 973 
m i l  1 ion ,  r o l b ~ r q  e t  a l .  (1963) pro i tac ted 
a va lue o f  $34.7 m i l l i o n  f o r  commercial 
f i s h i n q  and t o u r i s m  by  t h e  year 7000 i f  
water q u a l i t y  and n a t u r a l  o r o d u c t i v i  t v  are 
main ta ined.  Value added as a  " m u l t i p l i e r "  
e f f e c t  would i nc rease  t h i s  e s t i m a t e  t o  
almost $67 m i l  l i o n .  Thus, t he  as yet 
und imin ished n a t u r a l  resources i n  the 
Apa lach ico la  v a l l e y  p r o v i d e  an impor tan t  
economic base f o r  t h e  l o c a l  area, and such 
n a t u r a l  i n d u s t r i e s  cave a  d i r e c t  i n f l u e n c e  
on t h e  r e g i o n  th rouah  e x p o r t  and 
respendins.  

Rockwood e t  a l .  (1973) and Rockwood 
and Lei tman (1977) p r o v i d 2 d  an i n -dep th  
a n a l y s i s  o f  t h e  socioeconomic b a s i s  of the  
Aoa lach ico la  o y s t e r  i n d u s t r y .  The 
p o t e n t i a l  f o r  o y s t e r  p r o d u c t i o n  has vet t o  
he r ~ a c h e d ;  q r e a t e r  n r o d u c t i o n  w i l l  be 
necescary  i f  t h e  r e l a t i v e 1  y  low p e r - c a o i t a  
income i r  t o  be i n c r e a s e d  and more 
cmploylnent i s  t o  he p r o v i d e d  f o r  younq 
peon le  i n  the area.  Tq te rms  o f  qenera l  
determinants  o f  r e q i o n a l  qrowth,  F r a n k l i n  
r o u n t v  i s  r i c h  i n  n a t u r a l  resources on 
w h ~  ch i t i s  a lmost  en t  i r e 1  y  dependent. 
Qecent  h i s t o r i c  t r e n d s  +ave c o n t r i b u t e d  t o  
t h e  i n s u l a r i t y  of t h e  community. The 
dev~ loo rnen t  of  s t r o n q  c l a n  t i e s  of  the  
Fnq l  i s 4  and ' icotch-Tr ish i n h a b i t a n t s  adds 
t o  t h e  qeoqraph ic  i s o l a t i o n  o f  t h e  req ion.  
lqdeoendence and i n d i v i d u a l  ism a re  ha1 l- 
 arks of t h i s  s o c i e t y  and have l e d  t o  the  
v iew t h a t  o u t s i d e  i n t e r v e n t i o n  by 
qovernment aqencies o r  1  arqe c o r p o r a t i o n s  
has a  n e q a t i v e  i n f l u e n c e  on t h e  communi t v .  
The o y s t e r  i n d u s t r y  i s  base+ on 



cont r ibu t ions  of t he  e n t i r e  family 
(husband and o lde r  boys as  tonqers ,  wife 
and o lder  daughters as shuckers,  , joint  
management of the  bus iness ) .  Such a 
f amil y-oriented business  s t r u c t u r e  has 
s t renqthened t h e  t r a d i t i o n a l  bond between 
t he  community and t he  i ndus t ry  t o  an 
ex t en t  t h a t  i s  not common elsewhere in  
today ' s  soc i e ty .  Thus, fami ly  and kinship 
bonds under1 i e  and s t rengthen  the  
dependence of the  a rea  on t he  natural  
i ndus t r i e s .  

Some of t he  more important prospects 
f o r  regional  qrowth a r e  based on 
res ident  i  a1 development of a reas  such as 
S t .  Georqe I s1  and and i n d u s t r i a l i z a t i o n  
of the r i v e r  watershed. This s i t u a t i o n  
has r e su l t ed  i n  a d i r e c t  confrontat ion 
between local  and ou t s ide  developmental 
i n t e r e s t s .  Future ~ l a n n i n q  i n i t i a t i v e s  
wi l l  have t o  be based on a reasonable 
evaluat ion of the na tura l  renewable- 
resource base i f  the  loca l  indus t ry  i s  t o  
be protected.  The oo t en t i a l  f o r  
de s t ruc t  ion of tbese  resources  through 
environmental a l t e r a t i o n s  and pol lu t ion  i s  
hiqh. A t  the  same t ime,  t he  po ten t ia l  f o r  
expandinq t he  high1 y p r o f i t a b l e  oys te r  
indus t ry  with updated management of the 
resource i s  e x c e l l e n t .  

7.3. EXISTING AND PROJECTED IMPACT B Y  MAN 

A number of pub1 i ca t i ons  have 
addressed the  problem of environmental 
a l t e r a t i o n  and po l lu t i on  in the 
Apalachicola drainaqe system (Livinqston 
1074, 1975, 1976a, b, 1977a-d, 1978, 
1980a-c, 1983d; Livinqston and nuncan 
1979; Livinqston e t  a l .  1974, 1976a, 
1978). The Apal ach ico la  e s t u a r y  depends 
on t h r ee  ba s i c  elements f o r  i t s  
p roduct iv i ty :  ( 1 )  t h e  Apalachicola Fiver 
system, ( 2 )  t h e  T a t e ' s  Hell Swamp and 
surroundinq f reshwater /brackish  wet lands, 
and (3 )  t he  b a r r i e r  i s lands .  Physical 
a l t e r a t i o n s  of these  a reas  or chanqes in 
water q u a l i t v  o r  q u a n t i t y  due t o  human 
a c t i v i t i e s  could a f f e c t  the  natural  
processes t h a t  def ine  and control  the 
product iv i ty  of the  r iver -bay  system. 

7.3.1. Physical  A l t e r a t i ons  

Darnel 1 (1976) reviewed the  e f f e c t s  
of s t r u c t u r a l  chanqes on a range of 
aquati  c sys  tems . Impoundment, 

channel izat ion,  dredge and spoi l  
operat ions,  diking, and other  physical 
modifications have the  capac i ty  t o  a l t e r  
na tura l  aquat ic  systems. Since the  e a r l y  
19701s,  t he r e  has been considerable 
controversy concerning e f f o r t s  t o  dam 
and/or channel i z e  the  cur ren t ly  f ree-  
flowing Apalachicola River. Georgia and 
Alabama indus t r i  a1 i n t e r e s t s  want t o  
maintain an authorized 9- f t  channel so 
t h a t  barge t r a f f i c  can move from the Gulf 
of Mexico t o  upriver c i t i e s  along the 
F l i n t  and Chattahoochee Rivers. 
Currently, t h i s  system i s  deep enough f o r  
barge t r a f f i c  only 83% of the time (U.S. 
Army Corps of Enqineers, 1975), which i s  
not enough fo r  the upriver  i n t e r e s t s .  
There a re  13 hydroe lec t r ic  dams on the 
Chattahoochee River and 3 dams on the 
F l i n t  River, some of which a r e  pr iva te ly  
owned (Figure 4 ) .  Pub1 i c l y  owned dams and 
dredging and maintenance a c t i v i t i e s  have 
cos t  in  excess of $700 mi l l ion .  

Accordinq t o  a 1975 environmental 
impact statement by the  U.S. Army Corps of 
Engineers, dredqing has had adverse 
e f f e c t s  on the Apalachicola River. 
Livinqston and Joyce (1977) point out t ha t  
impoundments such as t he  Jim Woodruff Dam 
cause aquat ic  weed problems, water q u a l i t y  
degradation due t o  t he  accumulation of 
herbicides and i n sec t i c ide s ,  continued 
need f o r  dredging due t o  sedimentation, 
reduction of habi ta t  due t o  spoi l  
disposal ,  and r e s t r i c t i o n  of the movement 
of nu t r ien ts  and par t i  cul a t e  matter t o  
downri ver areas. Dredging and snaqgi ng 
(removal of submerqed stumps) operat i  ons 
along the Apalachicola River are  blamed 
f o r  habi ta t  loss  (Stevenson 1977), 
destruct ion of benthic organisms (Mi l le r  
e t  a l .  1977), loss  of flood-plain 
vegetation (Clewell and McAninch 1977), 
reduction of bank overflow, blocked 
miqrati  ons of mi qra tory  f i s h e s ,  
r e s t r i c t i o n  of s t r i ped  bass from thermal 
refuges and sturgeon from former ranqes, 
and increased pol lu t ion  due t o  o i l  and 
chemical s p i l l s  (Figure 44) .  

S t ab i l i z a t i on  of a r i v e r  usua l ly  
leads t o  i ndus t r i a l i z a t i on  and municipal 
development in the  former f lood plain with 
associated e f f e c t s  on water avail  abi l i t y  
and qua l i ty .  The development of t he  
Apalachicola f loodplain i s  uneconomical in 
terms of the cost-henef i t  ana lys i s  



(Rockwood and Leitman, 1977). 4 1082 
comparison o f  f e d e r a l  s u b s i d i e s  prepared 
by t h e  Congressional  Budget O f f i c e  shows 
t h a t  waterways i n  genera l  r e c e i v e  t h e  
h i q h e s t  l e v e l  o f  pub1 i c  t r a n s p o r t a t i o n  
suppor t  o f  a l l  i n d u s t r i e s .  On the  bas i s  
a f cos t -pe r - ton  m i l e ,  t h e  
Apal achicola-Chattahoochee-F 1  i n t  (4CF) 
system i s  the  most expens ive maintenance 
o p e r a t i o n  i n  t h e  c o u n t r v  (45.5 m i l l s  per 
t on  m i l e ) ,  be ing almost t w i c e  as expensive 
as t h e  second h iqhes t  and 41.36 t imes the  
n a t i o n a l  averaqe. The c o s t  t o  the p u b l i c  
o f  movinq a  b a r q ~  th rouqh  the  J im Woodruff 
Dam i s  around $2,040. The 1981 c o s t  f o r  
maintenance o f  t he  J im  Woodruff Dam and 
d redq inq  of  t he  Apal  a c h i c o l a  R i v e r  
exceeded $6,735,000, and recen t  cos t  
increases have n o t  been o f f  s e t  by revenue 
from increased b a r q ~  t r a f f i c .  Despi t e  a1 1 
t h i s  in format ion,  the Corpr of  Enqineers 
has recen t1  y  been au tho r i zed  t o  b l a s t  tons 
of rock  f rom the r i v e r  (a  form o f  
channel  i r a t i o n )  a t  a  cos t  exceedinq 
$1,00n,000. 

There are few a v a i l a b l e  data f o r  
e v a l u a t i  nq the environmental  impact o f  
p h y q i c a l  a1 t ~ r a t i o n  of  t he  t r i - r i v e r  
sy5tern. fox (1970) and Cox and Auth 
(1971-1973) i n d i c a t e  t h a t  dredq inq ( F i q u r e  
4 4 )  has c o n t r i b u t e d  t o  l o c a l  h a b i t a t  
d e s t r ~ ~ c t i n n  on the Apa lach ico la  R i v e r  
a lonq  w i  t ~ h  a r ~ n c i  ated simp1 i f  i r a t  i o n  of  
the  fauna and reduced p r o d t l c t i v i t y .  As 
i n d i c a t e d  abovp (Aqer e t  a l . ,  l Q R 4 ) ,  the  
lonq- term d redq inq  o f  t h e  r i v e r  i s  a  
s i q n i f i c a n t  e c o l o q i c a l  nccurrence. 
These impacts i n c l u d e  a l t r r ~ d  h a b i t a t ,  
s h n r t e n i n q  n f  the  r i v e r ,  and r e d i r e c t e d  
n a t u r a l  r i v ~ r  f l o w .  Opr ra t i ons  assoc ia ted 
w i t h  these a c t i v i t i p s  i nc l t l r l r  c o n s t r t l c t i o n  
of t r a l n i n q  d i kcs ,  main t rnancr  dredqinq, 
spn i  1 depos i t i on ,  bondway e l i m i n a t i o n ,  and 
rnaq  removal. The r i v e r  has a l ready been 
shor tened bv pas t  a c t i v i t i e s ,  and 
rhnnne l  i t a t  i on  cnnt inue5. 

I n  tho  Apal a rh  i c o l  a  cst  uary,  d redq inq 
n f  Y i k r ' s  Cut has h ~ e n  r e l a t o d  t o  
increased s a l i n l t y  i n  t he  hay and r e d u c ~ d  
p r o d u c t i v i t y  due t o  a  l o s s  of nu rse ry  
h a b i t a t  ( L i v i n q s t n n  1q7Q). 4 r e v i ~ w  by 
s t a t e  and f e d e r a l  a q ~ n c i e s  ( F l o r i d a  
Department nf Envi ronmenta l  Req t~ l  a t  inn,  
pers .  comm. ) i s  c u r r e n t l  y  i n  proqress 
( L i v i n q s t o n  1994a) t o  determine t h e  
p o t e n t i a l  impact o f  d redq ins  alonq the 

I n t r a c o a s t a l  Waterway oti t h e  s a l  i n i  t y  
reqirne and o y s t e r  o r o d u c t i v i t y  i n  t h e  
es tua ry .  Proven d r e d q i n q  e f f e c t s  i n c l u d e  
d e t e r i o r a t i o n  of  water -sed iment  q u a l i t y  i n  
dredqed channels near areas o f  urban 
r u n o f f  and e f f e c t s  on t + e  n a t u r a l  s a l i n i t y  
req ime o f  t ? e  e s t u a r y  ( L i v i n a s t o n  1984a).  

I n  the  lower  A p a l a c h i c o l a  v a l l e y ,  a  
33,000-acre c a t t l e  ranch  was ~ s t a b l  i shed 
a lonq t h e  west baok o f  t h e  r i v e r  i n  t h e  
e a r l y  1970's ( F i g u r e s  45, 4 )  T h i s  
o p e r a t i  on was accornpani ed hv e x t e n s i v e  
c l e a r i n q ,  d i t c h i n q ,  anrl d i k i n q .  Land was 
d r a i n e d  by p e r i o d i c  purnpinq o f  t u r b i d ,  
sediment-1 aden wa te r  o v e r  t h e  d i kes .  
Ex tens i ve  f o r e s t r y  o p e r a t  i o n s  +ave Seen 
c a r r i e d  o u t  i n  t he  T a t p ' s  He1 1 Cwamo above 
East  Say. A f t e r  c l e a r c u t t i n q  of l a r q e  
t r a c t s  o f  t r e e s ,  t h e  l a n d  was d i t ched ,  
dra ined,  plowed and r e p l a n t e d  w i t ?  p i n e  
t rees .  I - i v i n q s t o n  e t  a l .  (1978) f o u n d  
t h a t  d u r i n q  p e r i o d s  o f  heavy l o c a l  
r a  i nf a  11, c l e a r e d  areas caused inc reased  
l e v e l s  of r u n o f f  l e a d i n q  t o  i nc reases  i n  
c o l o r  and t u r h i d i t v  and r e d l l c t i o n s  i n  pH 
and d i s s o l v e d  oxyqen. Ana lyses o f  t h e  
problem i n d i c a t e  s h o r t -  t e rm adverse impact  
on c e r t a i n  b i o l o q i c a l  a s s o c i a t i o n s  i n  
u p p ~ r  East  Ray. The 1  onq- te rm 
i m p l i c a t i o n s  o f  f o r e s t r y  a c t i v i t i e s  f o r  
water resou rces  a r e  c u r r e n t l  y  h e i  nq 
e v a l u a t e d  ( L i v i n q s t o n  u n ~ u h l .  ). 

O v e r a l l ,  t he  p r i m a r y  we t lands  of t h e  
A ~ a l a c h i c o l a  v a l l e y  rema in  i n t a c t ,  
a1 thouqh d r e d q i n q  and a s s o c i a t e d  
c o n s t r u c t i o n  a c t i v i t i e s ,  e s p e c i a l l y  i n  t h e  
upper reaches o f  t h e  r i v e r ,  a r e  
c o n t i n u i n q .  These a c t i v i t i e s  i n c l u d e  t h e  
c o n s t r u c t i o n  of  h r i d q e s  across the  r i v e r  
and development o f  a  barqe t e r m i n a l  
f a c i l i t y  and o f f l o a d i n q  system. 
Cur ren t1  y, s t a t e  and f e d e r a l  aqencies a r e  
a t tempt  i nq t o  purchase ~ o r t  i o n s  o f  t h e  
rema in i  nq  wet1 ands f o r  p r e s e r v a t i o n .  

