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ABSTRACT

S e e d l in g  o f  T h a l a s s i a  te s tud inum  Banks ex König from th e  F lo r id a  

Keys, Biscayne  Bay, and Tampa Bay e x h i b i t e d  d i s t i n c t i v e  morphogeo- 

g r a p h ic a l  growth p a t t e r n s  under  a v a r i e t y  o f  c u l t u r e  c o n d i t i o n s .

Root and l e a f  b la de  growth  was g r e a t e s t  f o r  t h e  s o u t h e r n ,  F l o r i d a  

Keys p o p u l a t i o n  and lo w es t  f o r  the  n o r t h e r n ,  Tampa Bay p o p u la t i o n ;  

Biscayne  Bay s e e d l i n g s  e x h i b i t e d  i n t e r m e d i a t e  growth r a t e s .  Leaf 

w id th s  c o r r e l a t e d  w i th  growth p a t t e r n s  o f  c u l t u r e d  s e e d l i n g s  and 

p a t t e r n s  in  t h e  in d igenous  h a b i t a t s .  Responses to  n u t r i e n t  enr ichment  

were i n v e r s e l y  r e l a t e d  t o  s h o o t  growth r a t e s ,  such t h a t  th e  n o r th e r n  

p o p u la t i o n  e x h i b i t e d  t h e  g r e a t e s t  i n c r e a s e  in  g row th ,  w h i le  t h e  sou th e rn  

p o p u l a t i o n  responded t h e  l e a s t ;  Biscayne  Bay s e e d l i n g s  were ag a in  i n t e r ­

m e d ia te .  These p a t t e r n s  s u g g e s t  p h y s i o l o g i c a l  a c c l i m a t i z a t i o n  o f  T. 

t e s tu d in u m  p o p u l a t i o n s  t o  t h e i r  in d igenous  e n v i ro n m e n ts ,  a c h a r a c t e r i s t i c  

which may be im p o r t a n t  when s e l e c t i n g  seed s to c k  f o r  r e v e g e t a t i o n  p ro ­

j e c t s .  A c u l t u r e  t e c h n iq u e  u t i l i z i n g  b io d e g ra d a b le  compressed p e a t  con­

t a i n e r s  was examined.  Th is  method has p o t e n t i a l  f o r  development o f  

n u r s e r y  s t o c k  and a i d i n g  in  t h e  anchorage  o f  t r a n s p l a n t e d  s e e d l i n g s .
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INTRODUCTION

S eagras s  beds p la y  an im p o r t a n t  r o l e  in  c o a s t a l  marine  ecosystems 

(Wood, Odum, and Zieman,  1969; den H ar tog ,  1977) .  Recogn i t ion  o f  t h i s  

im p o r tan ce ,  and t h e  f a c t  t h a t  s e a g r a s s e s  a r e  s u b j e c t  to  s e v e re  impacts  

by man 's  a c t i v i t i e s  in  t h e  c o a s t a l  zone (Thayer ,  Wolfe,  and W i l l i am s ,  

1975) ,  has l e d  t o  t h e  development  o f  a v a r i e t y  o f  r e v e g e t a t i o n  method­

o l o g i e s  (K n igh t ,  Knutson,  and P u l l e n ,  1980) .  R e v eg e ta t io n  s t u d i e s  i n ­

v o lv ing  t h e  t r o p i c a l - s u b t r o p i c a l  s p e c i e s  T h a l a s s i a  te s tud inum  Banks 

ex König have u t i l i z e d  p l u g s ,  s o d s ,  i n d i v i d a u l  s h o o t s ,  seeds  and seed­

l i n g s  (K e l ly ,  Fuss ,  and H a i i ,  1971; E l e u t e r i u s ,  1974; P h i l l i p s ,  1974; 

Thorhaug,  1974;  van B reedve ld ,  1975; Lewis and P h i l l i p s ,  1980a) .  The 

a p p a r e n t  s u cces s  o f  s e v e r a l  l a r g e  s c a l e  r e v e g e t a t i o n  p r o j e c t s  in  Biscayne  

Bay, F l o r i d a ,  u t i l i z i n g  seeds  and s e e d l i n g s  (Thorhaug,  1974,  1979) ,  i n ­

d i c a t e s  t h a t  t h e  use o f  seed m a t e r i a l  may be t h e  most  s u i t a b l e  method f o r  

m i t i g a t i o n  p r o j e c t s  i n v o l v in g  T. t e s t u d i n u m . Lewis and P h i l l i p s  (1980b) 

r e c e n t l y  proposed  t h a t  seed m a t e r i a l  m igh t  r educe  th e  c o s t  o f  s e a g r a s s  

m i t i g a t i o n  i f  l a r g e  numbers o f  seeds  a r e  p e r i o d i c a l l y  a v a i l a b l e .

