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ABSTRACT: The principles of the dynamics and interrelationships within the dominant subtropical 
and tropical Caribbean seagrass community have been studied previously before, during, and after 
impact. From these and scores of observations of damage and recovery patterns in Thalassia 
ecosystems, a sense of management recovery strategy has emerged. Artificial restoring of Thalassia 
testudinum seeds into areas cut off from stock (fruit, seeds) appeared feasible on a large scale after 
the Turkey Point (Biscayne Bay, Miami, Florida) restoration and test sampling throughout North 
Biscayne Bay. Two large-scale seeding attempts were made; after 11 months they compared 
favorably with Turkey Point specimens with regard to growth parameters, despite the turbidity and 
other persistent pollution. Thus, the possible areas in which Thalassia Seed restoration can be used 
has increased to include estuaries of multiple impact still in various stages of recovery after physical 
and sewage pollution. This technique should be especially useful to "developing" nations where 
important nearshore fisheries nurseries based on Thalassia ecosystems have been heavily damaged 
and now lie barren. Man's impact on the estuary where seed restoration was attempted includes the 
following activities: 50 % of the bay bottom directly dredged or filled (leaving much unconsolidated 
sediment); 50 million gallons of domestic waste dumped directly into a low flushing part of the bay 
for 20 years; seven major causeways transecting the bay, restricting circulation and flushing; two 
artificial inlets made into navigational channels; freshwater sheet flow drastically changed due to 
channelization by flood-control canals~ urban runoff from a million people entering the bay. Most of 
the impacts have now abated; however, their long-term effects remain. 

INTRODUCTION 

Restoration of mar ine  and estuar ine communi t ies  as a m a n a g e m e n t  tool has l a g g e d  

far beh ind  restorat ion of terrestr ial  communi t ies  despi te  the n e e d  for rehabi l i ta t ion of 

large  areas of impac ted  estuar ine and mar ine  biota which  have  b e e n  badly  degraded.  

Only recent ly  have  feasible  la rge-sca le  t echn iques  b e e n  devised  to restore d a m a g e d  
mar ine  ecosystems (Thorhaug, 1974; Thorhaug  & Austin, 1976) .However ,  these  techni-  

ques  are not known to all nations or e v e n  to many local and Uni ted  States governmen t  

agencies ,  nor are there  adequa t e  laws and enforcement  procedures  to imp lemen t  them 

in many  nat ions and states. Part icularly in tropical  " deve lop ing"  nations, va luab le  

nearshore  f isheries have  previous ly  b e e n  badly  impacted.  In addition, large future 
impacts  are p lanned.  The  fol lowing descr ipt ion should provide  a mode l  for these  

nations. 
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Due to the  1969 U.S. Na t iona l  Env i ronmenta l  Protect ion Act, mi t iga t ion  is now 
requ i r ed  for many  la rge  projects  of impac t  loca ted  in the  coastal  zone. A perso  n a p p l y i n g  
for a pe rmi t  to dredge ,  fill or emi t  eff luents  in  the  coasta l  zone often rece ives  the  pe rmi t  
only  u n d e r  the  condi t ion  that  he  mi t iga te  the  d a m a g e  by  p l a n t i n g  an  equ iva len t  amount  
of vege ta t ion ,  e i ther  at  the  same si te after the  d a m a g e  is done (if feas ible)  or at a n e a r b y  
site a l r e a d y  i m p a c t e d  from pas t  damage .  
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Fig. 1. Location of the impacted sites studied in Biscayne Bay (Florida). 1 = Turkey Point, 2 = 36th 
Street Causeway, 3 = Margaret Pace Park 