7 . 3 . 3 .  T o x i c  Substances 

The 1 i m i  t e d  i ndus tr i  a1 and 
a q r i c u l t u r a l  a c t i v i t y  i n  t h e  r e q i o n  has 
c o n t r i b u t e d  t o  t h e  r e l a t i v e l y  l ow  l e v e l s  
of p o l l u t a n t s  found i n  t h e  A p a l a c h i c o l a  
d r a i  naqe s ys tem. However, t h e  w a t e r  
q u a l i t y  o f  t h e  F l i n t  and Chattahoochee 
Q i v e r s  has been adverse1 y  a f fec ted  b y  
waterway maintenance a c t i v i t y ,  
u r b a n i z a t i o n ,  and t h e  d i s c h a r q e  o f  



F i q u r e  45. D i t c h i n q  and d i  k i n a  a s s o c i a t e d  
w i t h  a q r i c u l t d r a l  a c t i v i t i e s  i n  t h e  l ower  
Ana l  a c h i c o l a  f l o o d p l  a in .  

i n d u s t r i a l  and a q r i c u l t u r a l  wastes 
(Seo rq i  a  Deuartment of N a t u r a l  Resources 
1478, 1-98?). A t ho rouqh  s c i e n t i f i c  
a n a l y s i s  o f  t h e  h i o l o q i c a l  resoonse t o  
e u t r o p h i c a t i o n  and t h e  i n f l u x  o f  t o x i c  
substances t o  t hese  r i v e r s  i s  l a c k i n q ,  
however. Recent s t u d i e s  by t h e  U. 5 .  
G e o l o q i c a l  Su rvey  (H. Ma t t raw  pers.  
comm.) c o n c e r n i n q  t h e  l e v e l s  o f  t o x i c  
substance5 i r  t h e  Apa l  a c h i c o l a  9 i v e r  
i n d i c a t e  r e l a t i v e 1  y  l ow  l e v e l s  of heavy 
m e t a l s  and n e q l  i q i  b l  e  c o n c e n t r a t  i o n s  of 
h e r b i c i d e s .  Tn t h e  A p a l a c h i c o l a  es tuary ,  
f rom 197%-1976, t h e r e  was a  o r e c i o i t o u s  
decrease o f  o r q a n o c h l o r i n e  r e s i d u e s  i n  
sediments and a s s o c i a t e d  e s t u a r i n e  
o r q a n i  STIS. T h i s  decrease was a t t r i b u t e d  
t o  the bann inq  o f  DDT i n  1972,  t h e  
f l u s h i n q  a c t i o n  of t h e  r i v e r ,  and t h e  
k a v y  s e d i m e n t a t i o n  a s s o c i a t e d  w i t h  t h e  
e s t ~ r a r y  ( L i v i n q s t o n  e t  a l .  l q 7 8 ) .  

Recent s t u d i e s  (k l inqer  e t  a l .  1987) 
i n d i c a t e  t h a t  r e s i d u e  c o n c e n t r a t i o n s  o f  
o r q a n o c h l o r i  ne i n s e c t i c i d e s  (CJDT, t oxa -  
phene), 001 y c h l o r i n a t e d  b i p h e n y l s ,  and 
heavy m e t a l s  i n  a q u a t i c  b i o t a  a re  h i q h e r  
i n  the  upper A p a l a c h i c o l a  9 i v e r  t h a n  i n  
t h e  l ower  r i v e r .  T o t a l  o r q a n i c  
contaminant  r e s i d u e s ,  o a r t i  c u l  a r l  y f rom 
t h e  upper r i v e r ,  exceeded p e r m i s s i b l e  
l e v e l 5  f o r  t h e  p r o t e c t i o n  o f  w i l d l i f e .  
The a u t h o r s  c o n s i d e r e d  t h a t  such 
m o d e r a t e l y  9 i q h  r e s i d u e s  i n d i c a t e d  t h a t  
t h e  A p a l a c h i c o l a  R i v e r  "may be i n  t he  
e a r l  y  s taqes  o f  con tam ina t i on . "  The 
h i q h e s t  l e v e l s  o f  cadmium and l e a d  i n  

F i q u r e  46. The e x t e n t  o f  d i k t n q  by  
a g r i c u l t u r a l  i n t e r e s t s  a lonq  t h e  wes te rn  
bank o f  t h e  l ower  A p a l a c h i c o l a  R i v e r .  

s e d i ~ e n t s  and b i o t a  o  f t h e  
Apa lach i co l  a -Ch ipo la  d r a i  naqe system a r e  
found  i n  t r i b u t a r i e s  l e a d i n q  t o  t h e  
C h i p o l a  9 i v e r  below an i n d u s t r i a l  p l a n t  
t h a t  l i s c h a r q e d  b a t t e r y  wastes i n t o  t h e  
svstem ( L i v i n q s t o n  e t  a l .  l a 8 7 ) .  The DH 
l e v e l s  o f  r u n o f f  water  approx imated 1.7 t o  
1.4. Concen t ra t i ons  o f  l e a d  and cadmium 
i n  sediments o f  t h e  L i t t l e  n r v  Creek-Dry 
Creek t r i b u t a r y  t o  t he  C h i o o l a  9 i v e r  were 
p a r t i c u l a r l y  h iqh .  Y tud ies  a r e  c u r r e n t l y  
under way t o  e v a l u a t e  t h e  b i o l o q i c a l  
response t o  t h i s  c o n t a m i n a t i o n  ( 9 .  J. 
L i v i n q s t o n  u n ~ u b l . ) .  Qecen t  ana l yses  
i n d i c a t e  t h a t  t h i s  c o n t a m i n a t i o n  has n o t  
reached t h e  A p a l a c h i c o l a  Bay system 
( F l o r i d a  nepar tment  of N a t u r a l  Resources, 
pe rs .  comm.). 

M u n i c i p a l  Development '-3.3. - -- 

M u n i c i p a l  development i n  F l o r i d a  i s  
cor lcent ra ted a l o n q  t h e  coas t .  The R i q  
8end req ion ,  which i n c l u d e s  t h e  
A p a l a c h i c o l a  Ray 5ystem, remains  one o f  
the  l a s t  undeveloped c o a s t a l  a reas i n  
F l o r i d a .  I n  F r a n k l i n  County, u r b a n i z a t i o n  
i s  r e s t r i c t e d  t o  t h e  c i t i e s  o f  
Apal a c h i c o l  a  (approx imate1 y 3,000 p e o p l e )  
and Car rabe l  l e  ( a o p r o x i m a t e l  y  1,000 
peop le) .  A m u n i c i p a l  waste  sys tem i s  
c u r r e n t 1  y under c o n s t r u c t  i o n  i n  
A p a l a c h i c o l a  t o  e l i m i n a t e  o o i r t t  sources  o f  
waste d i scha rqe  ( T c i p i o  Creek) i n t o  
s u r r o u n d i n q  areas. N u t r i e n t ,  
n h y t o p l  anktqn,  and d i s s o l v e d  oxyqen d a t a  
i n d i c a t e  no d i s c e r n i b l e  tendency f o r  



c u l t u r a l  eu t r oph i ca t i on  i n  the  es tuary  
( L i  v inqs ton  unpubl . ). Most o f  the 
cons t r uc t i on  a c t i v i t y  i n  the Apa lach ico la  
Bay system has occurred i n  Aoa lach ico la  
and East  P o i n t  and on St. George I s l a n d  
(F igure  47). Whi le t he re  i s  cons iderable 
pressure f o r  cons t r uc t i on  on t he  i s 1  and, 
popu la t i on  d e n s i t y  i s  s t i l l  r e l a t i v e l v  
low. The ou t l ook  f o r  f u t u r e  qrowth, 
however, remai ns uncer ta in ,  as p o r t i o n s  of 
t h e  es tua r v  have a l ready  been contaminated 
w i t h  mun ic ipa l  and a g r i c u l t u r a l  r uno f f  and 
waste ( L i v i ngs ton  1983d). 

Coastal  development i s  o f  ten 
accompanied by t he  l o s s  of n a t u r a l  
veqetat ion,  increased l e v e l s  o f  s o l  i d  
waste, and enhanced e f f l u e n t  discharqe. 
These a c t i v i t i e s  o f t en  l ead  t o  increased 
r u n o f f ,  eros ion,  phys i ca l  a1 t e ra t i ons ,  
chanaes i n  water c i r c u l a t i o n ,  increased 
d e p o s i t i o n  of  sediments, and the 
i n t r o d u c t i o n  o f  va r ious  p o l l u t a n t s  i n t o  
t h e  r i v e r - b a y  system. Cuch changes can 
have an adverse e f f e c t  on t he  na tu ra l  
resources o f  the area. Accordinq t o  Re11 
and Canterbery (1974, 1975), "The major 
cause of c l o s i n q  of commercial s h e l l f i s h  
areas i s  b a c t e r i a l  p o l l u t i o n  a t  sub le tha l  
con tamina t ion  levelr , ."  C los inqs o f  
L o u i s i a n a ' s  s h e l l f i s h  beds went f rom 5,900 
acres i n  I965 t o  248,817 acres i n  1971, a  
37002 i n c r e a s ~ .  T Q  F lo r i da ,  cons iderable 
areas o f  she1 l f  i s h  qrounds are c losed each 
year because o f  p o l l u t i o n .  Of over 7 
m i l  l i o n  acres o f  a v a i l a b l e  s h e l l f i s h  areas 
i n  F l o r i d a ,  o n l y  77% are approved f o r  
harves t inq ;  13% are  p roh i b i t ed ,  5% are 
c o n d i t i o n a l  1  y approved, and about FiO% are 
u n c l a s s i f i e d .  The na t i ona l  f iqures show 
over 3  m i l l i o n  acres o f  clam and oys te r  
beds closed, a t  a  l o s s  o f  over $38.4 
m i l  1 i o n  (Re? 1  and Canterbery, 1975). 
Sep t i c  tank e f f  1  uents, sewaqe waters, and 
mun ic ipa l  and i n d u s t r i  a1 r u n o f f  account 
f o r  most o f  these problems. Since 
commercial f i s h e r i e s  account f o r  65% o f  
t he  Frank1 i n  County income, t he re  i s  cause 
f o r  concern ( F l o r i d a  Department o f  
A d m i n i s t r a t i  on 1977). 

S t .  George I s l a n d  (F iqure  47) forms 
t h e  gu l fward  per imeter  of Apa lach ico la  Bay 
and i s  o f  c r i t i c a l  importance t o  bay 
p r o d u c t i v i t y  because i t s  o r i e n t a t i o n  
determines t he  d i s t r i b u t i o n  o f  s a l i n i t y  
and o the r  w a t e r - q u a l i t y  f ea tu res  o f  the 
estuary .  I n  1965, a  b r i dge  was completed 

F iqure  47. Po r t i ons  o f  S t .  George I s l a n d  
showinq housinq development and o the r  
human a c t i v i t i e s .  

f rom the main land t o  S t .  George I s l a n d  a t  
p u b l i c  expense. The b r i d q e  caused t h e  
i s l a n d ' s  value as r e a l  e s t a t e  t o  esca la te  
tremendously. Today, p o r t i o n s  o f  St .  
George I s 1  and a re  c u r r e n t l y  under cons i -  
derable pressure f o r  mun i c i pa l  development 
( L i  v i  ngston 1976a). Based on pas t  
experience i n  F l o r i d a  and o the r  coas ta l  
s ta tes,  t he  ou t l ook  f o r  S t .  George I s l a n d  
i s  t o  be the cen te r  o f  t h e  qrowth f o r  
F r a n k l i n  County. On St .  Georqe Is land ,  as 
elsewhere i n  t he  drainage area, t h e r e  i s  a  
r e a l  need f o r  planned development if the  
n a t u r a l  resources o f  t he  e s t u a r y  a re  t o  be 
maintained. 

Recently, t h e r e  have been a  number o f  
i n c i den t s  i n  which o y s t e r i n g  i n  t h e  bay 
has been c losed down because o f  h i g h  
ca1 i f o r m  b a c t e r i a  counts ( L i v i n g s t o n  e t  
a l .  1978). Th i s  s i t u a t i o n  has caused 
l o c a l  economic problems and represen ts  a  
con t inu ing  t h r e a t  t o  t he  o y s t e r  i n d u s t r y  
i n  the  Apal ach i co l  a  es tuary .  The 
combinat ion o f  dredqinq and muni c i  p a l  
development has l e d  t o  l o c a l i z e d  p o l l u t i o n  
of po r t i ons  o f  the e s t u a r y  ( L i v i n g s t o n  
1983d). Dredged channels south o f  
Apalachico la  and East  P o i n t  have acted as 
s inks  f o r  n u t r i e n t s  ( n i t r o g e n  and 
phosphorus compounds), o i  1 s  and greases, 
and heavy meta ls  ( L i v i n g t o n  1983b). Such 
substances have been assoc ia ted  w i t h  t h e  
s i l t  ( e . ,  f i n e )  f r a c t i o n s  o f  t h e  
sediments and have l e d  t o  cond i t i ons  o f  
h igh  biochemical  oxygen demand (BOD). The 
degree o f  urban development, t h e  heavy 



boat  t r a f f i c ,  and t h e  dredging a c t i v i t i e s  
have been d i r e c t l y  assoc ia ted  w i t h  l o c a l  
d e s t r u c t i o n  o f  near-shore qrassbeds, 
d e t e r i o r a t i o n  o f  water and sediment 
q u a l i t y ,  and t he  l o s s  o f  b i o l o q i c a l  
p r o d u c t i v i t y  ( L i v i n q s t o n  1983b, d ) .  

Munic ipa l  d r a i  naqes c o n t r i  bute 
s i g n i f i c a n t l y  t o  t he  p o l l u t i o n  burden o f  
t he  Apa lach ico la  R i ve r  and Bay area 
( L i v i n q s t o n  1983d). S c i p i o  Creek 
(Apa lach ico la ) ,  Faq le  ( o r  I n d i a n )  Creek 
(East  P o i n t ) ,  and r u n o f f  f rom East  Po in t  
i n t o  near-shore areas of St .  Georqe Sound 
have been a f f e c t e d  by a combinat ion o f  
h i g h  b iochemica l  oxygen demand (BOD) and 
chemical oxygen demand (COD), low 
d i sso l ved  oxyqen, and heavy-metal 
contaminat ion o f  sediments. Areas o f  
no r t he rn  Apal ach i co l  a  Bay t h a t  rece ive  
r u n o f f  f rom t h e  c i t y  of Apa lach ico la  a l so  
show s igns o f  low water q u a l i t y .  The 
dredged canals  o f  St .  George I s l a n d  are 
po l l u t ed .  The boat bas ins a t  St.  George 
I s l a n d  and Apa lach i co l a  have been 
contaminated wi t h  o rgan i c  i n p u t  and heavy 
meta ls  i n  t h e  sediments. The lowest  
d isso lved  oxygen i n  t he  e n t i r e  system 
occurs a t  the  St .  Georqe boat bas i n  ( j u s t  
west o f  the causeway as i t  en te rs  the 
i s land ;  F i gu re  47) d u r i n g  per iods  o f  h i gh  
summer r a i n f  a1 1 and over1 and runof f .  
There are s igns  o f  o rgan i c  r u n o f f  i n  fhe 
v i c i n i t y  o f  St .  Georqe Sound rece i  v l ng  
i n p u t  f rom c o n s t r u c t i o n  s i t e s ,  althouqh 
more ana l ys i s  i s  necessary t o  q u a l i f y  t h i s  
observat ion.  A t  a l l  o f  t h e  above s i t es ,  
t he  b i o l o q i c a l  i nd i ces  ( ben th i c  in fauna l  
macro inver tebra tes )  i n d i c a t e d  moderate t o  
h i gh  b i o l o g i c a l  s t r ess .  

Other ma jo r  sources o f  p o l l u t a n t s  are 
loca ted  i n  areas r e c e i v i n g  drainage from 
a g r i c u l t u r a l  opera t  i ons  (Murphy Creek and 
C l a r k ' s  Creek o f f  t h e  Jackson River ;  West 
Bayou i n  East  Bay f rom t he  Ta te ' s  H e l l  
Swamp). A e r i a l  reconnaisance o f  the  s tudy  
area i n d i c a t e s  t h a t  f o r e s t r y  i n t e r e s t s  
have d ra ined  ex tens i ve  areas o f  t he  Tate '  s  
H e l l  Swamp i n t o  East  Bayou and West Bayou 
i n  eastern p o r t i o n s  o f  East  Bay. Hiqh 
organic  i n p u t  and heavy-metal 
contaminat ion o f  t he  sediments have been 
noted i n  areas o f  the drainage system 
r e c e i v i n g  a g r i c u l t u r a l  r uno f f .  B i o l o g i  ca l  
i nd i ces  have i n d i c a t e d  severe s t ress .  

Various s t a t i o n s  a long  t h e  lower 
Apa lach ico la  River ,  w h i l e  hav ing r e l a -  

t i v e l y  low l e v e l s  of  p o l l u t i o n  i n  the 
water and sediments, a l s o  appear t o  be 
b i o l o g i c a l  1  y  s t ressed ( L i v i n q s t o n  1983d). 
These sandy areas cou ld  be n a t u r a l l y  
s t ressed  by the  heavy cu r ren t s  and the  
s h i f t i n g  qua1 i t i e s  o f  the  sandy subst ra te .  
Dredging a c t i v i t i e s  along t he  Apal ach ico la  
R ive r  cou ld  con t r i bu te  t o  t h e  observed 
p a u c i t y  o f  ben th ic  macro inver tebrates 
noted i n  these areas, a l though the exact 
cause o f  the observed b i  01 og i  ca l  
cond i t i ons  remains unknown. 