Compared to  d e s t r u c t i v e  t r a n s p l a n t i n g  t e c h n i q u e s ,  such as sod o r  plug 

remova l ,  t h e  a p p a r e n t  n o n d e s t r u c t i v e  n a t u r e  o f  c o l l e c t i n g  seeds s u g g e s t s  

t h a t  t h i s  method should  be examined i n  d e t a i l .  We s t r e s s  a p p a r e n t  s in c e  

th e  impac t  o f  sexual  r e p r o d u c t i o n  in  ma in tenance  o f  e s t a b l i s h e d  beds i s  

unkown.

When c o n s i d e r i n g  seed s t o c k  f o r  m i t i g a t i o n  p r o j e c t s ,  t h e  p o s s i b i l i t y  

o f  g e n e t i c  f i x i n g  in  l o c a l  s t r a i n s  may be im p o r ta n t  (Odum, 1971).. 

G e o g ra p h ic a l ly  s e p a r a t e d  T. te s tud inum  p o p u l a t i o n s  e x h i b i t  e c o p l a s t i c  

l i m i t s  t h a t  a r e  a d a p t i v e  t o  lo c a l  c o n d i t i o n s  (McMillan,  1978,  1979; 

McMillan and P h i l l i p s ,  1979}.  Responses to  th e  i n f l u e n c e  o f  h a b i t a t
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i n c lu d e  v a r i a t i o n  in  l e a f  l e n g t h  and w id th  ( P h i l l i p s ,  1960; Zieman,

1974) and v a r i a b l e  r e p o r d u c t i v e  p a t t e r n s  (.Grey and M o f f l e r ,  1978;

M o ff le r  and Durako, u n p u b l i sh e d  d a t a ) .  In t h i s  r e g a r d ,  t r a n s p l a n t i n g  

seeds  o r  s e e d l i n g s  from remote l o c a t i o n s  may r e s u l t  i n  f a i l u r e  o r  poor 

s u c c e s s  s i n c e  t h e y  l a c k  t h i s  f a c t o r  com pensa t ion .  The p o s s i b i l i t y  o f  

pathogen  i n t r o d u c t i o n  u t i l i z i n g  non loca l  s eeds  a l s o  s u g g e s t s  t h a t  i n d i g ­

enous seed s to c k  would be p r e f e r a b l e  f o r  r e v e g e t a t i o n  p r o j e c t s .

S eag ra s s  r e s e a r c h  a t  t h e  F l o r i d a  Department  o f  N atu ra l  Resources  

Marine Research  L a b o ra to ry  has in v o lv ed  s t u d i e s  on t r a n s p l a n t  t e c h n iq u e s  

( .Darovec .e t  a l . ,  1975; van B reedve ld ,  1975) and a s p e c t s  o f  t h e  r ep ro d u c ­

t i v e  eco logy  and p h y s io lo g y  o f  T.  t e s tu d in u m  in  F l o r i d a  ( M o f f l e r ,  1976; 

Grey and M o f f l e r ,  1978;  M o f f l e r ,  Durako,  and Grey,  1981) .  The aim o f  

t h e s e  i n v e s t i g a t i o n s  i s  an u n d e r s t a n d i n g  o f  t h i s  im p o r t a n t  r e s o u r c e  and 

th e  development o f  e c o n o m ica l ly  f e a s i b l e  and e n v i ro n m e n ta l l y  s a f e  t e c h ­

n iques  f o r  s u c c e s s f u l  r e s t o r a t i o n  o f  d e s t r o y e d  T_. t e s tud inum  meadows. 