Biscayne  Bay (Fig. 1), at  the  lower  e d g e  of the  southeas t  coast  of F lo r ida  b e t w e e n  the 
ci t ies  of Miami  and  Miami  Beach, is one of the  la rge  u r b a n i z e d  es tuar ies  r e m a i n i n g  on 
the eas t  coast  of the  Uni ted  States  not  to be  i r r epa rab ly  h a r m e d  by  man ' s  activity.  The  
southern  par t  of the  Bay has  b e e n  m a d e  into a na t iona l  m o n u m e n t  by  the U.S. Depar t -  
men t  of the  Inter ior  in  an  a t t empt  to p rese rve  it in a fair ly pr i s t ine  state. The  far southern  
end  ( inc luding  Card  Sound} had  one major  impac t  - t he rmal  eff luents  - wh ich  was  
s tud ied  by  a l a rge  group of scientists .  The po l lu t ion  a n d  base - l ine  eco log ica l  f r amework  
before,  dur ing,  and  after  eff luents  was  docume n te d  {summarized in Bader  & Roessler ,  
1971, 1972; Bader  et al., 1973; Thorhaug,  1974, in press;  Roessler  et  al., 1974; Thorhaug  & 
Roessler,  1977; Thorhaug  et al., 1979}. 
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Since 1896, North  Biscayne Bay, which  is de f ined  as the  a rea  north of the  Ricken-  
b a c k e r  Causeway ,  has  bOrne a ser ies  of impac ts  due  to the  r ap id  and  spec tacu la r  
" rea l  es ta te  boom".  Many  of these  impac ts  were  u n d o c u m e n t e d  so that  the  or ig ina l  s tate 
must  be  recons t ruc ted  from a smal l  informat ion  base .  The  impac ts  inc luded :  (1) d r e d g i n g  
and  f i l l ing more than  50 % of the  Bay bot tom north of the  R ickenbacke r  Causeway;  (2) 
d u m p i n g  50 mi l l ion  ga l lons  of s ewage  pe r  day  for 20 years  (McNulty,  1970}; (3) m a k i n g  a 
ser ies  of 7 major  causeways  wi th  no thought  to flow ( t ransect ing the f low and  chang ing  
the circulation} (the causeways  in good  par t  b e i n g  const ructed  from b a y  bot tom mater ia l ,  
d i rec t ly  k i l l i ng  ben th ic  communi t ies  and  smother ing  more); (4} u rban  runoff from the 
Miami  River, wh ich  i nc luded  ex tens ive  ship construct ion {heavy metals} runoff, f i sher ies  
indus t ry  effluents,  and  s ewage  wi th  hosp i ta l  effluents;  (5) const ruct ion of numerous  deep  
channels  for an  In t racoas ta l  W a t e r w a y  and  Port down to 35 ft. wi th in  the  a rea  of the  Bay 
which  had  a na tu ra l  m e a n  dep th  of about  6 ft. and  p r o b a b l y  d id  not  reach  more  than  
10-12 ft. m a x i m u m  dep th  unde r  na tura l  condi t ions;  (6) change  in wa te r  runoff by  the  
Flood Control  District,  wh ich  c h a n n e l i z e d  wa te r  from shee t  f low to the  Bay over  a l a rge  
por t ion of southeas t  F lor ida  into a few f lood-control  cana ls  and  rivers, chang ing  fresh- 
wa te r  d r a inage  to poin t  source, ra ther  than  sheet ,  runoff; (7) ope n ing  two ar t i f ic ial  and  
deep  channels  b e t w e e n  the Bay and  the ocean,  for nav iga t iona l  purposes ,  which  
c h a n g e d  circulat ion,  sal ini ty,  and  o ther  parameters .  

To counterac t  these  mul t ip le  impacts ,  in the  spir i t  of the  n e w  coasta l  zone leg i s la -  
tion, a concern  arose  over  poss ib le  future  events.  The first s t ra tegy was  to ga the r  
informat ion from those who  had  w o r k e d  on the Bay for a var ie ty  of reasons  and  set 
pr iori t ies .  Severa l  sympos ia  were  cal led.  The first summar i zed  al l  the  ava i l ab le  scient i f ic  
k n o w l e d g e  on the physical ,  chemical ,  b io logica l ,  sociological ,  l ega l  and  u r b a n  aspects  of 
Biscayne Bay (Thorhaug,  1976}. This was  a t t e n d e d  by  l eade r s  of gove mme n t ,  industry,  
and  science.  The  next  w e e k e n d ,  wi th  the  sympos ium p roceed ings  in  hand,  an  Amer i can  
a s sembly - type  mee t i ng  for six groups  each  of twenty  p e o p l e  {represent ing al l  in te res ted  
sectors} was  convened  to go over  p r e a r r a n g e d  impor tan t  Bay problems.  They  i s sued  a 
po l icy  s ta tement  on the Bay where  four a reas  were  h i g h l i g h t e d  as n e e d i n g  restorat ion:  
(1} biot ic  res tora t ion  of the  bot tom vegeta t ion ,  spec i f ica l ly  seagrass  and  ar t i f ic ial  reefs; 
(2} tu rb id i ty  problems;  (3) c i rcula t ion  problems;  and  (4} shore l ine  modif icat ion.  