Overa l l ,  the Apal ach i co l a  R ive r  and 
Bay system remains re1  a t i v e l  y  p o l l u t i o n  
f r e e  a t  t h i s  t ime. Some areas, such as 
eastern po r t i ons  o f  St.  V incent  Sound, 
have been charac te r i zed  b,y r e l a t i v e l y  h i gh  
l e v e l s  o f  heavy meta ls  i n  t he  sediments, 
the source o f  which i s  not immediately 
apparent. These areas cou ld  be po i n t s  of 
sedimentat ion (such as t h e  dredqed 
channels i n  Apa lach ico la  Bay), which 
n a t u r a l  1 y  concentrate contaminants such as 
heavy meta ls  as p a r t  o f  t he  f a l l o u t  of 
s i l  t / c l a y  f r a c t i o n s  from r i v e r  i npu t  and 
urban runo f f .  Such smal l  p a r t i c l e s  are 
known t o  adsorb chemicals such as heavy 
metals.  The dredqed channels serve as 
s i l t  t raps  w i t h i n  t h e  system. The 
cumulat ive e f f e c t  o f  mun ic iaa l  and 
a g r i c u l t u r a l  a c t i v i t i e s  i n  the  r eg i on  
cou ld  be e s p e c i a l l y  s i g n i f i c a n t  t o  the 
r a t h e r  s e n s i t i v e  oys te r  i n d u s t r y  i n  
Frank1 i n  County. I t  w i  11 take  imag ina t i ve  
and progress ive p lann i  nq and resource 
management a c t i o n  i f  t he  f i s h e r i e s  
p o t e n t i  a1 o f  the Apal ach i  co l  a  es tuary  i s  
t o  be preserved and enhanced. 

7.4. LAND PLANNING AND RESOURCE 
MANAGEMENT 

Resource management, based on 
comprehensive s c i e n t i f i c  data, depends on 
complex socioeconomic f a c t o r s  and c u l t u r a l  
t rends.  The mere i d e n t i f i c a t i o n  o f  a  
g iven  na tu ra l  resource does not  
necessa r i l y  ensure en1 i ghtened p l  anninq 
f o r  i t s  perpetuat ion.  There have been a 
se r i es  o f  reviews o f  the resource problems 
i n  t he  Apal ach ico l  a  basin. The h i s t o r y  of 
resource p l  anni ng and management i n  the  
Apal ach i co l a  bas in  has been we1 l 
documented over t h e  pas t  decade 
( L i  v i  ngston 1974b, 1975, 1Q76a, 1977a-d, 
1978, 1980a-c; 1982a; L i v i n g s t o n  and Joyce 
1977). Overa l l ,  t he re  has been a 



r e l a t i v e l y  qood r e l a t i o n s h i p  between 
researchers,  manaqers, and 1  ocal  user 
qroups. The we1 1 - i n t eq ra ted  ( l o c a l ,  
s t a t e ,  f e d e r a l )  ~ l a n n i n q  i n i t i a t i v e s  have 
been based l a r g e l y  on p reserva t ion  ( l and  
purchases) and conserva t ion  approaches. 
Whether such e f f o r t s  w i l l  ma in ta i n  the  
resource  remains t o  be seen. 

7.4.1. Pub1 i c  Land Investment - - - -  ---- --__--_ 

P u b l i c  and p r i v a t e  parks, desiqned t o  
conserve o r  preserve areas i n  the  
Apal a c h i c o l a  Val  ley ,  are sca t te red  

throuqhout  the  area (F i qu re  48).  The 
Torreya 5 t a t e  Park i vlc1u.les :miquo p l a n t  
species such as the  F l o r i d a  Torreya cedar  
and F l o r i d a  yew. The Apa lach i co l a  
Na t i ona l  Fores t  and p r i v a t e  w i  1  d l  i f e  
management areas a1 1  ow r e c r e a t i o n a l  and 
h u n t i  nq o p p o r t u n i t i e s .  A state-owned pa rk  
on S t .  Georqe I s l a n d  permi ts  p u b l i c  heach- 
f r o n t  r ec rea t i on ,  and S t .  V incent  I s l a n d  
Na t i ona l  W i l d l i f e  Refuqe i s  used f o r  
w i l d l i f e  observat ion,  f i s h i n q ,  and 
c o n t r o l  l e d  hun t i nq  a c t i v i t i e s .  

One of the major  1 and-acqui s i  t i o n  
p ro j ec t s ,  the hot  torn1 and hardwoods i n  t h e  
lower hasin, was t h e  r e s u l t  o f  research  
funded by t he  F l o r i d a  Sea Grant Col l ege  
and t h e  Frank1 i n  County Commission 
( L i v i n q s t o n  e t  a l .  1976a). I n  1476, 
p o r t i o n s  of the Apal ach i co l  a  R i v e r  
f 1  oodpl a i  n  were cons idered  f o r  purchase 
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F i g u r e  48. Major  pub1 i c  i nves trnents and 
s p e c i a l  l y  des igna ted  areas i n  the 
A p a l a c h i c o l a  bas in .  
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1. Three R ivers  C ta te  Park 
7. J im Woodruff Lock and Dam 
3. Jackson County P o r t  A u t h o r i t y  
4. Torreya S ta te  Park 
5 .  Gaskin W i l d l i f e  Refuge ( p r i v a t e )  
6. G. U. Parker W i l d l i f e  Manaqement 

Area ( p r i v a t e )  
7. Apalachico l  a  Na t i ona l  Fores t  
8. Environmental  1  y  Endanqered Land 

Purchase 
9. Ed R a l l  W i l d l i f e  Manaqement Area 

( p r i v a t e )  
10. Apa lach ico la  Ray Aqua t i c  

Preserve 
11. 5 t .  Vincent I s l a n d  Na t i ona l  

W i l d l i f e  Refuqe 
12. t i t t l e  St.  Georqe I s l a n d  EEL 

Purchase 
13. Dr. J u l i a n  Bruce S ta te  Park 
14. Dead Lake Recrea t iona l  Area 
15. Proposed purchase ( e s t u a r i  ne 

sanctuary)  
16. U n i t  4, EEL purchase 
17. Doq Is land ,  Nature Conservancy 
18. Proposed bot  tom1 and hardwood 

purchase: Mature Conservancv 
and "Save Our R i ve r s "  proqram 

( s t a t e ) .  



through the  Envi ronmenta l  l y  Endangered 
Lands Proqram (EEL) o f  the  S ta te  of 
F l o r i d a .  The env i ronmenta l  backqround and 
j u s t i f i c a t i o n  f o r  purchase was based on 
d a t a  concern inq the  movement o f  n u t r i e n t s  
and POM from f l o o d p l a i n  areas ( L i v i  nqston 
e t  a l .  1977; Pearce 1977). Eco log ica l  
assoc i  a t  i ons were made between the 
hardwood f o r e s t s  of t he  lower f l o o d p l a i n  
and the  p r o d u c t i v i t y  o f  t h e  Apa lach ico la  
River-Bay system. Rased on t h e  data and 
t h e  need t o  p r o t e c t  t h i s  eco l og i ca l  l y  
s e n s i t i v e  p o r t i o n  o f  t h e  system, the 
F l o r i d a  Cabinet approved t h e  purchase o f  
18,044 acres of t h e  lower  Apa lach ico la  
f l o o d p l a i n  f o r  $7,615,250 i n  December, 
1976. Whi 1  e t h i s  purchase represented 
o n l y  a  smal l  percentaqe o f  the  t o t a l  
f l o o d p l a i n  and c o u l d  no t  hope t o  achieve a 
t o t a l  approach t o  manaqement o f  the system 
as a whole, i t  p rov i ded  a much needed 
s t a t e  presence i n  t h e  area. 

Considerable e f f o r t  has been expended 
i n  the p rese rva t i on  o f  b a r r i e r  i s 1  ands 
bo rde r i  nq t h e  Apal ach i co l  a  estuary .  Rased 
on i n f o rma t i on  concern i  nq the  importance 
of the i s l ands  t o  t he  bay p r o d u c t i v i t y  
f l i v i n q s t o n  e t  al .  1976a), ~ o r t i o n s  o f  the  
eas te rn  end o f  S t .  Georqe Tsland were 
added t o  t h e  e x i s t i n q  s t a t e  oark. I n  
March 1977, t he  C ta te  o f  F l o r i d a  
au thor i zed  t he  purchase o f  L i t t l e  St. 
Georqe I s l  and f o r  $8,838,000. 
Approximate1 y  1,300 acres of undeveloped 
l and  on Doq I s l a n d  were purchased by the  
Nature Conservancy i n  1982 f o r  the  
implementat ion o f  an i s 1  and conservat ion 
proqram. I n  add i t i on ,  the T rus t  f o r  
P u b l i c  Land purchased t h a t  p o r t i o n  of St. 
George I s l a n d  known as U n i t  4  which 
borders the h i q h l y  p roduc t i ve  oys te r  beds 
of East Hole. Th i s  l and  was r e c e n t l y  
repurchased by s t a t e  agencies as p a r t  of 
t he  EEL woqram. The balance of S t .  
Georqe I s l a n d  i s  s t i l l  i n  p r i v a t e  
ownership. Major  p o r t i o n s  o f  t h e  ho ld inqs  
on western p o r t i o n s  o f  t h i s  i s l a n d  are 
a1 ready r e s t r i c t e d  by p l  anni nq r equ l  a t  ions 
t o  1 un i  t l a c r e .  Thus, much o f  the  b a r r i e r  
i s l a n d  system i s  c u r r e n t l y  under p u b l i c  
ownership o r  w i t h i n  t h e  j u r i s d i c t i o n  of 
t he  comprehensive p l an  o f  F r a n k l i n  County 
(see be1 ow). 

I n  summary, t h e r e  has been a 
cont inuous and q u i t e  successfu l  e f f o r t  
over t he  pas t  decade t o  purchase and p lace 

i n  publ i c  stewardship those ~ o r t i o n s  o f  
the  Apal ach ico l  a  drainage system which 
have been i d e n t i f i e d  as impor tant  f o r  
ma in ta i n i ng  t he  h igh p r o d u c t i v i t y  o f  t h e  
area. 

7.4.2. The Apalachico la  Es tuar ine  
Sanctuary 

A f t e r  years of e f f o r t  by l oca l ,  s t a t e  
and f ede ra l  agencies, the  Apal ach ico l  a  
R i ve r  and Bay Estuar ine Sanctuary was 
es tab l i shed  i n  September 1979. The 
sanctuary  i s  the l a rges t  i n  the coun t ry  
and inc ludes 192,750 acres o f  submerged 
waters and associated wet 1 ands (F igure  
49). 

The approval o f  t h e  Es tuar ine  
Sanctuary was t he  l e g a l  equ iva len t  
(Sec t ion  315, Coastal Zone Management Act; 
P.  L.  92-583) of  s e t t i n g  t h i s  area as ide 
as a n a t u r a l  f i e l d  l a b o r a t o r y  " f o r  long- 
term s c i e n t i f i c  and educa t iona l  purposes." 
Wi th  t he  establ ishment o f  the  Sanctuary 
came a f e d e r a l  grant  o f  81.8 m i l  1 ion, t o  
be matched by $1.95 m i l l i o n  o f  F l o r i d a ' s  
EEL funds ( t he  previous wet lands purchase 
on the Lower Apalachico la  R i v e r )  f o r  t h e  
a c q u i s i t i o n  o f  the a d d i t i o n a l  wet lands 
surrounding t he  East Ray system ( t h e  
nursery  p o r t i o n  of t he  Apal achi c o l  a  
es tuary )  (F iqure 49). A f t e r  t h e  
a c q u i s i t i o n  o f  the f i n a l  12,467 acres 
around East  Bay and p o r t i o n s  o f  t h e  M. K. 
Ranch along t he  lower Apa lach ico la  R i ve r  
by the s t a t e  o f  F l o r i da ,  t h e  p u b l i c  l a n d  
per imeter  o f  the  es tua r i ne  sanctuary  w i l l  
be near1 y  complete. Recent ly,  s t a t e  
agencies have entered i n t o  nego t i a t i ons  
f o r  another t r a c t  of wet lands a long t h e  
Apa lach ico la  River .  I f  successful, t h i s  
land w i l l  become p a r t  o f  the  "Save Our 
R ive rs "  program admin is tered by t h e  
nor thwest  F l o r i d a  Water Management 
D i s t r i c t .  

Current ly ,  i n  a  c l ose  coopera t i ve  
e f f o r t  between l o c a l  i n t e r e s t s  and s t a t e  
environmental  agencies, t h e  Apal ach i co l a  
Sanctuary program i s  i n vo l ved  i n  t h e  
develooment o f  a  resource a t l a s  
( L i v i nqs ton  1 9 8 3 ~ )  and management plan, 
severa l  ongoing research p ro j ec t s ,  publ i c  
educat i onal programs, and cont inuous i n p u t  
i n t o  l o c a l  p lanning problems and p u b l i c  
i n t e r e s t  issues. Not the  l e a s t  o f  t h i s  
e f f o r t  i s  the  p o t e n t i a l  development o f  



t r a i n i n g  programs and c u r r i c u l a  i n  t he  
F r a n k l i n  County secondary school system. 
A  group o f  educat ional  f i l m s  on t he  
Apal ach ico la  drainage system has been 
developed f o r  showing throughout t he  
va l l e y .  The c lose  i n t e r a c t i o n  o f  aqua t i c  
research w i t h  l o c a l  and r eg i ona l  elements 
has been one of the keys t o  the  successfu l  
development of a  management program f o r  
t h e  area. Th i s  e f f o r t  w i l l  be c a r r i e d  ou t  
l a r g e l y  under t he  auspices of t he  
Apa lach ico la  Es tuar ine  Sanctuary i f  an 
e f f ec t i ve  mode of adm in i s t r a t i on  can be 
es tab l i shed .  

7.4.3. Local  P lanning E f f o r t s  and 
I n t e g r a t e d  Management 

A  se r i es  of F l o r i d a  County 
Cornmi s s i  ons have been respons ib le  f o r  t he  
es tab l  i shment of comprehensive plans f o r  
1  oca l  development and resource manaqement . 
These plans have t he  l e g a l  s t a t us  o f  
zoni  ng r e s t r i  c t i  ons which have been upheld 
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F igu re  49 .  Boundaries o f  the Apalachico la  
R i ve r  and Bay Es tuar ine  Sanctuary, i nc lud-  
i n g  a c t u a l  and proposed purchases accord- 
i ng t o  the Envi ronmen t a l l  y  Endangered 
Lands (EEL) Program ( s t a t e )  and c u r r e n t  
f ede ra l  ho ld ings .  

i n  r ecen t  cou r t  dec is ions .  Fo r  some 
years, aqencies such as t he  Apalachee 
Regional P l ann ing  Counci 1, t h e  Washington, 
D.C.-based Conservat ion Foundat ion ,  
F l o r i d a  S t a t e  U n i v e r s i t y ,  and the  F l o r i d a  
Sea Grant Col leqe have aided l o c a l  
o f f i c i a l s  i n  t he  development o f  a  
comprehensi ve management p l  an f o r  F rank l  i n  
County. Dur inq  the  summer o f  1981, t h e  
F r a n k l i n  County Commission passed a  p l a n  
which i n s t a l l e d  va r i ous  r e s t r i c t i o n s  on 
the  l e v e l  and t y ~ e  o f  c o n s t r u c t i o n  
a c t i v i t i e s  i n  t h e  area and es tab l i shed  l o w  
densi t y  requi rements i n  env i ronmenta l  l y  
s e n s i t i v e  areas. These areas i nc l ude  
wet1 ands, b a r r i e r  i s l ands ,  and o o r t i o n s  of 
the county  t h a t  d r a i n  i n t o  oys te r  bars and 
grass beds ( L i v i n g s t o n  1 9 8 3 ~ ) .  T h i s  p lan ,  
i n  con. junct ion w i t h  t h e  e s t u a r i n e  
sanctuary program and s t a t e  and f e d e r a l  
management, cou ld  eventual  l y  p rov ide  f o r  
the  o r d e r l y  development of t he  area w h i l e  
managing t he  n a t u r a l  resources o f  t h e  
req ion.  Passage of t h e  p l a n  i s  o n l y  t h e  
f i r s t  s tep  i n  the p l ann ing  process. 
5uccessf u l  imp1 ementat i on o f  the F rank l  i n  
County Comprehensive P lan  has not  y e t  been 
achieved, and t h e  s t a t u s  o f  l o c a l  resource  
management i n  the  e s t u a r i n e  sanc tua r y  
remains i n  doubt. 

7.4.4. I n t e g r a t i o n  o f  Management E f f o r t s  

A d i ve r se  s e r i e s  of management 
approaches coord ina ted  through l o c a l  use r  
assoc ia t ions  and the  e s t u a r i n e  sanc tua r y  
cou ld  p rov ide  t h e  key  f o r  broadening t h e  
economic base of t he  r e q i o n  w h i l e  
conserv ing the unique n a t u r a l  assets  OF 
the Apa lach ico la  drainage system. T h i s  
resource use w i l l  have t o  be sub iec t  t o  
s p e c i f i c  i n t e r n a l  c o n t r o l s  as t h e  
popul a t i  on qrows t o  p reven t  o v e r f  i s h i  n q  
and o ther  problems r e l a t e d  t o  the  f i s h i n q  
indus t ry .  