Th is  pape r  r e p o r t s  on t h e  d i f f e r e n c e s  i n  growth p a t t e r n s  o f  s e e d l i n g s  

c o l l e c t e d  from t h r e e  l o c a t i o n s  in  F l o r i d a ,  r e p r e s e n t i n g  a l a t i t u d i n a l  

g r a d i e n t .  P r e l i m i n a r y  r e s u l t s  o f  a novel t r a n s p l a n t i n g  system w i l l  a l s o  

be d i s c u s s e d .

MATERIALS AND METHODS

F r u i t s ,  seeds  and s e e d l i n g s  o f  T h a l a s s i a  were c o l l e c t e ^  along the  

A t l a n t i c  s h o r e l i n e  o f  Grassy  Key in  t h e  F l o r i d a  Keys .(FK) and Matheson 

Hammock in  Biscayne  Bay (.BB) on 12 August  1980;  and along  th e  Sunshine 

Skyway causeway and M u l l e t  Key in  Tampa Bay (TB) on 13 and 14 August .

The m a t e r i a l  was t r a n s p o r t e d  to  t h e  l a b o r a t o r y  coo led  in  i c e  c h e s t s .  

Seeds were e x c i s e d  from f r u i t s  w i t h i n  one day o f  c o l l e c t i o n .  Seeds and
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s e e d l i n g s  were s u r f a c e  s t e r i l i z e d  f o r  10 min in  a 5% sodium h y p o c h l o r i t e -  

s eaw a te r  s o l u t i o n  and he ld  in  s e p a r a t e  a q u a r i a  f i l l e d  w i th  s y n t h e t i c  

s eaw a te r  ( I n s t a n t  Ocean) a t  32 p p t  s a l i n i t y  u n t i l  needed f o r  c u l t u r e  

ex p e r im en t s .

Tube C u l tu r e s

Tube c u l t u r e s  u t i l i z i n g  marine  ag a r  as a su b s t r a tu m  were i n i t i a t e d  

i n  o r d e r  to  m on i to r  l e a f  and r o o t  growth o f  s e e d l i n g s .  Four t r e a t m e n t s  

(4 r e p l i c a t e s  each)  were t e s t e d  u s ing  60 ml c u l t u r e  tubes  w i th  20 ml 

ag a r  and 30 ml o f  l i q u i d  media .  The two l i q u i d  media were I n s t a n t  Ocean 

and NH-15 (m odi f ied  from Gates  and Wilson ,  1960) a t  32 p p t ;  t h e  two types  

o f  a g a r  were n u t r i e n t  a g a r  composed o f  6 g /1  p h y ta g a r  in  32 p p t  NH-15 

and marine  a g a r  composed o f  6 g /1  p h y ta g a r  in  32 p p t  I n s t a n t  Ocean. The 

f o u r  t r e a t m e n t s  were com bina t ions  o f  t h e  two ty p e s  o f  a g a r  and l i q u i d  

media:  N u t r i e n t  a g a r  -  I n s t a n t  Ocean, N u t r i e n t  a g a r  -  NH-15, Marine ag a r

-  I n s t a n t  Ocean,  and Marine a g a r  -  NH-15. S e e d l in g s  from th e  t h r e e  s i t e s  

were aga in  s u r f a c e  s t e r i l i z e d  f o r  10 min fo l low ed  by t h r e e  one minute 

r i n s e s  in  s t e r i l e  s y n t h e t i c  s e a w a te r  and p la ced  in  t h e  c u l t u r e  t u b e s .

All  t r a n s f e r s  were performed u s in g  a l a m in a r  f low  hood and a s e p t i c  

t e c h n i q u e s .  L a rg e r  c u l t u r e  tu b e s  (80 ml) were t e s t e d  to  de te rm in e  o f  

t h e  s i z e  o f  th e  t u b e s  a f f e c t e d  growth .  These tu b e s  co n ta in e d  25 ml o f  

n u t r i e n t  a g a r  and 45 ml o f  I n s t a n t  Ocean. I l l u m i n a t i o n  was p rov ided  by 

Duro-Tes t  V i t a  L i t e s  on a 14:10 L:D c y c l e  and t h e  t e m p e ra tu r e  was he ld  

between 22-29*C.