Work ing  groups  were  formed dur ing  the next  months,  resu l t ing  in a specif ic  
sympos ium on "Restorat ion of North  Biscayne Bay" one and  one-hal f  years  later,  whe re  
the  above  four r ehab i l i t a t ion  subjec ts  were  d i scussed  in cons ide rab le  de ta i l  pa r t i cu la r ly  
b y  scient is ts  and  managers ,  and  where  a p l an  for inves t iga t ing  the feas ib i l i ty  of r ehab i l i -  
ta t ion of North  Biscayne Bay was  devised.  A def in i te  a im was  m a d e  to s eek  mul t ip le  
funding:  s tate and  county governments ,  industry,  and  rea l  es ta te  deve lope r s  have  shown 
in teres t  in par t ic ipa t ing ,  e spec ia l ly  s ince the  Bay has  b e e n  d e s i g n a t e d  an "aqua t i c  
p rese rve"  b y  the State of F lor ida  so that  no impac t  can  occur wi thout  s tate permit .  

Due to this "aqua t i c  p rese rve"  des igna t ion ,  w h e n  two county agenc ie s  found it of 
"pub l i c  necess i ty"  to d r edge  app rox ima te ly  five acres  of mar ine  bot tom ap iece  to 
construct  a sewer  ma in  (in an  a r ea  prev ious ly  d r e d g e d  for the  same} and  to inc rease  a 
ship  channe l ' s  wid th  ad jacen t  to the  Port of Miami ,  mi t iga t ion  was  wr i t t en  as par t  of thei r  
permit ,  af ter  a hea r ing  process.  

The  resul ts  desc r ibed  here  are  the  first specif ic  and  l a rge - sca le  a t tempts  to restore 
the  b io ta  of North  Biscayne Bay. They  are  b a s e d  on the concept  of in t roduc ing  the 
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dominan t  p lan t  spec ies  as the  b io t ic  food source and  as a mat r ix  of hab i t a t  for the  
animals .  

A summary  of res tora t ion  me thods  for the seagrasses  {including the  dominan t  
seagrass  th roughout  the  south  F lo r ida  Gulf  of Mexico  and  C a r i b b e a n  region,  Thalassla 
testudinum} can be  found in Thorhaug  & Aus t in  (1976). In brief,  ear ly  a t tempts  by  p l u g  
were  unsuccessfu l  due  to the  absence  of ap ica l  mer i s t em ma te r i a l  th roughout  the  
rh izomal  s tructure of Thalassia (Tomlinson, 1974}. The seed ing  a t tempts  (Thorhaug,  
1974} have  b e e n  much  more  successful;  thus, the  efforts m a d e  in Nor th  Biscayne  Bay to 
res tore  the  dominan t  seagrass  were  al l  done  by  seed ing .  

The  bas ic  s t ra tegy of these  res tora t ion  efforts was  to d i rec t ly  p lan t  the  dominan t  
vege ta t ive  species ,  Thalassia testudinum, a mar ine  ang iosperm,  which  a p p e a r s  to have  
long recovery  t ime after  impac t  and  in Biscayne  Bay is at  the  edge  of its North  At lan t ic  
range.  E l imina t ion  of the  spec ies  by  po l lu t ion  p lus  bar r ie rs  to its re turn  (causeways  and  
t renches)  have  resu l ted  in  ex t r eme ly  smal l  pa tches  of Thalassia at ve ry  inf requent  
in terva ls  in Nor th  Biscayne  Bay. 