Long- term s c i e n t i f i c  da ta  have been 
used t o  address l o c a l  problems such as 
p e s t i c i d e  use, aqua t i c  weed c o n t r o l ,  
shore1 ine  development, and o the r  aspects  
o f  human a c t i v i t y  around t h e  bay. Such 
problems have of ten  been so lved  th rough  
c l ose  cooperat ion between researchers and 
l o c a l  e l ec ted  o f f i c i a l s .  The i n i t i a l  
s tud ies,  funded through a  s e r i e s  o f  q r a n t s  
admin is tered by t he  F l o r i d a  Sea Gran t  
College, ~ r o v i  ded needed i n f o r m a t i  on  
concerning the  e c o l o q i c a l l y  s e n s i t i v e  
po i n t s  i n  the dra inage system. These 



areas i nc l ude  t he  Apal a c h i c o l a  River ,  the 
up1 and wet1 ands ( i n c l u d i n g  t h e  Ta te '  s  He1 1  
Swamp), and t he  b a r r i e r  i s l  ands--a1 1  
fea tu res  t h a t  c o n t r o l  the  hydro1 og i  c a l  
regime, n u t r i e n t  s t r u c t u r e ,  and physico- 
chemical environment ( s a l  i n i t v ,  water 
qua1 i t y ) ,  which, toge ther  w i t h  o t he r  
s p e c i f i c  h a b i t a t  cond i t i ons ,  p rov ide  t he  
app rop r i a t e  environment f o r  t h e  seasonal 
and annual p rogress ions  o f  prominent 
es tua r i ne  popu la t ions .  Through con tac t  
w i t h  p u b l i c  o f f i c i a l s ,  s t a t e  and federa l  

admin is t ra to rs ,  and leaders o f  p r i v a t e  
i ndus t r y ,  researchers have been able t o  
channel s c i e n t i f i c  i n f o rma t i on  i n t o  pub1 i c  
use. Through c lose  coopera t i  on w i t h  l o c a l  
user qroups, the  Apal ach ico l  a  research 
e f f o r t  i s  q radua l l y  be ing app l ied  t o  
r e g i o n a l  problems. 

The r e a l  t e s t  f o r  t h i s  management 
e f f o r t ,  however, remains i n  the future. 
As o f  t h i s  w r i t i n g ,  t he  issue i s  
unresolved. 



CHAPTER 8 
COMPARISON WITH OTHER ESTUARIES 

The Apal ach ico l  a  es tua r y  has been 
inc luded i n  a  comparison o f  14 e s t u a r i e s  
on the  A t l a n t i c ,  G u l f  o f  Mexico, and 
P a c i f i c  coasts  o f  the Un i t ed  States (Nixon 
1983). Th is  s tudy  i n d i c a t e d  t h a t  
Apa lach ico la  Bay i s  a  r e l a t i v e l y  smal l  and 
shal low estuary,  r a p i d l y  f lushed,  w i t h  a  
consi  de rab le  watershed area (Tab le  27) 
when compared t o  o t he r  es tua r i es  i n  t h e  
Un i t ed  States.  The c ross -sec t iona l  area 
o f  the Apa lach ico la  es tua r y  (18.1 x  103 
m2) i s  r e l a t i v e l y  smal l  com~ared  t o  most 
o f  the o t h e r  es tuar ies .  Because o f  t he  
dimensions of the bay and t he  volume o f  
f reshwater  inpu t ,  Nixon (1983) es t imates  
t h a t  d i s so l ved  and suspended mate r i  a1 s a re  
l i k e l y  t o  remain i n  Apa lach ico la  Bay f o r  a  
sho r t e r  t ime  than i n  many o f  t h e  o the r  
es tua r i es  i n  the  survey. The r e l a t i v e l y  
h i gh  l e v e l  and s t r ong  seasona l i t y  of t h e  
r a i  n f  a1 1  i n  t he  Apal ach i co l  a  d r a i  naqe 
bas i n  would c o n t r i b u t e  t o  t he  h i qh  r i v e r  
d ischarqe r a t e s  t o  t h e  estuary .  
Approximate1 y  62% o f  t he  sur face area o f  
the  es tua r y  has s a l i n i t i e s  t ha t  averaqe 
l e s s  than 15 ppt .  Apa lach ico la  Bay stands 
out ,  a long w i t h  Mob i le  Ray and Nor thern  
San Frans isco Ray, as a  system t h a t  
responds t o  r i v e r  d ischarqe i n  " a  major  
way" (Nixon 1983). 

Secause o  f t he  phys i ca 1 
c h a r a c t e r i s t i c s  and t h e  r e l a t i v e l y  h i g h  
annual l e v e l  o f  s o l a r  r a d i a t i o n ,  
4pal achi c o l  a  Bay and Kancohe Ray (Hawai i ) 
a re  the on1 y es tua r i es  o f  those surveyed 
i n  which t h e  bay bottoms f a l l  w i t h i n  t h e  
eupho t i c  zone (Nixon IqR3). Th is  fac t ,  
toqe ther  w i t h  the  major  impact o f  t h e  
r i v e r  on the  estuary,  cou ld  he l p  t o  
e x p l a i n  t h e  apparen t l y  h i qh  p r o d u c t i v i t y  
o f  the Apal ach i co l a  system. The 
phy top l  ankton p r o d u c t i v i t y  i n  t h e  
Apa lach ico la  es tuary  i s  moderate ly  h i q h  
(Table 28). Estabrook (1973) found t h a t  
such p roduc t ion  i s  s i m i l a r  t o  t h a t  found 

i n  Tampa Bay. The importance o f  
phosphorus as the  l i m i t i n g  n u t r i e n t  f o r  
phy top l  ankton p roduc t i  v i  t y  f o r  va r i ous  
es tuar ies ,  i n c l u d i n g  t h e  Apa lach i co l a  
system, i s  ev i den t  (Nixon 1983). 
R e l a t i v e l y  l i t t l e  o f  t h e  Apa lach i co l a  
p r ima ry  p r o d u c t i v i t y  i s  due t o  c u l t u r a l  
e u t r o p h i c a t i o n  f rom i n p u t  o f  n u t r i e n t s  
from human wastes. The Apa lach i co l a  i s  
t he  l e a s t  developed o f  t he  es tua r i es  
surveyed, w i t h  an ex t reme ly  low popu la t i on  
d e n s i t y  (Table 29). The c o n t r i b u t i o n  o f  
n u t r i e n t s  f rom p o i n t  source d i  scharqes t o  
t h e  Apa lach ico la  e s t u a r y  i s  extreme1 y  low 
(Table 30). These da ta  i n d i c a t e  t h a t  the  
Apa lach ico la  es tua r y  remains i n  a  
r e l a t i v e l y  n a t u r a l  s t a t e  compared t o  o t he r  
such systems around t he  country .  

A comparison o f  zoopl ankton abundance 
i n  d i f f e r e n t  e s t u a r i e s  i s  d i f f i c u l t  
because d i s t r i b u t i o n  and abundance depend 
t o  some degree on mesh s i z e  o f  the  ne ts  
used t o  take t h e  samples. A wide v a r i e t y  
o f  mesh s i zes  has been used i n  such 
s tud ies .  When compared w i t h  o t he r  
es tua r i es  i n  the g u l f ,  Apa lach ico la  Bay 
has a  s i m i l a r  o r  l a r g e r  zooplankton 
assembl aqe i n  terms o f  numbers and biomass 
(Edmi s ten  1979). Such numbers a re  
comparable t o  those taken i n  va r ious  
es tua r i es  i n  the  U n i t e d  S ta tes  (Nixon 
1983). A comparison o f  i c h t h y p l a n k t o n  i n  
t he  o the r  es tua r i es  i n d i c a t e d  t h a t  t h e  bay 
anchovy (Anchoa m i t c h i l  l i )  as a  dominant 
species i s  a  common c h a r a c t e r i s t i c  i n  h a l f  
the  es tua r i es  surveyed (Nixon 1983). The 
low numbers o f  f i s h  egqs i n  t h e  
Apa lach ico la  system, r e l a t i v e  t o  o t h e r  
areas such as Tampa Bay, has been 
a t t r i b u t e d  t o  t he  r e l a t i v e l y  l ow  
s a l i n i t i e s  i n  t h e  Apal a c h i c o l a  e s t u a r y  
(B lanchet  1978). At tempts t o  make 
comparisons between t he  l e v e l  o f  p r i m a r y  
p roduc t ion  and abundance of organisms a t  
h igher  t r o p h i c  l e v e l s  i n d i c a t e  no d i r e c t  
o r  s imple c o r r e l a t i o n  (Nixon 1983). 



Table 27. Approximate dimensions o f  
se l ec ted  es tua r i ne  systems (N ixon  1983 ). 
- --- - --- -- - - -- 

Surface  Mean Mean Flushing 
Watershed a r s a  depth t i d e  f ac to ra  

5 p a r l n e  system a rea  (kmL) ( k ~  ) (m) (m) (days)  

Narraganset tBay 4 . 8 ~ 1 0 ~  265 9 1.23 27 
Long Island Sound 4 .2  x lo4 3200 19 1.46 166 
New York Bayb 3 .8  x lo4 390 6 1.42 3 
Delaware Bay 3.3 x lo4 I942 10 1.52 97 
Chesapeake Bay 1 . 1  x 105 11500 7 0.73 56 
Patuxent Estuary 2 . 2  x 103 122 5 0.43 51 
Potomac Estuary 3 .8  x lo4 1251 6 0.46 45 
Pamlico Estuary 1 . 1  x lo4 305 3 0.15 26 
Aoalachicola Bav 4.4 x lo4 210 2 0.55 6 

Table 28. Estimates o f  p a r t i c u l a t e  p r i -  
mary p roduc t ion  i n  va r ious  es tuar ies  i n  
the  Un i ted  States ( a f t e r  Nixon 1983). 

Primar.y p roduc t ion  
Loca t ion  g C m-2 y-l 

Mid Narraganset t  Bay 310 

Mid Long I s l a n d  Sound 705 

Mobile Bay 1070 3 0.41 12 
Baratar ia  Bay 4.0 x lo3 176 2 0.30 Lower New York Bay 
San Francisco ~ a v '  1.6 x lo5 1240 2 1.5 

Suisun Bay plus" 107 
San Pablo Bay 445 4 1.3 

Lower Delaware Baya 206 
South Bay 490 6 1.7 320 

Kaneohe Bay 97 32 8 0.43 2 Mid Chesapeake ~ a ~ b  445 
a A ~ ~ r o x i m a t e  annual mean hvdraul ic  r e s idence  time. The 

fkeshwater-i  nput t o  ~ a r a t a r i a  Bay has not been repor ted .  
b ~ e l o w  Smyrna River.  

Patuxent Es tuary  210 
cArea includes  mud f l a t s ,  mean depth = 6 m excludinq f l a t s .  

Pamlico Es tuary  200-500 

Apa lach ico la  Bay 360 

L i v i n q s t o n  (1981b), i n  a  comparison 
o f  the d i s t r i b u t i o n  o f  va r ious  sc iaen ids  
i n  es tua r i es  a lonq t h e  no r t heas t  G u l f  of 
Mexico, found t h a t  t h e  Apa lach ico la  
es tua r y  i s  ex t reme ly  p roduc t i ve  i n  terms 
of f i s h  popu la t ions  (Tab le  31). Prime 
h a b i t a t s  i n c l ude  t h e  mud f l a t s  of East Bay 
and t h e  mouth o f  t h e  Apa lach i co l a  R i v e r  
and t he  grass beds i n  Apal ach i co l a  Bay o f f  
S t .  George I s l and .  The unpo l lu ted ,  h iqh7y  
t u r b i d  estuary ,  w i t h  i t s  h i gh  p lank ton  
p r o d u c t i v i t y  and abundant a1 lochthonous 
d e t r i t u s ,  p resen ts  an op t ima l  environment 
f o r  ben th i c  omnivores (such as croaker and 
spo t )  and e p i b e n t h i c  ca rn ivo res  (such as 
s i l v e r  perch and sand sea t r ou t ) .  The 
Econf ina e s t u a r y  i s  a  r e l a t i v e l y  c l ea r ,  
unpo l l  u ted  system dominated by ben th i c  
p l a n t s  (macrophytes), which p rov i de  t h e  
major  source of p r o d u c t i v i t y  and h a b i t a t  
features f o r  o t he r  orqanisms i n  t he  area. 
Th i s  estuary,  which r ece i ves  cons iderab ly  
l e s s  over land r u n o f f  than t h e  Apa lach ico la  
system, i s  dominated by f i s h e s  assoc ia ted 
w i t h  t he  ex tens ive  seagrass beds i n  the  
area. Al though f i s h  p r o d u c t i v i t y  i s  
r e l a t i v e l y  h igh,  t he  sc iaen ids  are no t  as 
w e l l  rep resen ted  and account f o r  o n l y  
about 70% percen t  of t he  t o t a l  f i s h  
catches over t h e  9-year sampl i n g  per iod.  

The Fenhol loway estuary ,  po l  l u t e d  f o r  
over 20 years by p u l p m i l l  e f f l uen t s ,  i s  

B a r a t a r i  a  BayC 36 0 

San Franc icsco Bay 

Suisun Bay 95 

San Pablo Bay 100-130 

South Bay 150 

Kaneohe Say 165 

agelow L e i p s i c  River ,  80% o f  t o t a l  bay 
p roduc t ion .  

h ~ o u r - y e a r  mean (1974-1977). 
CPhytopl ankton 165, Benthos 195. 

l a r g e l y  devoid of ben th i c  p l an t s  and has 
an increase i n  phytop lankton p r o d u c t i v i t y  
and associ  a ted p l ank ton i c  Food webs. 
Q e l  a t i v e l y  h i gh  l e v e l s  of phytop lankton 
p roduc t i  v i  t y  ( de r i ved  f rom anthropoqenic 
i n p u t  o f  n u t r i e n t s )  a re  c o r r e l a t e d  w i t h  
inc reased  r e ~ r e s e n t a t i  on by f i shes  
associ  a ted w i t h  p l ank ton i c  food  webs. 
3 v e r a l l  f i s h  p r o d u c t i v i t y  has been 
seve re l y  reduced because o f  the impact of 
the  p u l p m i l l  e f f l u e n t s  on the  b i o l o q i c a l  
o r g a n i z a t i o n  o f  the  estuary .  Alteough t he  
o v e r a l l  abundance i s  low, sc iaenids are 
w e l l  represented i n  terms o f  numbers of 



Tab le  29. Approximate land use d i s t r i b u t i o n  and popu la t i on  d e n s i t y  s ~ l r r o u n d i n q  t h e  
e s t u a r i n e  s tudy areas (Nixon 1983). 

- -- ---- 
P o ~ u l  a t i  on 

S tudy  area Developed Aq r i cu l  t u r e  Other d e n s i t y  

(X)--- ( % I  -- ( % I  ( p e o ~ l  e l a c r e )  

Narraganset t  Bay 

Long I s l a n d  Sound 

New York Bay 

R a r i  tan  Bay 

Delaware Bay 

Chesapeake Bay 

Patuxent Estuary  

Potomac Es tuary  

Pam1 i co Es tuary  

Apa lach ico la  Bay 

Mob i l e  Ray 

B a r a t a r i a  Bay 

San Franc isco Bay 

Kaneohe Bay 

spec ies i n  the Fenhol loway estuary .  Th is  
phenomenon can be a t t r i b u t e d  t o  t he  f a c t  
t h a t  the p o l l u t i o n  a l t e r e d  the  n a t u r a l  
h a b i t a t  i n  such a  way as t o  induce a 
s u p e r f i c i a l  resemblance t o  t he  
Apa lach ico la  estuary.  Th i s  a1 t e red  
habi  t a t  favored p l  ankton-feedinq and mud- 
f l a t  species as o a r t  o f  an uns tab le  
succession of adven t i t i ous  poou la t ions  i n  
t.he po l  1  u ted es tuary  ( L i  v inqs ton  1qR2b). 

Compared w i t h  o ther  es tuar ies ,  the  
Apal ach i co l  a  system has r e1  a t i v e l  y  1 ow 
f i n f i s h  Tandiqqs, w h i l e  b lue crab land ings  
are moderately h i gh  (Nixon 1983). 
Yowever, i n  terms o f  oys te r  y i e l d  per u n i t  
area, the Apa lach ico la  es tua r y  was t he  
second h iqhes t  o f  those svstems surveyed 
(Nixon 1983). Al thouqh the connect ion 
between f isher.y y i e l d s  and p r imary  
p roduc t i on  remains l a r g e l v  undetermined i n  
a q u a n t i t a t i v e  sense, t he  importance OF 

t he  response of i n d i v i d u a l  spec ies t o  
v a r y i  nq sets  o f  env i ronmenta l  c o n d i t i o n s  
  rob ably p lays  a  cons iderab le  r o l e  i n  t h e  
form and d i r e c t i o n  o f  secondary ~ r o d u c t i o n  
i n  any q iven  system. A1 so, socioeconomic 
f ac to r s  are impor tan t  i n  the d e f i n i t i o n  
and use o f  a  q iven  f i s h e r v  resource.  