Pot  C u l t u r e s

S eed l in g s  were a l s o  grown in  5 x 5 x 12 .7  cm p l a s t i c  p o t s  f i l l e d  

w i th  an a u to c la v e d  m ix tu re  o f  b u i l d e r s '  sand and a r a g o n i t e  s h e l l  hash 

( 1 : 1 ) .  Three r e p l i c a t e s  from each  p o p u la t i o n  were p la ced  i n  two a q u a r i a :
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one c o n t a i n i n g  71 1 s y n t h e t i c  s e a w a te r  ( I n s t a n t  Ocean) and th e  second 

c o n t a i n i n g  71 1 s y n t h e t i c  s e a w a te r  w i th  von S t o s c h ' s  e n r ic hm en t  Cvon 

S to s c h ,  1964) .  S a l i n i t i e s  o f  bo th  t a n k s  were m a in ta in e d  a t  32-34 pp t  

and t e m p e r a t u r e s  were he ld  between 24 -26°C w i th  a 14 :10  L:D p ho tope r iod  

c y c l e .

The remain ing  s e e d l i n g s  were p l a n t e d  in  P e a t  P e l l e t s  ( J i f f y - 7 \  and 

p la ced  in  a q u a r i a  c o n t a i n i n g  I s t a n t  Ocean. L ig h t  and t e m p e ra t u r e  c o n d i ­

t i o n s  were th e  same as above.  A f t e r  t h r e e  months in  c u l t u r e ,  th e  r o t t e d  

s e e d l i n g s  were t r a n s p l a n t e d  randomly w i t h i n  a 1 x 1 . 2  m q u a d r a t  in  Boca 

C i e g a , Bay, and m oni to red  monthly  f o r  s u r v i v a l  and growth .

Growth Measurements

Leaf  b la d e  growth  f o r  a l l  t r e a t m e n t s  was c a l c u l a t e d  by measur ing th e  

l e n g t h  and w id th  o f  t h e  l e a f  b la d e s  t o  o b t a i n  a t o t a l  l e a f  b la de  a r e a .  

Root l e n g t h s  i n  t h e  c u l t u r e  t u b e s  were v i s u a l l y  e s t i m a t e d  u s ing  a m e t r i c  

s c a l e  p laced  behind  th e  t u b e .  Leaf and r o o t  growth r a t e s  o f  th e  t h r e e  

p o p u l a t i o n s  were compared u s ing  a n a l y s i s  o f  c o v a r i a n c e  and l e a f  w id ths  

were compared u s in g  t - t e s t s ,  s i g n i f i c a n c e  was de te rm ined  a t  P<Q.Q5.

RESULTS

Tube c u l t u r e s  p rov ided  a un ique  o p p o r t u n i t y  to  m on i to r  both  l e a f  

b la de  and r o o t  growth w i t h o u t  d i s t u r b i n g  th e  s e e d l i n g  ( f i g u r e  1).. 

S e e d l in g s  growth in  t h e  tube  c u l t u r e s  i n d i c a t e d  p o p u l a t i o n a l  d i f f e r e n c e s  

( f i g u r e  C le a r  p a t t e r n s  were n o t  e x h i b i t e d  in  r e s p o n s e  t o  n u t r i e n t  

en r ic hm en t  o f  t h e  a g a r  o r  l i q u i d  media (Table  1)^, so r e s p o n s e s  were exa­

mined w i th  r e s p e c t  t o  g eog raph ic  o r i g i n  o n ly .  B iscayne Bay (BB), seed­

l i n g s  had t h e  g r e a t e s t  t o t a l  r o o t  l e n g t h  ( f i g u r e  2 b ) ,  due to  t h e  p roduc­

t i o n  o f  t h e  g r e a t e s t  number o f  r o o t s  p e r  s e e d l i n g  (Table  1 ) .  When
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Figu re  1. T h a l a s s i a  te s tud inum 
s e e d l i n g s  in  tube 
c u l t u r e s .