The first l a rge - sca le  Thalassia t r ansp lan ta t ion  was  car r ied  out in South Biscayne Bay 
in 1973 b y  p l an t ing  two corr idors  in an  a rea  p rev ious ly  d e n u d e d  by  the rmal  eff luents  
{thence d i r ec t ed  offstream) (Thorhaug,  1974}. Four  years  later,  dens i t ies  of seagrasses  
hav ing  2030 b l ades  m -2 deve loped ,  c o m p a r e d  wi th  the  2295 in the  ad jacen t  control  a reas  
which  had  never  b e e n  b e e n  affected by  the hea t  (Thorhaug,  1979). The seagrasses  h a d  
f lowered  and  f rui ted  and  a p p a r e n t l y  were  r e s e e d i n g  the  ad jacen t  areas.  (A control  for 
na tu ra l  r e s e e d i n g  is desc r ibed  be low at Cut ler  Ridge.} 

A seasona l  s tudy on the an ima l  popu la t ions  that  have  reco lon ized  the res tored  
seagrasses  in South Biscayne Bay at Turkey  Point after four years  (McLaughl in  & 
Thorhaug,  1978, 1979; and  McLaugh l in  et al., in  press} showed  that  there  was  no 
s ta t is t ical  d i f ference  b e t w e e n  the a b u n d a n c e  of spec ies  and  s imi la r  d ivers i ty  ind ices  
found in the  res tored  Thalassia and  in ad j acen t  control  a reas  wh ich  had  not  b e e n  
i m p a c t e d  by  the rmal  effluents.  A la rge  di f ference was  seen  b e t w e e n  res tored  a reas  and  
ba r r en  areas  wh ich  had  not  b e e n  restored.  F o o d - w e b  organ isms  seen  in pa r t i cu la r  
number s  were  juven i l e  s tages  of fishes (total for al l  months:  351 in  res tored  Thalassia 
versus  19 in ba r r en  unrestored} and  juven i l e  s tages  of shr imp (163 in res tored  Thalassia 
versus  9 in ba r r en  unrestored) .  

Based  on this success,  an  inves t iga t ion  of a ser ies  of test  locat ions  was  u n d e r t a k e n  to 
look at  the  poss ib i l i ty  of res tor ing  Thalassla in the  mul t ip le  i m p a c t e d  Nor th  Biscayne 
Bay (Thorhaug & Hixon, 1975}. The resul ts  from this site showed  that  g rowth  of seagrass  
seed l ings  was  poss ib le  in  Nor th  Biscayne  Bay; that  is, the  wa te r  qual i ty ,  after the  
a b a t e m e n t  of most  of the  pol lu tants ,  had  re tu rned  to a qua l i ty  capab le  of sus ta in ing  
seagrass  growth.  However ,  some of the  phys ica l  condit ions,  such as the  wave  act ion wi th  
assoc ia ted  pressures  and  tu rb id i ty  from the boa t  channe l  and  the s t rong t ida l  currents  
i n d u c e d  by  channel iza t ion ,  a p p e a r e d  to cause  a h igh  mor ta l i ty  rate.  The  op t imal  a rea  for 
p l an t ing  a p p e a r e d  to be  the  most  cent ra l  ba s in  which  was  leas t  f lushed  and  co inc iden-  
t a l ly  had  b e e n  leas t  i m p a c t e d  dur ing  the bo t tom dredg ing .  
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METHODS 

The 36th Street  Causeway ,  d r e d g e d  in 1958 from the Bay bottom, is composed  of 
sand.  The north s ide  has  a very  gen t l e  slope. After  20 years ,  the  p reva len t  vege ta t ion  was  
the  seagrasses  Halodule wrightii in the  sha l low wate r  and  Syringodium filiforme in the 
d e e p e r  water ,  wi th  an  outer  f r inge from 8 ft. of Halophila baillonis. The p rev ious ly  
dominan t  spec ies  (Thalassia) was absent .  The bas in  is the leas t  f lushed,  but  the  leas t  
i m p a c t e d  in North  Bay. Turb id i ty  levels  (from aer ia l  and  d iv ing  observat ions)  are  the 
lowest  in  this bas in  for North  Biscayne Bay. 