It i s  c l e a r  t h a t  r e1a t i ve l . y  l i t t l e  
has been done t o  compare va r i ous  
eco log i ca l  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  
es tua r i es .  P a r t  of the problem l i e s  i n  
t h e  d i f f i c u l t y  of c a r r y i n p  o u t  
s imultaneous lonq- term s tud i es  i n  separa te  
es tua r i es  us i  nq cornparabl e  methods of da ta  
c o l l e c t i o n .  The o rqan i za t i on ,  funding,  
and execut ion o f  s t ud i es  on more than  one 
such system i s  d i f f i c u l t  (Nixon lQ83).  It 
i s  c l e a r  t h a t  more c o r n ~ a r a t i v e  s t u d i e s  
w i l l  be necessary if we a re  t o  understand 
t h e  s i gn i f i cance  of t he  d r i v i n g  
environmental  features of any q i v e n  
estuary.  



Table 30. A. Approxitnate annual i n p u t  f rom l and  drainaqe and p o i n t  source discharge 
o f  d i s so l ved  i n o r g a n i c  n i t r o g e n  (NH~+ ,  N02-,  NO^-) per u n i t  area and per u n i t  volume i n  
va r ious  es tuar ies .a  The t o p  number o f  each e n t r y  i s  i n  mmol m-? ~-l, t h e  bottom number 
i s  i n  mmol m-3 y-l (Nixon 1983). 

Land Percent 
d r a i  naqe Sewage To ta l  sewage Es tuary  

Narraganset t  Bay 

Long I s l a n d  Sound 

New York Bay 

R a r i t a n  Bay 

Delaware Bay 

Chesapeake Bay 

Patuxent Es tuary  

Potornac Es tuary  

Pamlico Es tuary  

Apal ach i co l  a  Bay 

Mob i l e  Bay 

B a r a t a r i a  Ray 

Nor thern San Franc isco  Ray 

South San Franc isco  Bay 

Kaneohe Say 

860 mi nor 
250 -- 

570 m i  nor 
790 - - 

m i  nor 1,600 
-- 310 

( con t inued)  



Tab1 e 30. (Concluded. ) 

B: Approximate annual i n p u t  f rom land drainage and p o i n t  source d ischarges of 
d i sso lved  i no rgan i c  phosphate  PO^^-) per u n i t  area and per u n i t  volume i n  the  s t udy  
areas.a The pper e n t r y  f o r  each es tuary  i s  area (mrnol m-? y - l )  and t h e  lower  i s  
volume (mmol y-l) (Nixon 1983). 

Land Percent 
drainage Sewage To ta l  sewacre Estuary  

Narragansett  Bay 

Long I s 1  and Sound 

New York Bay 

Delaware Bay 

Chesapeake Bay 

Patuxent Es tuary  

Potomac Es tuary  

m i  n o r  

m i  n o r  

3.6 

Pam1 i c o  Es tua r y  mi nor 

Apa lach ico la  Bay mi nor 

Mob i le  Bay 

B a r a t a r i  a Bay 

Nor thern San Franc isco  Bay 

South San Franc isco Bay m i  nor 

Kaneohe Ray 

aData rounded t o  the nearest  10 u n i t s ,  compiled and c a l c u l a t e d  f o r  va r ious  years 
f rom different sources. 



Table 31. T o t a l  numbers o f  f i s h e s  p e r  t r a w l  sample taken a t  permanent s t a t i o n s  i n  t h e  
Apal a c h i c o l  a e s t u a r y  (3/72-7/80),  t h e  Econf ina e s t u a r y  (5/71-5/79), and t h e  Fenhol loway 
e s t u a r y  (6/71-5/79).  Numbers per  t r a w l  are averaged over t h e  e n t i r e  p e r i o d  o f  s tudy 
w i t h  percentages o f  t h e  t o t a l  number of f i shes  taken i n d i c a t e d  by  brackets .  The 25 
n u m e r i c a l l y  dominant spec ies  i n  each e s t u a r y  were used f o r  t h e  ana lys i s .  Sc iaen ids  are  
marked w i t h  a s t e r i s k s  ( f rom L i v i n g s t o n  1981b). 

Species 

T o t a l  numbers 
p e r  sample 
( %  o f  t o t a l )  Species 

T o t a l  numbers 
per sample 
( %  of t o t a l )  

- Apal a c h i c o l a  e s t u a r y  Econf ina e s t u a r y  ( con t i nued)  -- 

Anchoa m i t c h i l l i  
Leios tomus xan thu rus*  
Microooaoni  as undu l  a t  us* 

- - . . . . - - . - - 

-- 
T r i n e c t e s  m-z 
A r i ~ ~ r  f ~ l i c  ,,. . - -  . - ,  . <  - --- 
Lagodon rhomboides -- 
Smohurus o l  aa i  usa 
i T I G G G r n b r u ;  i h r y s u r u s  
Etroous c r o s s K t l ~ s  
1 --- 
M ic rogob ius  gu losus  

I 

Para1 i chthys TSi'EfiTmp - -- _T 

Menti c i r r h u s  a m ~ r i  canus 
Svn nathus s c o v e l l  i 
-5TdhG71 anceo l  a t  us* 
Anchoa h e ~ s e t u s  -- , 
Eucinostromus i r g e n t e u s  
P r i n o t u s  t r i  h u l u s  
Men i d i  a b e r y l  1 i na -- 
Gobi osoma b o s c i  --- 

- E c o n f i n a  e s t u a r y  

Laqodon rhomboi des - 
Leiostomus xanthu=* 
B a i r d i e l l  a ch rvs r t ra  
Monacanthus c i l  i a t u s  
Gobiosoma robus tum 
D i a 1 od urholir?%i8 
A -  --- 
O r t h o p r i  s t i  - s c h r y s o p t e r a  
Euci nostomus gula - 

Opsanus b e t a  
Eucinostomus a rgen teus  - 
Stephanolepis- h i s p i  dus 

~ a e m u l o n  p l u m i e r i  
PP 

Sphoero ides nephelus -- 

-- Fenhol loway e s t u a r y  - 

dnchoa m i t c h i l l i  
Leiostornus xant  hurus* 
;a odon rhoi i ibT6i- ;  
& d F f  a c h r v r u r a  
Anchoa hepset us 
Orthopris t i s 3 r  y s o p t eya_ 
Eucinostomus gula -- 
Eucinostromus argenteus 
Gobi ~ % m a  r o b u s t  urn - -  - -  
~ a r a c l i n u s  f a s c i  aTus -- 

Uroph y c i s  f F i  danus 
Cynoscion usc a r e n a r i  
Opsanus b e t  a 
5 tephanoleo is  h i s p i d u s  -- ---- 
M i c r o  nathus c r i n i q e r u s  
&nePhel us 
P o l y d a c t y l  u s  octonemus 
Cyno~c_&fi nebul  osus" 
E c a n t h u s  c i l  i a t u s  - - - - -  
C e n t r o p r l s t i s  me1 arla 
Synqnathus f l o r l  dae - 
Etropus crossotcrs 
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APPENDIX A 
OVERVIEW OF SAMPLING PROGRAM IN NORTH FLORIDA COASTAL AREAS 

Apalachicola Bay System 

a. Physi co-chemical measurements. (A1 1 stations, surf ace and bottom; March, 
1972-present; mi nimum at monthly intervals. Temperature (air), river flow and 
rainfall data from Atlanta, Georgia, to Apalachicola, Florida, (monthly, 1920-- 
present) are also on files in the data base) 

temperature (OC) 
salinity (ppt) 
dissolved oxygen (ppm) 
turbidity (J.T.U. ) 
color (Pt-Co units) 
depth (m) 
pH (since 1974) 
Secchi readings (m) 
chlorophyll a (discontinued 9/76) ( p g  e-l) 
orthophosphaFe (discontinued 9/76) ( g P a - l )  'i nitrite (discontinued 9/76) ( ~ g  N a- ) 
nitrate (discontinued 9/76) (pg N a-1) 
silicate (discontinued 9/76) (pg Si e-l) 
ammonia (discontinued 9/76) (pg NH3 e-1) 
organochlorine compounds (pesticides, PCB's, etc. ) (monthly, 1972-74) 
heavy metals (1983) 
B.O.D., C.O.D. (1983 

b .  Sediments. (representative stations, monthly intervals, 3/75-2176) 

grain size (phi units) 
organic content ( X  dry weight) 

c. Detritus. (macroparticul ates: all stations, monthly from 1/75 to present). 
microparticulates: mouth of Apalachicola and Little St. Marks Rivers, monthly 
from 8/75 to present) 

macroparticul ates (by species or t.we, g dry weight) 
microparticul ates (sieve intervals; 45 v , 88 v , 125 p , 250 v , 500 u, 1 mm, 2 mm; 
g ash-free dry weight) 

d. Phytoplankton analysis (Iverson et al. ). (selected stations, monthly intervals; 
7/72-9/76) 

qualitative (species) anal sis ! productivity (ng C m-3 hr- ) 
limiting factor analysis 



e. Grassbed (Va l l i sne r i a  americana) ana lys is .  (macrophyte samoles, m 7 ,  month? y 
from 11/75 t o  7 /77)  

By spec i e s  biomass ( g  dry weiqht) 

f. Li t te r -assoc ia ted  assembla e s ,  ( s t a t i o n s  5A, 7, and 1 X ;  q r ~ a r t e r l  y and/or 
monthly f r o m $ / b -  

By spec ies  (numbers and biomass, q ash-free dry weiqht) 

Benthic infauna. ( s t a t i o n s  1, lX, 3, 4, 4A, 54, 5R, 6 ) ;  10 r e p e t i t i v e  9. -- 
co re s / s t a t i on ;  monthly, 3/75 t o  present ) ;  weekly ( s t a t i o n  3, 5A, Marine 
Laboratory:10/82-present) 

"y spec ies  (numbers and biomass q ash-free dry weiqht) 

h .  ---- Grassbed assemblages. A 
( s t a t i o n s  44  and 4R; monthly from 11/75 t o  7/77) 

By spec ies  (numbers and biomass i n  q dry weiqht) 

i .  Qihenthic - fishes  ----- and i n v e r t e b r a t ~ ~ .  ( o t t e r  t rawls ;  a l l  s t a t i o n s ,  7/77 t o  pre- 
s ~ n t .  Trammo'f ne ts  and se ines ,  variocls s t a t i o n s )  

Ry specips (numb~rs  and biomass i n  q dry wriqht)  

j .  f;te_mach contents  f ish@$ (dominant spec ies )  and blue crabs.  ( a l l  s t a t i o n s ,  
mon t~ T+oGTT?*--v/ 7 8 ) 

--- - 

Ry qroup o r  s p c c i ~ s  according t o  month, s i z r  c l a s s ,  and s t a t i o n  hiomass (1 ach- 
f r r p  d r y  w ~ i q h t )  (Pe t e r  F .  S h ~ r i d a n ,  Roqer A.  Lauqhlin) 

k .  - 7 o ~ l a n k t a n .  (707 1 1  rnech nylon net ;  monthly from 11/73 t o  17/74) 

By s p e c i ~ s  (numbers, hiomacs, q (try wciqht) (H.  Lee Edmisten) 

1. Larval f i s h e s .  (505 is plankton ne t ;  monthly from 11/73 t o  12/74) ----- 

By cpecitas (nurnhers) (Marry ~ l a n c h e t )  

m .  M~roplanktor~ .  ( ( 3 3  I' plankton npt; weekly, lO/R? t o  present ;  s t a t i o n s  3, 5A. 
Marr ne 1-aboratory) 

n. -.--- Fi she r i e s  -- ----- data. (key comcrciaT spec ies ;  Florida Department of Natural 
~esn t r r ce s7  

(monthly from 1955 t o  present )  

7. e i a c h e e  ---- Ray System- 

a .  Physico-chemical measurements. (a11 s t a t i o n s ,  surface and bottom; June 1971 -May 
T T i ~ ; ~ ~ m 6 i i ) - i o n t h l y  i n t e r v a l s )  

temperature ( O C )  
s a l i n i t y  (ppt )  
d i sso lved  oxygen (pprn) 
t u r b i d i t y  (J.T.U. ) 
color  ( P t - C o  u n i t s )  
depth (rn) 



pH (d i s con t i nued  i n  1974) 
Secchi read ings  (rn) 
c h l o r o p h y l l  a  ( d i s con t i nued  i n  1975) (pg 
orthophosphate ( d i s con t i nued  i n  1975) ( g  P & - I )  
n i t r i t e  ( d i s con t i nued  i n  1975) N  E - ~ )  
n i t r a t e  ( d i s con t i nued  i n  1975) N a - l )  

b. Sediments. ( r e p r e s e n t a t i v e  s t a t i ons ,  October 1972; November 1972; February 
1973; monthly,  November 1976 - December 1978) 

c. Phytop lankton ana l ys i s  ( I ve r son  and B i t t a k e r ) .  ( se l ec ted  s ta t ions ,  monthly 
i n t e r v a l s ,  E10-F11, El l -F14, T21; January 1972-1975) 

q u a l i t a t i v e  (spec ies  ana l ys i s  1 p r o d u c t i v i t y  (ng C m h r - l )  

d. Ben th ic  macrophytes: long- term changes. (monthly from March 1972 - May 1979, 
a t  c e r t a i n  permanent s t a t i o n s )  

by species, m2, g  d r y  weight  

e. Ben th ic  in fauna :  seasonal v a r i a b i l i t y .  (same s t a t i o n s  as sediments; 10 r e p e t i -  
t i v e  c o r e s l s t a t i o n ;  monthly, 11/1976 t o  12/1978) 

by spec ies (numbers and ash- f ree  dr,y weight/m2) 

f. - Short -  and long- te rm v a r i a b l i  t y  o f  ep iben th ic  f i s h e s  and inver tebra tes  (numbers 
and biomass) 

Seine: marsh s t a t i o n s ,  1972-1975 
T r a m e l  nets :  Of fshore s t a t i o n s ,  1Q74-1975, 1976-1978 
M u l t i p l e  o t t e r  t r a w l  tows (7.2 m in . / s ta t ion )  monthly, E7, E8, E10, €12; F9, F10, 

F11, F12; 6/72-5/79; q u a r t e r l . ~ ,  a l l  s ta t ions ,  6/72-5/79) 

g. T roph ic  r e l a t i  onships (stomach contents)  o f  f i s h  assembl ages i n  Apalachee Bay. 
( t o p  28 species, by  numbers, a l l  s ta t ions ,  monthly f rom 6/1972 t o  12/1978) 

biomass by group o r  species, accord ing t o  month, s i z e  c lass,  and s t a t i o n  ( g  ash- 
f ree d r y  we igh t )  

h. T rnnh i r  i n t ~ r ~ r t i n n c  n f  t h ~  n i n f i z h  (I anndnn rhomboides) w i t h  kev  b i o l o s i c a l  

i. Nocturnal  f eed ing  h a b i t s  of f i s h  assemblages i n  Apalachee Bay (Joseph D. Ryan) 

j. Day/n ight  and seasonal v a r i b i l  i t y  o f  ep iben th ic  i n v e r t e b r a t e  d i s t r i b u t i p n  ( H o l l y  
S. Greening) 

k. Seasonal v a r i a b i 1 i t . y  o f  l a r v a l  f i s h e s  i n  Apalachee Bay (Kath leen Brady) 

1. Trophic  r e 1  a t  i onsh ips  o f  decapod crustaceans (K.  Leber) 



APPENDIX B 
COMPUTER PROGRAMS FOR ANALYZING FIELD AND LABORATORY DATA 

1. Spec ia l  Program f o r  Eco log ica l  Science (SPECS): System Overview 

a. I n t r o d u c t i o n  

Long-term f i e l d  s t ud i es  i n  which d ive rse  h a b i t a t s  are r e g u l a r l y  sampled 
f o r  a  v a r i e t y  o f  organisms and phys ica l -chemica l  f a c t o r s  amass l a r g e  amounts of 
data. Orqan iza t ion  and p resen ta t i on  o f  such data i n  a  u s e f u l  form has been 
a ided  s i g n i f i c a n t l y  b y  modern high-speed computers. 

A t  F l o r i d a  State, we have designed and developed a  computer so f tware  
system s p e c i f i c a l l y  f o r  use w i t h  lonq- term b i o l o g i c a l  data. P r imarv  des ign 
c r i t e r i a  have been s torage o f  a  l a r g e  data base, r e t r i e v a l  o f  v i r t u a l l y  any 
subset o f  the  data, and r a p i d  access t o  a  d i ve r se  group o f  b i o l o g i c a l ,  
s t a t i s t i c a l ,  and g raph ica l  data. 