growth o f  i n d i v i d u a l  r o o t s  was c o n s i d e r e d ,  r o o t  l e n g t h s  o f  t h e  FK pop­

u l a t i o n  i n c r e a s e d  th e  m os t ,  fo l lowed by BB s e e d l i n g s  w i th  t h e  TB popula ­

t i o n  p roducing  th e  l e a s t  growth.  Some r e s t r i c t i o n  o f  r o o t  growth was 

e v i d e n t  in  t h e  60 ml tu b e s  and was a l s o  i n d i c a t e d  by t h e  s i g n i f i c a n t l y  

g r e a t e r  r o o t  l e n g th s  t h a t  were a t t a i n e d  by s e e d l i n g s  in  t h e  80 ml tubes  

(Table 1 ) .  In c o n t r a s t ,  l e a f  b la de  growth was lower f o r  a l l  p o p u la t io n s  

in  t h e  l a r g e r  t u b e s .  In bo th  c u l t u r e s  l e a f  growth showed an i n v e r s e  

r e l a t i o n s h i p  w i th  l a t i t u d e  o f  o r i g i n ;  t h e  s o u th e rn  FK p o p u la t io n  e x h i ­

b i t e d  t h e  g r e a t e s t  growth ,  t h e  n o r th e r n  TB p o p u la t i o n  showed th e  l e a s t  

growth and BB s e e d l i n g s  were i n t e r m e d i a t e  (F ig u re  2a ) .

Growth s t u d i e s  on t h e  60 ml tu b e  c u l t u r e s  were t e rm in a t e d  a f t e r  3 

months due t o  c o n tam in a t io n  o f  t h e  FK c u l t u r e s  by b a c t e r i a ,  t h e  fungus
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Table  1. Root and l e a f  b lade  growth o f  T h a l a s s i a  t e s tu d in u m  s e e d l i n g s  
in  a g a r / s e a w a t e r  c u l t u r e s  a f t e r  t h r e e  months.

T rea tm en t  To ta l  Root Length (cm) Leaf Area (cm2 )
Tampa Biscayne F l o r i d a  Tampa Biscayne  F lo r id a  

______________ . Bay_______Bay_________ Keys_________ Bay Bay________ Keys

60 ml tubes*

NH-15/N.A. 0.95 5.65 4.03 4.32 4.03 6.42

I .O . /N .A . 2 .48 7 .00 6.35 4 .48 4.05 6.27

NH-15/M.A. 2.52 6.40 4.75 4.29 4.13 4.58

I.O./M.A. 2 .75 5.52 6.00 3.36 5.20 7.00

Mean 2 .18 6 .14 5.37 4.18 4.35 6.04

R o o t# / s d l in g 2 .50 3.81 2.47

L e n q t h / r o o t 0.87 1.61 2.21

80 ml tubes

I .O . /N .A . 3.27 12.10 14.98 3.18 4.21 4 .50
* I . 0 . = I n s t a n t  Ocean; N .A .= N ut r ien t  Agar;  NH-15=Nutrient e n r i c h e d  s e a ­
w a t e r ;  M.A.=Marine Agar.  Values r e p r e s e n t  the  mean o f  4 r e p l i c a t e s .

T a b l e - 2 .  Leaf growth r a t e s  o f  T h a l a s s i a  t e s tu d in u m  s e e d l i n g s  to  
l a b o r a t o r y  c u l t u r e s .

Trea tment  Growth I n t e r v a l  Shoot  Growth Rates  (cm2/mo)
___________________________ (months)  Tampa Bay Biscayne Bay F l o r i d a  Keys

Tube c u l t u r e s

60 ml tubes 3 1.38 1.47 2.07
80 ml tubes 3 1.08 1.40 1.50

Pot c u l t u r e s

I n s t a n t  Ocean 5 0 .72 1 .04 1.78
von S t o s c h ' s 5 1.76 2.53 2.94
P e a t  P e l l e t s 3 0 .9 3 ( 1 . 7 0 ) * 1 .7 8 (2 .5 2 ) 1 .7 2 (2 .8 0 )

*Numbers in  p a r e n t h e s e s  i n d i c a t e  a growth index va lue  where: 
mean l e a f  a r e a  /  s e e d l i n g  

Growth Index= mean l e a f  # /  s e e d l i n g
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Lindra  t h a l a s s i a e  O rp u r t  e t  a l .  and high l e v e l s  o f  L eu c o th r ix  mucor 

O ers ted  (Dr.  J ack  F e l l ,  p e r s .  comm.). All  o f  t h e  60 ml tube  c u l t u r e s  

had some c o n ta m in a t io n  e v i d e n t ,  b u t  on ly  th e  FK c u l t u r e s  succumbed.  The 

c o n ta m in a t io n  in  t h e  FK c u l t u r e s  appeared  as a r ed  growth on th e  s eed ­

l i n g s  and in  t h e  a g a r .  None o f  th e  80 ml FK c u l t u r e s  e x h i b i t e d  t h i s  red  

co n tam in a n t  and in  g e n e r a l ,  t h e s e  c u l t u r e s  appea red  l e s s  c o n tam in a ted .