The Marga re t  Pace Park a rea  is loca ted  on the midd le  wes te rn  b a n k  of the  city of 
Miami ,  just  north of the  Vene t i an  Causeway .  This pa rk  was  recen t ly  f i l led  wi th  mate r ia l s  
b rought  from u p l a n d  and  the in te r t ida l  a rea  f i l led  wi th  r iprap;  the  subl i t tora l  a r ea  is 
sandy  but  has fine silt  and  fine muds  as one progresses  outward.  Immed ia t e ly  ad jacen t  to 
the  p a r k  wi th in  400-500 m is the  In t racoas ta l  Wate rway ,  a t rench of 10 m d r e d g e d  by  the 
U.S. Army Corps  of Eng ineers  and  m a i n t a i n e d  at  r egu la r  intervals .  The s lope is qui te  
s teep  in some por t ions  at  the  nor thern  end  and  fair ly gen t l e  at the  southern  end.  Prior to 
the restorat ion,  there  were  pa tches  of Halodule wrightii in smal l  a reas  in the  sha l lower  
por t ion  of the  subl i t tora l  reg ime,  then  b e l o w  7 ft. (high t ide) Halophila baillonis 
d o m i n a t e d  down to 10 ft. This bas in  was  heav i ly  d r e d g e d  to m a k e  ar t i f ic ial  i s lands  and  
channels  and  has  a h igh  tu rb id i ty  level ,  e spec ia l ly  dur ing  ou tgo ing  t ide.  (This was 
se lec ted  as a "poor"  to "diff icul t"  site as opposed  to the  36th Street  Causeway ,  which  
was  an  op t imum but  exposed  h i g h - e n e r g y  site.) Cons ide rab l e  t ida l  currents  occur at 
Marga re t  Pace Park. Turb id i ty  levels  are  high,  and  l ight  pene t r a t ion  to the bo t tom is low. 

Cut ler  Ridge is an  a rea  on the  midd l e  wes te rn  b a n k  of the  southern  par t  of North 
Biscayne Bay which  had  348 M w  fossil  fuel  p lan ts  p roduc ing  e lec t r ic i ty  and  r e l ea s ing  
the rmal  eff luents  of a + 7 ~ into the es tuary  since 1948. It was  c losed in  1975. Dur ing  
the last  years  of opera t ion  (1968-1969), Smith  & Teas (1977) s tud ied  the vege ta t ion  and  
found a l a rge  (35 ha) a rea  d e n u d e d  of Thalassia testudinum, a f r inge  of Halodule 
wrightii, and  b e y o n d  the leve l  of the  hot test  effluents,  a communi ty  of Thalassia 
testudinum. This p lan t  is 16 k m  north of the  Turkey  Point p lan t  on the same  coast l ine  
and has  no other  major  indus t r ia l  eff luents  in the area.  Low hab i t a t ion  of the  shore l ine  
also occurs here.  

TECHNIQUES 

Methods  of p l an t ing  the dominan t  seagrass ,  Thalassia testudinum, fo l lowed that  of 
Thorhaug  (1974). Fruit  was  col lec ted  from nearshore  waters ,  deh i sced  and he ld  in 
nursery  condit ions.  Seeds  were  p l an t ed  in matr ices  by  h a n d  at in tervals  of 1 ft., b eg in -  
n ing  from the shore l ine  and  p r o c e e d i n g  ou tward  at Marga re t  Pace Park, and  in t ransects  
pa ra l l e l  to the shore l ine  at  inc reas ing  depths  at  36th Street  Causeway .  

Halodule wrightii was r emoved  in p lugs  wi th  a post  hole  d igge r  at 3-ft. in tervals  
from ad jacen t  Halodule wrightii beds  on the 36th Street  C a u s e w a y  and  M a r g a r e t  Pace 
Park sites. A hole  was  dug  at the  site by  the post  hole  d igge r  into wh ich  the Halodule 
p lug  was  p l a c e d  and  sand  was  pa t t ed  by  h a n d  a round  the p lug  to s tab i l ize  it. This is af ter  
the me thod  of Van  Breedve ld  (1976). 

Transects  of the  bot tom vege t a t i on  at  Cut le r  Ridge  were  t a k e n  in 1977, 1978, and  
1979. Inves t igators  ga the red  the 1977 da ta  by  swimming  a long  a ser ies  of observa t iona l  
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grids ou tward  from the mouth  of the canal,  not ing plant  communi t ies  and any Thalassia 

seed l ings  which  had  b e e n  recru i ted  into the area. The 1978 and 1979 studies were  done 

by mak ing  formal quant i ta t ive  counts of the benth ic  vege ta t ion  at 10-m intervals  going  

in f ixed direct ions from the mouth  of the effluent. 