The SPECS system has been w r i t t e n  mos t l y  i n  t h e  FORTRAN programming 
language. A few subrou t ines  are w r i t t e n  i n  t he  Con t ro l  Data Co rpo ra t i on  (CDC) 
COMPASS assembly language. SPECS operates on a  CDC 6500 o r  CYSER 74 computer 
under t h e  KRONOS ope ra t i ng  system. 

Organ iza t ion  o f  the  System 

Data s to rage  

F i e l d  and l abo ra to r y  data on phys ica l -chemica l  parameters and f i sh ,  i n v e r -  
t eb ra te ,  and p l a n t  popu la t ions  are assembled and punched on s tandard 80-co l  umn 
cards  o r  en te red  d i r e c t l y  v i a  a  computer te rm ina l .  Upon complet ion o f  a  p r e l i -  
mi nary  e d i t  a  program i s  executed t o  add the raw da ta  t o  a  data-base tape. 

Two data base tapes are maintained, each w i t h  f o u r  f i l e s  (one each f o r  t h e  
f o u r  types o f  data) .  One tape i s  always t h e  " cu r ren t "  data base, t h e  o t h e r  
serves as a  backup. Upon each a d d i t i o n  o f  new i n f o rma t i on  t h e  taoes reverse  
r o l e s .  

Raw data i n f o rma t i on  i s  a lso  copied t o  a  raw-data tape. Th i s  tape serves 
as an a d d i t i o n a l  backup copy of i n f o rma t i on  (a l though i t  i s  n o t  i n  data-base 
fo rmat  1. 

User Programs 

A1 1  user programs, procedure f i 1 es (p rede f ined  se ts  o f  o f  ten-used 
o p e r a t i n g  system commands), program l i b r a r i e s ,  and a c t i v e  data f i l e s  r e s i d e  on 
computer-center d i s k  packs ( f o r  r a p i d  access). Most of t he  SPECS system i s  
s t o r e d  as a  s i n g l e  f i l e  on one oP these d isks.  



Th is  f i l e  con ta ins  one l a rqe  program which has been s t r u c t u r e d  i n  an 
over 1  ay fo rmat  hav ing  one main over 1  ay and n i  ne secondary over lays .  Secondary 
over lays  per fo rm the  m a j o r i t y  o f  system func t i ons ,  such as load ing  data, 
so r t i ng ,  c a l c u l a t i n g  b i o l o g i c a l  i nd ices ,  p repar ing  f o r  qraphics and s t a t i s t i c s ,  
e tc .  The main o v e r l a y  s imp ly  f i e l d s  a  SPECS system command and c a l l s  f o r  t h e  
l oad ing  o f  a  secondarv over lay.  

L i b r a r y  Programs 

The F.S.U. Computer Center program 1  i b r a r y  conta ins many r o u t i n e s  accessed 
by t he  SPECS system. Among these are t h e  S t a t i s t i c a l  Package f o r  t h e  Soc ia l  
Sciences (SPSS), t h e  FSU p l o t t i n g  package, a  mapping packaqe (SYMAP), and a  
SORT/MERGE r o u t i n e .  The f u n c t i o n  o f  some SPECS secondary over lays  i s  the re fo re  
t o  prepare data base i n f o rma t i on  f o r  i n p u t  t o  these hiqher l e v e l  rou t ines .  

c. - ra t ion of t h e  System 

A1 1  programs i n  t h e  system are desiqned t o  be operated from a  remote t e l e -  
t ype  or  CRT te rmina l .  Yystem opera t ion  i s  i n t e r a c t i v e  i n  t h a t  t he re  i s  two-way 
communication between the  user and the  program. The user guides the  program 
through each s t e ~  o f  ana lys is  by en te r i ng  commands or o ther  i n f o rma t i on  i n  
response t o  quest ions d i s ~ l a y e d  by the  proqram. 

Termi na 1  Session 

A t e r m i n a l  sess ion w i t h  t he  SPECS system begins w i t h  a  user c a l l  o f  t h e  
I N I T  ( i n i t i a t e )  p r o c e d u r e f i l e .  T h i s p r o c e d u r e f i r s t a s k s t h e u s e r f o r t h e  
l o c a t i o n  o f  t he  data t o  be used i n  t h i s  run (possi  h l y  a  data base tape o r  an 
a c t i v e  da ta  f i l e ) .  I t  then gets the  SPECS proqram and i n i t i a t e s  i t s  execut ion. 

The main o v e r l a y  o f  SPECS w r i t e s  a "COMMAND?" message t o  t he  t e rm ina l  
screen. I n  response the  user enters  a  SPECS system command. The LOAD 
( r e t r i e v e )  and SORT commands are used t o  c rea te  an a c t i v e  data f i l e  from a  data-  
base tape. I f  the  user began t h i s  run  w i t h  an a c t i v e  data f i l e  (c rea ted  i n  a  
p rev ious  run) ,  the  LOAD and SORT commands are not  needed. Once an a c t i v e  da ta  
f i 1 e is  a v a i l a b l e  f o r  use, t he  user se lec ts  f rom among a  group o f  commands t h a t  
i n i  t i  ate execu t i on  o f  secondary over lays which perform analyses of a c t i v e  data. 

Upon complet ion o f  an analys is ,  the user may wish t o  l o a d  more data 
( c rea te  an a d d i t i o n a l  a c t i v e  data f i l e ) ,  request  another type o f  ana lys is  on 
t he  same da ta  f i l e ,  o r  terminate SPECS system operat ion.  When system ooe ra t i on  
i s e n d e d f i l e  d i s p o s i t i o n  i s u n d e r u s e r  con t r o l .  A c t i v e d a t a f i l e s o r o t h e r  
i n t e rmed ia te  f i l e s m a , y b e s a v e d i f  t h e y w i l l  b e u s e d a g a i n .  T h i s o o t i o n i s  
e s p e c i a l l y  va luab le  if an impor tant  f i l e  has taken a  l onq  t ime  t o  qenerate 
( t h a t  t ime  need not  be inves ted  again).  

d .  Summary 

The SPECS system cons is ts  o f  a  c o l l e c t i o n  of programs w r i t t e n  express ly  
f o r  t he  storage, r e t r i e v a l ,  and ana lys is  o f  long-term eco log ica l  data. Some 
programs per fo rm d i r e c t  c a l c u l a t i o n s  or  data manipu la t ions wh i l e  o thers  serve 
as i n t e r f a c e  programs t h a t  prepare data f o r  h igher  l e v e l  (and w ide l y  ava i l ab l e )  
program pack ages. 

I ~ t e r a c t i v e  design a f f o r d s  a  person w i t h  l i m i t e d  computer background 
immediate access t o  a  broad-based data f i l e .  I t  a lso f a c i l i t a t e s  a  rao id ,  
r e l a t i v e l y  inexpensive ye t  comprehensive ana lys is  w i t h  g rea t  f l e x i b i l i t y  of 
access t o  da ta  and forms o f  ana lys is .  A l l  opera t ions  are c a r r i e d  ou t  a t  t h e  



t e rmina l ;  new opt ions can be added e a s i l y ;  and rou t ine  per iod ic  updates of t h e  
d a t a  base a r e  e a s i l y  made. This g ives  t he  b io log i s t  t h e  use of a  soph i s t i c a t ed  
computerized software system as a  research t oo l .  

e. C a p a b i l i t i e s  

(1) Data Storage 

( a )  Physical-chemical data  (by a rea ,  s t a t i o n ,  da t e ,  t ime of day, and depth)  
-dissolved oxygen, co lor ,  t u r i  bi dty,  Secchi d i sk  depth, temperature,  pH, 

r i v e r  f low,  r a i n f a l l ,  bottom type 
- n i t r a t e ,  phosphate, ammonia, water-col umn p roduc t iv i t y  

(b )  Fish and i nve r t eb ra t e  data  (by a rea ,  s t a t i o n ,  da te ,  and t ime of day ) :  
-genus and spec ies ,  number of ind iv idua ls ,  mean s i z e  (with s tandard 

d e v i a t i o n ) ,  biomass (ash- f ree  d ry  wt . ) ,  sex ( i n v e r t e b r a t e s  on ly)  

( c )  Plant  d a t a  (by a rea ,  s t a t i o n ,  date ,  and time of day):  
-genus and spec i e s ,  t o t a l  wet and dry weight stems and r o o t s  (wet and 

dry  weight) ,  tops (wet and dry weight) 

( 2 )  Data Processinq 

( a )  Ret r ieva l  
- fo r  any area, s t a t i o n  o r  group of s t a t i o n s ,  da te  o r  ranqe of da t e s  

( b )  Sor t ing  
-by a r ea ,  da t e ,  s t a t i o n ,  t ime of day, o r  any combinaton of t he se  
-bi ologi cal  da t a  sor ted  by species  

( c )  Calcu la t ion  of b io log ica l  ind ices  (based on numbers of i nd iv idua l s  o r  
biomass per spec ies  f o r  any area,  s t a t i o n  or  group of s t a t i o n s ,  da t e  o r  
ranqe of da tes ,  o r  t ime of day):  
-Species Richness (number o f  spec ies ,  Margal e f  Index) 
-Species  Divers i ty  (Simpson index, B r i l l ou in  Index, Shannon Index, 
McIntosh/indices, Hur lbe r t ' s  E(5,)) 

-Species equi t a b l i t y  (Br i l  louin J; Shannon J '  ) 

( 3 )  Graphics 

- fo r  any a r ea ,  s t a t i o n  o r  group of s t a t i o n s ,  ranqe of da t e s ,  o r  t ime of 
day) :  p lo t t ed  as  a funct ion of time o r  any o the r  va r i ab l e  

-a1 1 physical  chemical va r i ab l e s  
- f i s h  and i nve r t eb ra t e s  

a )  number of ind iv idua ls  ( s i n q l e  spec ies  or c o l l e c t i v e  t o t a l )  
b )  average s i t e  
c )  dry weiqht biomass ( s i n q l e  spec ies  o r  c o l l e c t i v e  t o t a l )  
d )  number of species  

-p l an t s  
a )  dry weight biomass ( s i n g l e  spec ies  o r  c o l l e c t i v e  t o t a l )  
b)  number of species  

-Versatec high-resolut ion e l e c t r o s t a t i c  p l o t t e r  

( 4 )  S t a t i s t i c s  

-for v i r t u a l l y  any s e t ( s )  of numbers t h a t  can be generated by any o t h e r  
rou t i ne  in t he  system 



- l i n e a r  regress ion ,  S tuden t ' s  t - t es t s ,  non-parametr ic c o r r e l a t i o n s ,  
d i s c r i m i n a n t  ana lys is ,  f a c t o r  ana lys is ,  scattergrams, ana lys is  o f  
va r i ance  (one, two, and three-way), m u l t i v a r i a t e  ANOVA, canon ica l  
c o r r e l a t i o n s ,  e tc .  

( a )  C l u s t e r  ana l ys i s  
- c l u s t e r  by species, s t a t i on ,  o r  t ime 
- t o t a l  f l e x i b i l i t y  i n  how species, s t a t i ons ,  and dates are qrouped p r i o r  

t o  ana l ys i s  
- s e l e c t i o n  of s i m i l a r i t y  index f rom among O r l o c i ' s  standard distance, 

p roduc t  moment c o r r e l a t i o n ,  Fager, Jaccard, Sorenson's, Webb, Kendal l  , 
Czekanowski, Canberra met r i c ,  C-lambda, rho, and t a u  

- s e l e c t i o n  o f  c l u s t e r i n g  s t r a t e q y  f rom among unweighted p a i r  group ( g r p  
avg), weighted p a i r  ( c e n t r o i d )  groupinq, nearest  neighbor grouping, 
f u r t h e s t  neighbor grouping, median qrouping, and f l e x i b l e  grouping ( w i t h  
b e t a )  

(b )  Dendrogram 
- f o r  any ou tpu t  f rom c l u s t e r  ana l ys i s  
- t h ree  sca les  a v a i l a b l e  

( c )  Data r e d u c t i o n  by summary ( f o r  any area, s t a t i o n  o r  group of s t a t i ons ,  
range of dates, and t imes o f  day) 
-number o f  i n d i v i d u a l s  o r  d r y  weight  biomass by species, month, and year  

( f i sh ,  i n ve r t eb ra tes ,  and p l a n t s )  
-mean, s tandard dev i a t i on ,  and range of values over any s p e c i f i e d  t ime 

p e r i o d  ( f o r  each o f  12 physical-chemi c a l  parameters) 
- t r o p h i c  ana l ys i s  - d i e t  summary o f  food  i tems (user-def ined c lasses)  
-C-lambda ( f o r  any area, s t a t i o n  o r  qroup o f  s t a t i ons ,  date o r  range of 

dates, and t imes o f  day) 

( d )  Data smoothing 
-moving average (number o f  t ime  u n i t s  o p t i o n a l  ) 
-seasona 1 adjustment 
-da ta  t a p e r i n g  and t rend  adjustment 

( e )  Time-ser ies ana l ys i s  
-autoregress i ve moving average approach (Box-Jenki ns method01 ogy) 
- s p e c t r a l  ana l ys i s  

( f  Mapping 
-phys i  cal-chemi c a l  data, macrophyte data, f i s h  o r  i n v e r t e b r a t e  species 

popu la t i on  t o t a l s  mapped f o r  a l l  s t a t i o n s  i n  s tudy  areas (by  month) 

( g )  Data base update 
- m o d i f i c a t i o n  o f  an,y f i e l d  i n  a data base r e c o r d  o r  records  
- d e l e t i o n  o f  data records 

2. "MATRIX" Program System: Summary o f  C a p a b i l i t i e s  

a. I n t r o d u c t i o n  

The te rm "ma t r i x "  as used here r e f e r s  t o  a form f o r  h o l d i n g  numbers. I t  does 
n o t  have any a l g e b r a i c  connotat ions. A two-dimensional a r r a w a b l e )  i s  one 
v e r y  u s e f u l  and f r e q u e n t l y  encountered form f o r  t h e  p resen ta t i on  o f  numbers, In 
a t a b l e  (see below), bas ic  u n i t s  ( c e l l s )  t h a t  c o n t a i n  numbers are arranged i n  
rows and columns, where t h e  c e l l s  o f  any s i n  l e  row o r  column ( vec to r )  are - T- 
g e n e r a l l y m d  i n  some way. A t a b l e  o numbers can be considered a two- 



dimensional mat r ix .  A three-dimensional ma t r i x  (see below) comprises a  ser ies 
(o r  se t )  o f  tables,  where each t a b l e  (plane) contains the  same number of rows 
and columns. A l l  t he  numbers i n  a  s i n m a t r i x  plane are usua l l y  r e l a t e d  i n  
some way. 

COLUMNS ----? COLUMNS ----? 

ROWS 

Matr i x 
two-dimensional form 

( t a b l e )  

ROWS 

PLANES 

Mat r i  x  
three-dimensional form 

I n  the above diagrams, each c e l l  i n  a  sample column vector has been 
l a b e l l e d  w i t h  a  "C",  each c e l l  o f  a  sample row vector w i t h  an "R," and each c e l l  
o f  a  plane vector  w i t h  a  "P." 

An i n d i v i d u a l  row, column, or  plane may be r e f e r r e d  t o  by a number, and 
numbers are, by convention, assigned i n  order ( s t a r t i n q  w i th  1) i n  the d i rec -  
t i o n s  ind ica ted b y  the  arrows i n  the diagrams above. Thus a l l  the c e l l s  labe led  
w i t h  "C" above are contained i n  column "3.It An i n d i v i d u a l  c e l l  i n  a  m a t r i x  can 
always be r e f e r r e d  t o  by a  unique set  o f  th ree numbers, one each f o r  i t s  pos i -  
t i o n  by row, column, and plane. Thus the locus f o r  the c e l l  l a b e l l e d  " A "  above 
can be described as row 1, column 2, and plane 3, o r  a l t e r n a t i v e l y ,  "(1,2,3)." 
The three numbers can always be assigned, even i f  the mat r ix  i s  e f f e c t i v e l y  two- 
dimensional, as i n  a  table, o r  even one-dimensional (e.g., a  "mat r ix "  might  
s imply comprise a  s ing le  c e l l ) .  The po in t  "8" above could be located by 
(2,1,1), where - a l l  the c e l l s  i n  a  t a b l e  would be assiqned plane number 1. A 
c e l l  i n  a  s i n g l e - c e l l  ' 'matr ix" would there fore  be located a t  (1,1,1). 

b. Rat ionale f o r  the  MATRIX System 

There are two under l y i n g  reasons f o r  the  development o f  the MATQIX system. 
F i r s t ,  many a n a l y t i c a l  program packages such as SPSS, RMDP, MINITAB, PLOT-10 
Easy Graphing, and the SYMAP s p a t i a l  mapping system requ i re  input  data t h a t  i s  
e i t h e r  i n  row and column form o r  i n  some other  specia l  form i n  which a l l  data 
po in ts  t o  be u t i l i z e d  occur together (and sequent ia l l y ) .  Second, many raw data 
f i l e s  conta in  data po in t s  that,  f o r  a  c e r t a i n  desired analysis, are i n  some way 
dispersed throughout the  f i l e ;  they must be "brought together" p r i o r  t o  analy- 
s is .  Data po in t s  t o  be analyzed toqether miqht even be scat tered over several  
raw data f i l e s .  This d ispers ion  o f  data po in ts  can be espec ia l l y  troublesome 
i f ,  over a  long per iod  o f  time, many d i f f e r e n t  kinds of data (each w i t h  a  d i f -  
f e r e n t  format)  are co l l ec ted  and entered as computer data f i l e s .  

The above cond i t ions  resuf t i n  what could be ca l l ed  a  "format gap." There 
are two aspects o f  t h i s  gap: one i s  t ha t  the raw-data format i s  not  s u i t a b l e  
f o r  d i r e c t  e n t r y  of the  data i n t o  an ana ly t i c  rout ine;  the other  i s  t h a t  data 
po in t s  requ i red  fo r  an ana lys is  do not  occur toqether. The MATRIX proqram 



system was developed as a u t i l i t y  ( i .e., a t o o l )  t o  a i d  an i n v e s t i g a t o r  i n  
p u l l i n g  t oge the r  a l l  t h e  da ta  r e q u i r e d  f o r  a des i r ed  ana l ys i s  and p repa r i ng  t he  
da ta  f o r  d i r e c t  use b y  o the r  a n a l y t i c  systems. 

c .  MATRIX System Design Cons idera t ions  

The p r i n c i p a l  des ign cons idera t ion  f o r  MATRIX was f l e x i b i l i t y  i n  i n p u t  
data formats,  r e t r i e v a l  and grouping o f  raw-data f i l e  values, and i n  manipula- 
t i o n  and p r e s e n t a t i o n  o f  m a t r i x  f i l e  contents.  F l e x i b i l i t y  was achieved mos t l y  
through genera l  i za t  i o n  o f  program code; MATRIX was w r i t t e n  w i t hou t  any f i x e d  
i n p u t  f i l e  fo rmats  so t h a t  the  system cou ld  be used on a v a r i e t y  o f  i n p u t  da ta  
types. Furthermore, when a m a t r i x  i s  produced f rom raw data, t he  user i s  
o f f e r e d  a h i g h  degree o f  f l e x i b i l i t y  r ega rd i ng  which f i l e  va lues are r e t r i e ved ,  
where t h e y  are p o s i t i o n e d  a long  a m a t r i x  dimension, and how t hey  a re  "pooled" 
i n  t h e  m a t r i x  c e l l s .  Once a m a t r i x  has been created, any o f  severa l  manipula- 
t i v e  ope ra t i ons  can be performed on t he  data. Since these opera t ions  s imp ly  
a c t  on m a t r i x  rows, columns, and planes, t hey  a re  e f f e c t i v e l y  a v a i l a b l e  f o r  use 
w i t h  any MATRIX-compati b l e  i n p u t  f i l e ,  regard less  o f  t he  o r i g i n a l  format. 

Other des ign cons i de ra t i ons  were a d a p t a b i l i t y  and allowance f o r  user 
c r e a t i v i t y .  The MATRIX system has been coded i n  such a way t h a t  as new h igher-  
1 eve1 package programs become a v a i l  ab le  o r  new f u n c t i o n s  a r e  des i red  o f  MATRIX, 
the  changes necessary t o  i n co rpo ra te  t he  new f ea tu res  w i l l  r e q u i r e  a minimum of 
programming t ime. There i s  cons iderable room f o r  c r e a t i v i t y  i n  t h e  use of t h e  
MATRIX system; manipul  a t i v e  f u n c t i o n s  c u r r e n t l y  ava i  1 ab le  under MATRIX can t ake  
mat r i ces  apar t ,  " t w i s t "  them around, change t h e  contents,  and p i ece  them 
together .  I t  i s  l e f t  e n t i r e l y  up t o  t he  user t o  become f a m i l i a r  w i t h  t h e  power 
o f  these opera t ions  and t o  env i s i on  t h e i r  a p p l i c a t i o n  t o  s p e c i f i c  problems. 

d. Summary o f  MATRIX Funct ions 

L i s t e d  below are b r i e f  desc r i p t i ons  o f  t h e  f unc t i ons  performed by  MATRIX 
system opera t ions .  

GENERATE -- Produces a numeric data m a t r i x  f i l e  o f  2 o r  3 dimensions f rom an 
i n p u t  f i l e  con ta i n i ng  a1 phanumeric s to rage  keys and numeric da ta  va r iab les .  
The program prov ides  f o r  complete user  d e f i n i t i o n  o f  row, column, and p lane 
contents ,  automat ic  i n s e r t i o n  of m iss ing  values, and p o o l i n g  o f  q u a l i f i e d  
r e t r i e v a l  va lues b y  summation o r  averaging. Storage keys are w r i t t e n  a long  
w i t h  da ta  t o  serve as row, column and p lane l abe l s .  

READ -- Loads t h e  da ta  and l a b e l  i n f o rma t i on  f rom a p r e v i o u s l y  generated m a t r i x  
f i l e .  

VIEW -- D i sp l ays  ( t o  t h e  t e rm ina l )  a subsect ion o f  t h e  da ta  p o i n t s  conta ined i n  
t he  c u r r e n t l y  a c t i v e  m a t r i x  f i l e .  User de f i nes  t he  e x t e n t  o f  row, column, 
and p lane dimensions f o r  a des i red  submatr ix  (which may be t h e  e n t i r e  
m a t r i x  i f  it i s  2-dimensional). 

DESCRIBE -- L i s t s  t he  l a b e l s  assigned t o  rows, columns, o r  planes. Th is  func- 
t i o n  i s  h e l p f u l  i n  determin inq t he  con ten ts  o f  a m a t r i x .  

EDIT -- Al lows the user t o  modi fy  contents  o f  a mat r i x .  A user  may change 
l abe l s ,  c e l l  values, contents  of a vec to r  ( s i n g l e  row, column, o r  plane), 
o r  t h e  m i ss i ng  va lue code assigned t o  a ma t r i x .  He may a l s o  add a vec to r  
t o  an e x i s t i n g  ma t r i x .  



REPORT -- S i m i l a r  t o  VIEW, b u t  t h e  d i s p l a y  i s  w r i t t e n  t o  a  separate f i l e  t h a t  
i s  s u i t a b l e  f o r  p r i n t i n g .  The d i s p l a y  i s  a lso  more i n f o r m a t i v e  than  t h a t  
o f  VIEW because: 

(1) l a b e l s  a re  w r i t t e n  a long  w i t h  da ta  po i n t s ;  
(2 )  an o p t i o n a l  t i t l e  i s  provided; 
( 3 )  t he  program performs r e p o r t  paging; and 
( 4 )  margina l  t o t a l s  can be r epo r t ed  ( a t  user  op t i on ) .  

SUBMATRIX -- E x t r a c t s  a use r - spec i f i ed  subsect ion o f  a  l a r g e r  m a t r i x .  A new 
m a t r i x  f i l e  (complete w i t h  l a b e l s )  i s  created c o n t a i n i n g  o n l y  t he  se l ec ted  
po r t i on .  

MERGE -- Combines two e x i s t i n g  mat r i ces  i n t o  one, w i t h  t h e  f o l l o w i n g  
r e s t r i c t i o n s :  

(1) Both ma t r i ces  must have the  same miss ing-va lue  code; 
( 2 )  A t  l e a s t  two dimensions o f  t h e  mat r i ces  must be equal (e.q., 

each m a t r i x  has 25 rows and 3 p lanes) .  
A new m a t r i x  f i l e  (complete w i t h  l a b e l s )  i s  created. 

TRANSPOSE -- Reor ien ts  t he  dimensions o f  a  m a t r i x  i n  one of 2 ways: 
( I )  i n t e r chang ing  t h e  rows, columns, o r  planes; 
( 2 )  making a  three-d imensional  m a t r i x  i n t o  two dimensions. 

A new m a t r i x  f i l e  (complete w i t h  l a b e l s )  i s  created. 

STATISTICS -- Computes and ( o p t i o n a l l y )  d i sp1a .y~  m a t r i x  marg ina l  s t a t i s t i c s  
i n c l u d i n g  t o t a l ,  mean, standard dev ia t ion ,  number o f  m i ss i nq  po i n t s ,  and 
number o f  nonzero values. S t a t i s t i c s  can be computed f o r  e i t h e r  rows o r  
columns over  a l l  p lanes o r  a  se lec ted  plane. A m a t r i x  f i l e  ( s u i t a b l e  f o r  a 
MERGE ope ra t i on )  can a l s o  be produced i f  row s t a t i s t i c s  ( a l l  p lanes)  have 
been se lec ted .  

TRANSFORM -- Al lows a  user t o  per form data t r ans fo rma t i on  (e.q., log,  square 
r o o t ,  u n i t  convers ion)  and/or s t anda rd i za t i on  ( i  .e., t o  mean = 0, s t .  dev. 
= 1 )  A l so  permi ts  computat ion o f  l i *near  combinat ions o f  v a r i a b l e s .  

PREPARE FOR PACKAGE -- S t r i p s  a  m a t r i x  f i l e  o f  l a b e l  and header i n f o rma t i on ,  
Th is  f u n c t i o n  leaves a  f i l e  c o n t a i n i n g  da ta  p o i n t s  on ly ,  which i s  the  most 
convenient  form o f  i n p u t  t o  t h e  BMDP, SPSS, and MINITAB s t a t i s t i c a l  
packages. 

GRAPHICS -- Prepares m a t r i x  row o r  column data f o r  t h e  EZGRAF g raph ics  system. 
A  se r i es  o f  EZGRAF "ENUter da ta  commands a re  generated and w r i t t e n  t o  a  
f i l e  (which i s  saved) s u i t a b l e  f o r  EZGRAF e n t r y  w i t h  t h e  "RUN" command. 

MAPPING -- Prepares m a t r i x  da ta  f o r  s p a t i a l  mapping w i t h  t h e  SYMAP system. 
M a t r i x  columns must correspond t o  p rede f ined  s p a t i a l  l o c a t i o n s  (i .e., 
s t a t i o n s ) .  The user s e l e c t s  which m a t r i x  rows are t o  be mapped. 

SUBSAMPLE SPECIES -- A v e r y  s p e c i a l i z e d  func t ion ,  which per forms "spec ies  
accumu1ation" accord ing t o  t h e  method descr ibed by L i v i n g s t o n  e t  a1 . (1976) 
and " r a r e f a c t i o n "  accord ing t o  t he  method o f  S imbe r l o f f  (1978).  

MENU -- D i sp l ays  a  " f u l l "  menu o f  a v a i l a b l e  system opera t ions  ( d e s c r i p t i o n s  o f  
op t i ons  a re  more complete). 

END -- Terminates t h e  MATRIX program system and r e t u r n s  t h e  user  t o  i n t e r a c t i v e  
communication w i t h  t h e  ope ra t i ng  system (NOS). 



e. SPECS I n t e r f a c e s  

The SPECS computer program system (Spec ia l  Program fo r  Ecolog ica l  Science) 
was developed f o r  use w i t h  t h e  exper imenta l  and long-term b i o l o g i c a l  data o f  
Dr. Rober t  J. L i v i n g s t o n  a t  F l o r i d a  S ta te  U n i v e r s i t y .  Whi le SPECS prov ides the  
capabi 1 i t y  t o  r e t r i e v e  and s o r t  data-base in format ion and t o  ca l cu l a t e  values 
of b i o l o g i c a l  i nd i ces ,  i t  has o n l y  a l i m i t e d  a b i l i t y  t o  make these r e s u l t s  
a v a i l a b l e  i n  a form compat ib le  w i t h  h i ghe r - l eve l  packages such as BMDP, SPSS, 
EZGRAF, and MINITAB. MATRIX can a c t  as a powerful i n t e r f ace  between SPECS and 
these  programs. The SPECS da ta  base comprises the f o l l o w i n g  types o f  data: 
f i sh ,  i n v e r t e b r a t e ,  p l an t ,  t r o p h i c ,  and physical-chemical .  Usinq the SPECS 
LOAD and SORT commands, these da ta  can be r e t r i e v e d  f o r  any area(s), s t a t i o n  
( o r  group of s t a t i o n s ) ,  and da te  ( o r  range o f  dates) .  The r e s u l t i n g  f i l e  i s  
c a l l e d  a l o a d l s o r t  f i l e  and may be i n p u t  t o  MATRIX GENERATE us ing one of the  
p rede f i ned  fo rmats  descr ibed  i n  Table A. No t i ce  t ha t ,  for each data type, 
t h e r e  a r e  seve ra l  da te  op t ions .  Prudent s e l e c t i o n  of one of these can g r e a t l y  
reduce t h e  user  e f f o r t  r e q u i r e d  f o r  t h e  c o l l  apse procedure soec i f i ca t i on .  For 
example, suppose a l o a d l s o r t  i n v e r t e b r a t e  f i l e  i s  i n p u t  t o  GENERATE and the  
rows o f  the  m a t r i x  f i l e  a re  t o  be i n d i v i d u a l  months from January 1978 through 
December 1982 (60 months). If the  f u l l  date format  i s  used, t he  date key 
va lues wi  11 be l i s t e d  as i n d i v i d u a l  d a x y m ~ ) .  I t  cou ld  be ted ious here t o  
s p e c i f y  a month ly  c o l l a p s e  procedure, because a l l  t he  numerical assiqnments f o r  
t h e  days i n  01/78 would have t o  be entered, then a l l  the  assignments f o r  02/78, 
and so f o r t h  f o r  p o s s i b l y  a l l  o f  t he  60 months. I f  the  data are read w i t h  t he  

ear/month format ,  t he  day f i e l d  would be skipped and t h e  l i s t e d  values would 
be YYMM i .e., t he  month ly  c o l l a p s e  i s  accomplished by t he  format ins tead  o f  a Y_T 
l a b o r i o u s  user response).  The user c o u l d  then s imp ly  en te r  R a n d  a new row 
would be generated f o r  each month. I f  each row were t o  represent  one o f  the  12 
months o f  t he  ca lendar  year  ( i  .e., row 1 would represen t  a1 1 January's, row 2 
a l l  February ' s ,  e t c . ) ,  t h e  "month on l y "  format  would be appropriate.  Th is  f o r -  
mat causes t h e  day and year  p a r t s  o f  the  da te  t o  be ignored, leav ing  o n l y  12 
p o s s i b l e  va lues f o r  t h e  date key. 

The SPECS CALC command computes t e n  separate d i v e r s i t y ,  r ichness, and 
evenness i n d i c e s  a long  w i t h  t h e  t o t a l  number o f  i n d i v i d u a l s  and number o f  spe- 
c i e s .  These v a r i a b l e s  may be c a l c u l a t e d  f o r  any area(s),  s ta t ion (s ) ,  date(s) ,  
o r  t i m e ( s )  o f  day o r  any combinat ion t he reo f  (see SPECS manual f o r  d e t a i l s ) .  
CALC ou tpu t s  two f i l e s .  One (keyword OUTPUT) i s  s u i t a b l e  f o r  p r i n t i n g ;  t he  
o t h e r  (keyword PLOTDAT) i s  s u i t a b l e  as i n p u t  t o  MATRIX GENERATE. The use of 
t h e  MATRIX program on a SPECS CALC ou tpu t  f i l e  i s  t h e  s implest  way t o  make 
these  computed v a r i a b l e s  a v a i l  ab l e  f o r  p l o t t i n q  and/or s t a t i s t i c a l  ana lys is .  

The SPECS and MATRIX systems can be run  w i t h  maximum e f f i c i e n c y  i f  the  
user  g i ves  fo re though t  t o  e x a c t l y  what i n f o rma t i on  i s  needed f o r  h i s  ana lys is .  
A combinat ion o f  LOAD, SORT, and SLECT procedures i n  SPECS can be used t o  get 
an i n p u t  f i l e  f o r  MATRIX w i t h  l i t t l e  o r  no extraneous data. I f ,  f o r  example, 
t h e  f i s h  da ta  f o r  a l l  dates and s t a t i o n s  were r e t r i e v e d  t o  a load /sor t  f i l e  and 
i n p u t  t o  GENERATE when o n l y  t h e  data f o r  s t a t i o n s  3 and 5A from February 1978 
th rough  June 1980 were needed, two t h i n g s  would happen. F i r s t ,  MATRIX would 
have t o  read  a g rea t  deal  o f  nonre levant  data, which would r e s u l t  i n  wasted 
computer t i m e  and money. Second, t he re  would be a v e r v  l a r g e  number o f  key 
va lues  l i s t e d  i n  t h e  co l l apse  procedure, so more user t ime  and e f f o r t  would be 
r e q u i r e d  t o  s p e c i f y  t h e  co l l apse  c o r r e c t 1  y. The LOAD command causes an e n t i r e  
d a t a  base t o  be read. The records  t h a t  match t h e  load parameters are w r i t t e n  
t o  an o u t p u t  f i l e .  The SLECT command reads a l o a d l s o r t  f i l e  and w r i t e s  the  
r eco rds  t h a t  match i t s  parameters t o  a sma l le r  l o a d l s o r t  f i l e .  I f  many subana- 
l y s e s  a re  t o  be run  on a group o f  data, a LOAD command should be used t o  
r e t r i e v e  a l l  t h e  da ta  t h a t  w i l l  be r e q u i r e d  f o r  a l l  the analyses; therefore the  



Table A. Predef ined f i l e  formats ( i n c l u d i n g  l i s t s  o f  key  and v a r i a b l e  names) t o  
accomplish a number o f  SPECS-MATRIX i n t e r f aces .  