RESULTS 

The results for the Thalassia seed l ings  dur ing four measur ing  per iods (November  

1978 and February~May~July 1979) from the two sites in North Biscayne Bay are 

compared  wi th  the results t aken  in 1973-74 from Turkey  Point res tored Thalassia 

testudinum seed l ings  in Table  1. In general ,  s ignif icant  growth of blades,  roots and 

rhizomes was seen  in the Thalassia seed l ings  at all three sites. The  large  growth rates 

came at the very ini t ia t ion of the growth per iod dur ing the ear ly  fall, then  as the w ea the r  

w a r m e d  in the spring and summer,  ind ica t ing  a t empera tu re - l igh t  growth dependency .  

Rhizomal  sprout ing and growth came pr imari ly  after 6 months  and short-shoot growth 

after 8 months,  whereas  b lade  growth occurred v igorously  at the very  beg inn ing ,  as did 

root propagat ion.  The  11-month growth showed  cont inuat ion of the b lade  and rh izome-  

l eng then ing  process and the appea rance  of second and third short-shoot b lade  growth on 

a large pe rcen t age  of the rhizomes.  After 8 months, 51 ~ of those seedl ings  in North 

Biscayne Bay had  rh izomal  or lateral  expansion,  whereas  89 0/0 of those at Turkey  Point 

did. This indicates  grea te r  la teral  expans ion  at Turkey  Point than  in North Biscayne Bay. 

Table 1. Summary of growth rate of restored Thalassia testudinum seedlings in three impacted sites 
in Biscayne Bay, Miami, Florida (length is given in cm) 

Stations Number Longest Number Longest Rhizome Number Number 
of blades blade of roots root length with with 

rhizomes second 
(%) shoot (%) 

November (3 mo.) 
Turkey Point 5.0 7.6 n,d. * 5.9 0 0 0 
36th Street Causeway 3.7 10.8 3.3 7.8 0 0 0 
Margaret Pace Park 3.6 8.0 3.6 6.9 0 0 0 

February (6 mo,) 
Turkey Point 15.5 8.4 6.6 5.2 
36th Street Causeway 3.9 10.1 5.1 7.8 0.2 25 0 
Margaret Pace Park 3.7 6.7 4,2 6.8 0.2 16 0 

May (8 mo.) 
Turkey Point 3.7 16.5 8.6 6.8 4.7 89 
36th Street Causeway 4.6 11.5 6.4 7.4 1.5 53 10 
Margaret Pace Park 3.9 11.9 9.0 7.9 1.0 42 0 

July (11 mo.) 
Turkey Point 4.2 28.9 12.0 n.d. 13.5 96 96 
36th Street Causeway 4.4 27.2 7.7 7.1 6.0 85 10.2 
Margaret Pace Park 3.8 16.7 5.3 6.7 6,6 92 45.7 

* n.d, = no data 
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Of the two North Biscayne Bay sites, plants  from the area with genera l ly  clearer water, 

the 36th Street Causeway site, had  1 1 %  greater  lateral  expans ion  of the rhizomes and  
10 % of these had short shoots, whereas  none  of the Margaret  Pace Park plants  had  short 
shoots after 8 months. After 11 months, the 36th Street Causeway once more showed a 
s ignif icant ly greater  proport ion of its popula t ion  hav ing  short shoots than  that at 

Margaret  Pace Park. 
The results at Cutler  Ridge showed that in  1977-78 in  the area to the mouth  of the 