F i l e  format  Key names Va r i ab l e  names 

SPECS Load/Sort F i  1 e AREA -- I n v e r t s  ( F u l l  Date) DATE (Y YMMDD ) 
-- F i s h  ( F u l l  Date) STATION 

SPECIES 
TOO 
SEX ( i nve r t eb ra tes  o n l y )  

SPECS Laad/Sort F i l e  
-- I n v e r t s  (Date i s  Year/ 

Month o n l y )  
-- F i s h  (Date i s  Year/Month 

Only) 

SPECS Load/Sort F i l e  
-- I n v e r t s  (Date i s  Month 

Only 

SPECS LoadlSor t  F i 1 e 
-- P lan t s  ( F u l l  Date) 

SPECS Load/Sort F i 1 e 
-- P lan ts  (Date i s  Year/ 

Month Only)  

SPECS Load/Sort F i  l e  
-- PhyslChem Data ( F u l l  

Date 

AREA 
YRMON 
STAT1 ON 
SPECIES 
TOD 
SEX ( i nve r t eb ra tes  o n l y )  

AREA 
MONTH 
STATION 
SPECIES 
TOD 
SEX 

AREA 
DATE ( Y YMMDD ) 
STATION 
GENSPE 
TOD 

AREA 
Y RMON 
STATION 
SPECIES 
TOD 

AREA 
DATE 
STATION 
TOD 
DEPTHCODE 

NIND (no. o f  i nd i v . )  
BIOMASS 
NSAMP (no. of samples) 

N I  ND 
BIOMASS 
NSAMP 

NIND 
BIOMASS 
NSAMP 

DRY WT ( d r y  we igh t )  
WET WT (wet we igh t )  
NSAMP 

DRY WT 
WET WT 
NSAMP 

DEPTH CHL A 
SECCHI R I  VFLOW 
DI  SS02 RAINFALL 
COLOR NITRATE 
TURBIDITY PHOSPHATE 
TEMP PROCTVTY 
SALINITY AMMONIA 
pH 

( con t inued)  

142 



Table A. (Concluded.) 

F i  1 e format Key names Var i  ab le  names 

SPEC -- 'S Load/Sort F i  1 e AREA 
PhyslChem (Date i s  Year/ Y RMON 
Month Only)  STATION 

TOD 
DEPTHCODE 

SPECS CALC Output  F i  1 e 

DEPTH CHL A 
SECCHI RIVFLOW 
DI  SS02 RAINFALL 
COLOR NITRATE 
TURB IDITY PHOSPHATE 
TEMP PRDCTVTY 
SALINITY AMMONIA 
pH 

AREA BRILL DIV DAP 
DATE (YYMMDD) SHANN DIV MAC1 
STATION BRILL EVEN MAC2 
TOO SHANN EVEN HURLBERT 

S IMPSON TOTNf ND 
MARGALEF NSPECIES 

l a r g e  d a t a  base w i l l  o n l y  be read  once. The SLECT command can then be used t o  
c r e a t e  sma l l e r  l oad / so r t  f i l e s ,  which con ta in  t he  data f o r  s p e c i f i c  analyses. 
When these  sma l l e r  f i l e s  are i n p u t  t o  MATRIX, GENERATE w i l l  o n l y  have t o  read 
i n  r e l e v a n t  d a t a  p o i n t s  and t he  co l l apse  s p e c i f i c a t i o n s  w i l l  be easy t o  en te r .  

Cu r ren t l y ,  a1 1 SPECS commands have been placed w i t h i n  t he  MATRIX ope ra t i ng  
system, and t h e  SPECS system has been reduced t o  a data access system. 



APPENDIX C 
REVIEW OF ONGOING RESEARCH PROGRAMS OF THE CENTER FOR AQUATIC 

RESEARCH AND RESOURCE MANAGEMENT (FLORIDA STATE UNIVERSITY) 

1. Ove ra l l  Scope o f  Program 

Since 1971, toge ther  w i t h  undergraduate and graduate s tudents ,  a mu1 t i -  
d i s c i p l i n a r y  a r r a y  of s c i e n t i s t s ,  and a permanent s t a f f  o f  pos t - doc to ra l  fe l l ows  
and f u l l - t i m e  personnel,  R. J. L i v i n g s t o n  has p u t  t oge the r  a s e r i e s  o f  m u l t i -  
d i s c i p l i n a r y  and i n t e r d i s c i p l i n a r y  s t ud i es  concern ing va r i ous  aqua t i c  systems i n  
t h e  sou theas te rn  Un i ted  States. Simultaneous l a b o r a t o r y  and f i e l d  s t ud i es  
( desc r i p t i ve ,  t r o p h i c ,  exper imenta l )  have been c a r r i e d  ou t ,  and t he  r e s u l t i n g  da ta  
have been entered i n t o  a s e r i e s  o f  computerized f i  l es .  Simultaneously,  computer 
programs have been developed over t he  past  10 years t h a t  a re  designed t o  handle 
sho r t -  and long- term m u l t i d i s c i p l i n a r y  data from var ious  aqua t i c  systems. 

Cur ren t l y ,  t h e  data from t he  13-year research e f f o r t  a re  be i ng  compi led and 
o rgan ized  f o r  p u b l i c a t i o n .  These data are a lso  be i ng  u t i l i z e d  t o  des ign and c a r r y  
o u t  an ongoing f i e l d  exper imenta l  program i n  a s e r i e s  o f  f reshwate r ,  es tuar ine ,  
and mar ine h a b i t a t s .  

Labo ra to r y  -- and F i e l d  Bioassays 

A. S ing le -spec ies  t e s t s  (seagrasses, macro inver tebrates,  f i shes ;  f resh-wate r  and 
mar ine animals).  

B. Mu1 ti p le -spec ies  t e s t s  (macroinvertebrates; f reshwater and mar ine)  

C. Seagrass mi crocosms 

F i e l d  Surveys 

A. H a b i t a t  analyses ( i n c l u d i n g  p o l l u t a n t s )  and b i o l o q i c a l  components 
( p r o d u c t i v i t y ,  e p i  ben th i c  f i shes  and macro inver tebrates,  i n f a u n a l  
macro i  nve r t eb ra tes  ) 

1. Spat i  a1 comparisons among r i v e r s  and assoc ia ted es tua r i es  

a. F l i n t  R i ve r  (Georgia),  Ch ipo la  R i ve r  (F l o r i da ) ,  Econ f ina  R i v e r  
( F l o r i d a ) ,  Fenhol l  oway R i ve r  (F l o r i da ) ,  Mob i le  R i v e r  (Alabama), 
Escatawpa--East Pascagul a R ive rs  (M i ss i s s i pp i  ), Pee Dee--Sampi t 
Rivers ,  Winyah Bay (South Ca ro l i na )  

2. Temporal comparisons ( d a i l y ,  weekly, and month ly  i n t e r v a l s ;  10-12 years o f  
cont inuous data)  

a. Apalachi  c o l  a R ive r -es tuary  



b. Econf i na R i ve r -es tua r y  

c. Fenho l l  oway R i v e r - e s t u a r y  

B. Food-web s t r u c t u r e  o f  i n f  aunal macroi  nver tebra tes  and ep i  ben th ic  macroi nver- 
t e b r a t e s  and f i s h e s  ( f r eshwa te r  and marine systems) 

1. Transformat ion o f  spec i es - spec i f i c  abundance and biomass data i n t o  t r o p h i c  
u n i t s  by f e e d i n g  mode and t r o p h i c  p o s i t i o n  i n  food web 

2. Comparati ve a n a l y s i s  among systems by feed ing  mode and t r o p h i c  p o s i t i o n  i n  
food web ( t r o p h i c  u n i t )  

3. Ana l ys i s  o f  l ong- te rm (10-12) changes o f  f ood  web s t r u c t u r e  i n  d i f f e r e n t  
systems ( w i t h  and w i t h o u t  e f f e c t s  o f  p o l l u t i o n  and h a b i t a t  a l t e r a t i o n )  

4. I n t e r a c t i o n  o f  h a b i t a t  fea tu res ,  p r imary  product ion,  and food web fea tu res  

C. Impact Ana l ys i s  ( f reshwate r ,  es tuar ine ,  marine) 

I. P u l p  m i l l  e f f l u e n t s  ( 6  r i v e r i n e  and 5 e s t u a r i n e  systems) 

2. Storm-water r u n o f f  (Apal ach i co l  a  R ive r  and Bay systems) 

3. Tox i c  substances ( pes t i c i des ,  heavy meta ls)  ( F l i n t  River,  Chipola River,  
Hogtown Creek, Apa lach i co l a  R i ve r  and Bay systems) 

4. Dredging and s p o i l i n g  (Apa lach ico la  R i ve r  and Bay system) 

5. F o r e s t r y  management (Apal ach i co l  a  R i ve r  and Bay system) 

Exper imenta l  Ecology (Labora to ry  and F i e l d )  

A. V a l i d a t i o n  o f  f reshwate r  bioassays w i t h  f i e l d  d a t a  a t  t o x i c  waste s i t e s  along 
two r i v e r s  (Ch ipo la  R ive r ,  Hogtown Creek): i n f a u n a l  macroinvertebrates, ep i -  
b e n t h i c  f i s h e s  and macroi  nver tebra tes  (ongoing) 

B. V a l i d a t i o n  o f  bioassays us i ng  mu1 t i - spec i es  microcosms o f  soft-sediment, 
mar ine i n f a u n a l  macro inver tebra tes  (Apal ach i co l a  Bay system and the Yorktown 
estuary ,  V i r g i n i a )  (ongoing) 

C. P reda to r -p rey  i n t e r a c t i o n s  (sof t -sediment  areas and seagrass beds) (ongoing) 

1. Behav io ra l  eco logy 

2. F i e l d  e f fec ts  o f  p reda t i on  on p rey  assemblages 

3. I n f  1  uence o f  p reda to r -p rey  r e 1  a t  ions h i ps  on c o m u n i  t y  s t r u c t u r e  under 
v a r y i n g  env i ronmenta l  cond i t i ons  (i n t r a -  and in te rsys tem comparisons w i t h  
and w i t h o u t  p o l l u t i o n  va r i ab l es )  

4. Re1 a t i  on o f  p reda to r -p rey  r e 1  at  ionships t o  community s t r u c t u r e  and food 
web p a t t e r n s  

Models: t ime-ser ies  changes o f  phys ica l ,  chemical, and b i o l o g i c a l  var iab les i n  
va r i ous  aqua t i  c  systems (ongoing) 

A p p l i c a t i o n  - o f  research  f i nd i ngs  t o  resource management and pub1 i c  education 
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Development o f  the Apalachicola River  and Bay Nat ional  Estuar ine Sanctuary 

A. Apalachicola At las.  

B. Conti nui ng i n t e g r a t i o n  o f  reg iona l  research p ro jec ts  and a  broad spectrum 
of educational a c t i v i t i e s  (secondary, undergraduate, graduate). 

C. Input  o f  research data t o  l oca l ,  state, and reg iona l  planninglmanagement 
au tho r i t i es .  

2. Center f o r  Aquatic Research - and Resource Managment: Personnel (1984) 

Robert J. L iv ings ton (D i rec to r )  -- 
Glenn C .  Woodsum (Associate D i rec to r )  -- 

DATA PROCESS ING/ANALY S I S  

Duane A. Meeter (Associate Inves t iga tor :  S t a t i s t i c a l  Analys is)  -- - 
Loret ta  E. Wolfe (Computer programming, s t a t i s t i c a l  ana lys is )  

Shel le J. Roberts (P ro jec t  coordination, data transmission, format ion o f  computer 
+IFS ) 

FIELD OPERATIONS 

Robert L. Howell I V  ( F i e l d  co l lec t ions ,  epibenthic f i shes l i nve r teb ra tes )  -- -- 
BIOLOGICAL ANALYSIS ' 

Christopher C. Koenig (8ioassay, experimental protocols,  b io logy  o f  f i shes)  

Kenneth - -  R. Smith ( O l i  gochaete worms, benthic inver tebra tes)  

L. (Polychaete worms, benthic inver tebrates)  - 
Bruce M. Mahoney (Benthic inver tebrates,  experimental ecol oqy) -- 

Wi l l i am H. Clement~ (Benthic inver tebrates,  feeding hab i t s  o f  f i shes ,  experimental 
e c o T o g F  

W i  41 iam R. Kars te ter  (Aquatic insects, benth ic inver tebrates,  waterlsediment 
F h e i i i i  s r  

John Epler  (Aquatic insec ts )  - 
Akshin ta la  Prasad (Aquatic p lan ts )  --- 

GRADUATE STUDENTS 

Joseph Luczkovich (Ph.0.) (Predator-prey in te rac t ions ,  f i s h  foraging, experimental 
e  c f i s u )  

Jon Schmidt (Ph. D. ) (Benthic inver tebrates,  experimental ecology) - 
David Bone (Ph. D.) f Experimental ecology, food web i n t e r a c t i o n s )  -- 
F e l i c i a  Coleman (Ph.D.) (Physio logical  and behavioral ecology) 



K e l l  Cus te r  (M.S.) (Feed ing h a b i t s  of decapod crustaceans, f ood  processfnq by  2- 
b e n t h i c  i n v e r t e b r a t e s )  

D a v i d  Mayer (M. S. ) (Eco logy  of penaeid shrimp, b e n t h i c  i n v e r t e b r a t e s )  

GRADUATE STUDENTS ( c o n t i n u e d )  

Susan Ma t t son  (M.S.) ( B e n t h i c  i n v e r t e b r a t e s ,  exper imenta l  eco loqy)  

C a r r i e  P h i l  1  i p s  (M.S.) (Ben th i c  i nve r teb ra tes ,  exper imental  eco loqy)  

J. M ichae l  Kuperberg (M. 5. ) ( I n t e r a c t i o n s  o f  b e n t h i c  macrophytes and an irnals) - 
LABORATORY ANAL Y S  I S  

Kim B u r t o n  (Rough s o r t i n g ,  sample p r e p a r a t i o n )  - --- 

Howard L. J e l  ks  (Rough r o r t  i ng, sample p r e p a r a t i o n )  -- - 
Mike H o l l i n g s w o r t h  (Sediment ana lys i s ,  a l q a l  s t u d i e s )  

Stephen - B. H s l m  (Rough s o r t i n q ,  sample p r e p a r a t i o n )  

John B. Montgomery (Sample p r e p a r a t i o n )  -- 
Brenda C. L i  t c h f  i e l d  (Sample p r e p a r a t i o n )  -- --- 

Mike  Goldman (Sample p r e p a r a t i o n )  

Frank Jordan ( F i s h  i d e n t i f i c a t i o n )  - -- 
Sam Cole  (Sample p r e p a r a t i o n )  -- 
Hampton Hendry (?ample p r e p a r a t i o n )  

K l i n e  M i l l e r  (Sample p r e p a r a t i o n )  -- 
Me1 a n i e  Saunders (Data punching) -- 

Joanna G r e e n i n g  (Sample p repara t i on ,  01 i q o c h a ~ t e  mount i n q )  ---- 

C a r l  Fe l  t o n  (Sample p r e p a r a t i o n )  -- 
David  R i n g e l b e r g  - (Sample p r e p a r a t i o n )  

Sharon Solomon (Sample p r e p a r a t i o n )  -- -- 
Sandy Vardaman (Sample p r e p a r a t i o n )  

E r i c a  Meeter (Sample p r e p a r a t i o n )  -- --- 
C a r o l  Meeter (Sample p r e p a r a t i o n )  - -- 
J u t  i a  B e t h  L i v i n g s t o n  (Sample ~ r e ~ a r a t  i o n )  --- --- 

Sara Van Beck (Sample ~ r e ~ a r a t  i o n )  --- 
Cathy Wa l l  ace (Oata p r e p a r a t i o n )  
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POST-DOCTORAL ADV ISORS 

Kenneth - Leber (Feedf ng habj ts of decapod crustaceans,  exper imenta l  eco logy )  

Kevan Main (Predator-prey In te rac t ions ,  behavioral eco1og.y) -- 

Ffqure A. An avervlew of the anqainq research program of the Flor ida  Ytate Universi ty  
Aquatic Research Group csncernfnq lonq-term studlec i n  nine r i v e r  systems and s i x  
 st unries f n the southeastern Unf ted Ytates. 
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