Cutler  Ridge p lan t  there were 17 ind iv idua l  seedl ings  of Thalassia testudinum found 
wi th in  10 acres. The bot tom was almost ent i rely ba r ren  wi th in  100 m of the mouth  of the 
effluent. As one progressed toward Chicken  Key and  toward the spit of l and  to the south, 
a zone of patchy Halodule wrightii b e g a n  appear ing  and  at very inf requent  intervals,  a 
patch of Syringodium filiforme. Toward the outer fringes where  the Thalassia bed  had  
r ema ined  un touched  dur ing  the effluent, much  more dense  Halodule wrightii, up to 3000 
blades  m -2, appeared.  In 1979, the survey showed that the densi ty  of outer Halodule 
wrightii had increased up to 4900 blades  m -2, and  the zone reached into the very mouth  
of the canal. The middle  zone, which  had b e e n  either ba r ren  or extremely patchy, had 
filled in  with light, but  homogeneous,  quant i t ies  of HaloduIe wrightii. The amount  of 
Thalassia found was one p lant  in  4500 m 2 on one transect;  five plants  in  8100 m 2 on a 

second transect; and  no plants  in  4500 m 2 on a third transect (one p lant  per  2850 m2). 
In 1979, transects showed that Thalassia testudinum could be found as two-year old 

(3), one-year  old (3), and new  seedl ings  in  extremely inf requent  abundance .  The two- 
year  old plants  had progressed to approximately  7 short shoots per  seedling~ the one- 
year  old plants  had 3 to 4 short shoots per  seedl ingl  and the 1979 plant  had  simply the 
seed and  the b lade  group. Halodule wrightii had  homogeneous ly  covered the area up to 
the mouth  of the canal~ a l though there were now some patches of barrenness ,  most of the 
bottom was covered by Halodule wrightii to the edge of the Thalassia testudinum beds at 
the very outer fringe of the previously denude d  area. 

DISCUSSION 

The dynamic  ecology of the Thalassia ecosystem as out l ined from extensive studies 
adjacent  to a power p lant  in  South Biscayne Bay as wel l  as other places in  southeast  Flo- 
rida and  the Car ibbean  al lowed us to assess the effects of man ' s  impact  on the Thalassia 
community.  Restoration efforts after the impact  had b e e n  removed showed that w h e n  the 
dominan t  p lant  species (Thalassia) was replanted,  the an ima l  communi t ies  re turned  into 
the Thalassia matrix wi th in  4 years (McLaughlin et al., in  press). It is too early to 
determine the n u m b e r  of survivors due to the difficulty of observing the longer -b laded  
Halodule at this time. The survival  at the two sites is l ikely to be different since, due to 
contractual  delays, the Margaret  Pace Park was p lan ted  3 days before a heavy storm, 
whi le  the 36th Street Causeway was p lan ted  with 3 weeks  of calm weather  following. 

The criterion used for the comparison of the seagrass recovery at the "opt imum" site 
for North Biscayne Bay (36th Street Causeway) and  the "'poor" site (Margaret Pace Park) 
is size versus time. The growth rate of restored seedl ings  of Thalassia was vigorous in  
both of these North Biscayne Bay areas and  compared favorably with the growth in  the 
singly impacted (thermal impact) area otherwise not degraded in  South Biscayne Bay at 
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Turkey  Point, w h e r e  wa te r  condi t ions  were  more  favorable .  The rh izomal  growth  is an  
ind ica t ion  of the  ra te  of l a te ra l  expans ion  of the  seedl ings ;  recovery  rate  of the  a r ea  is in 
good  par t  d e p e n d e n t  on this. Rhizomal  growth  after 11 months  had  occurred to 85 % of 
the  p lan t s  at the  op t imum Nor th  Bay si te (6.0 cm m e a n  length)  and  92 % of the  p lan t s  at 
the  " ave rage"  site (6.6 cm m e a n  length),  w h e r e a s  96 % of the  Turkey  Point samples  h a d  
la te ra l  expans ion  after 11 months,  wi th  a m e a n  l eng th  of 13.5 cm. After  11 months,  
a p p e a r a n c e s  of second  and  th i rd  short  shoots on the  rh izome occurred  in 28 % of the  
Nor th  Biscayne Bay plants ,  wh i l e  occurr ing  to 96 % of the  p lan t s  in South Bay (Turkey 
Point). Thus, more  r ap id  l a te ra l  sp r ead  occurred  at the  less po l lu t ed  area.  

G e n e r a l i z e d  chemica l  measu remen t s  t a k e n  by  a p a r a l l e l  p rog ram (Dade County  
Depa r tmen t  of Env i ronmen ta l  Resource Managemen t /DERM)  from the Nor th  Biscayne  
Bay si tes show that  there  are  not  unusua l  concent ra t ions  of any  subs tance  k n o w n  to be  a 
po l lu tan t  a c c u m u l a t e d  at these  sites. The  sal ini t ies ,  t empera tures ,  and  other  wa te r  
pa r ame te r s  fal l  w i th in  no rma l  va lues  for such an  es tuar ine  area.  However ,  the chief  
r emnan t  from 7 decades  of man ' s  impac t  is tu rb id i ty  due  to the  la rge  amounts  of 
u n c o m p a c t e d  s e d i m e n t  d i s a r r a n g e d  by  var ious  d r e d g i n g  procedures .  Turb id i ty  does 
pers i s t  at both  of the  North  Bay sites and  is pa r t i cu la r ly  ev iden t  dur ing  pe r iods  of w in te r  
cold fronts a c c o m p a n i e d  by  h igh  winds.  However ,  at the  M a r g a r e t  Pace Park dur ing  
ou tgo ing  t ides,  an  inc rease  in tu rb id i ty  leve l  is def in i te ly  not iceable .  In addi t ion,  a s torm 
sewer  runoff occurs here  wh ich  pe r iod ica l ly  inc reases  turbidi ty .  One  resul t  is that  l ight  
pene t r a t i on  is less than  in  South Bay at the  same depth.  The  re la t ionsh ip  b e t w e e n  l ight ,  
turbid i ty ,  r e s to red  s e e d l i n g  g rowth  and  ra te  of res tora t ion  of the  communi ty  in  i m p a c t e d  
es tuar ies  is thus of p r ime  impor tance  for future inves t iga t ion .  

The ra te  of r ecupe ra t ion  from man ' s  impac t  in  South Biscayne Bay can bes t  be  seen  
at the  Cut ler  Ridge  p o w e r  plant ,  w h e r e  no in te rven t ion  by  res tor ing seagrasses  has  
occurred s ince the  cessa t ion  of the rmal  d i scha rge  3.5 years  ago. The  success iona l  s tage  
seagrass  Halodule wrightii has r e tu rned  wi th in  3.5 years  to cover  most of the  a rea  wi th  a 
r e la t ive ly  homogeneous ,  but  in some a reas  sparse,  cover. Ex t remely  in f requent  seed-  
l ings  of Thalassia testudinum occur. From the rate  of s eed  rec ru i tment  (one p l an t  pe r  
2850 m 2 after  3.5 years)  as we l l  as from the ra te  of l a te ra l  g rowth  of the  rhizomes,  one 
migh t  ex t rapo la te  that  15 to 20 years  w o u l d  be  necessa ry  for mode ra t e  dens i t ies  (1500 to 
2000 b l a d e s  m -2) of Thalassia to re turn  into this  a rea  by  na tura l  means .  In compar ison,  
the  res to red  a r ea  at Turkey  Point, 16 km up the  shorel ine,  h a d  2030 b l a d e s  m -2 after  4 
yea r s  from the cessa t ion  of t he rma l  effluent.  The  a rea  in Nor th  Biscayne  Bay a round  the  
36th Street  C a u s e w a y  had  con ta ined  Thalassia (McNulty,  1970). Twenty  yea r s  after 
impact ,  no na tu ra l  recovery  h a d  occurred.  The M a r g a r e t  Pace Park  was  f i l led  after 1960. 
Sparse  Halodule cover wi th  m e d i u m  Halophfla in d e e p e r  waters  was  the  vege ta t ion ,  so 
that  Thalassia def in i te ly  d id  not na tu ra l ly  recover  in  this a rea  ei ther .  

The  effort de sc r ibed  y ie lds  da ta  b e y o n d  that  for m a n a g e m e n t  tools. The  da ta  base  for 
the  phys io log ica l  eco logy  of Thalassia is e n h a n c e d  in terms of s e e d l i n g  growth  rate,  
rh izomal  la te ra l  expans ion  ra te  and  success iona l  in terac t ion  b e t w e e n  the severa l  sea-  
grasses,  ra te  of s e e d l i n g  matura t ion ,  age  of f rui t ing of the  p l an t  and  informat ion about  
phys io log ica l  races.  
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