Leaf  growth o f  s e e d l i n g s  in  t h e  p l a s t i c  p o t s  r e p e a t e d  t h e  i n v e r s e  

r e l a t i o n s h i p  between growth and l a t i t u d e  (F ig u re  3 ) .  S e e d l in g s  c u l t u r e d  

w i t h o u t  n u t r i e n t s  added had lower  growth r a t e s  than  t h e  tu b e  c u l t u r e s ,  

b u t  t h e  a d d i t i o n  o f  n u t r i e n t s  i n c r e a s e d  growth r a t e s  s i g n i f i c a n t l y  

(Table  2 ) .  Responses to  n u t r i e n t  en r ic hm en t  were i n v e r s e l y  r e l a t e d  to  

th e  l e v e l s  o f  g rowth ,  such t h a t  t h e  TB s e e d l i n g s  e x h i b i t e d  th e  g r e a t e s t  

i n c r e a s e  (244%), BB s e e d l i n g s  were i n t e r m e d i a t e  in  t h e i r  r e sp o n se  (242%) 

and t h e  FK p o p u l a t i o n  showed t h e  l e a s t  i n c r e a s e  (165%). N u t r i e n t  e n r i c h ­

ment i n i t i a t e d  a p h y to p lan k to n  bloom which was c o n t r o l l e d  u s in g  diatom 

f i l t r a t i o n .

Leaf growth r a t e s  o f  s e e d l i n g s  in  t h e  p e a t  p e l l e t s  was i n t e r ­

m e d ia te  between t h e  p l a s t i c  p o t  c u l t u r e s  w i th  and w i t h o u t  n u t r i e n t  add­

i t i o n s  (Table 21.  Biscayne  Bay s e e d l i n g s  had a s l i g h t l y  h ig h e r  t o t a l  

l e a f  a r e a  than  t h e  FK s e e d l i n g s ,  due t o  a g r e a t e r  number o f  l e a v e s  p e r  

s e e d l i n g ,  b u t  t h e  growth r a t e s  o f  i n d i v i d u a l  l e a f  b la d e s  (growth index)  

r e p e a t e d  th e  p a t t e r n s  o f  th e  o t h e r  t r e a t m e n t s .  A f t e r  3 months in  c u l ­

t u r e ,  many o f  t h e  s e e d l i n g s  had r o o t s  t h a t  p ro t r u d e d  th rough  th e  webbing 

o f  th e  p e l l e t s  and a l l  were f i r m l y  anchored  ( F ig u r e  4 ) .  The  s e e d l i n g s  

were t r a n s p l a n t e d  in  Boca Ciega Bay i n  November to  an a r e a  t h a t  had 

s u p p o r ted  s e a g r a s s e s  p r i o r  to  d redg ing  a s s o c i a t e d  w i th  i n t r a c o a s t a l  

waterway m a in ten a n ce .  When t r a n s p l a n t s  were examined one month l a t e r  i t
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Figu re  4.  T h a l a s s i a  t e s tud inum 
s e e d l i n g  in  p e a t  p e l ­
l e t  a f t e r  3 months in  
l a b o r a t o r y  c u l t u r e .

was c l e a r  t h a t  t h i s  s i t e  was s t i l l  u n s u i t a b l e  f o r  r e v e g e t a t i o n  u s ing  T_. 

t e s tud inum  because o f  high s e d im e n ta t i o n  r a t e s  and a s s o c i a t e d  t u r b i d i t y .  

Only t h r e e  s e e d l i n g s  were s t i l l  a l i v e ,  th e  remainder  were coa ted  wi th  

sed im en ts .  A d d i t i o n a l l y ,  the  s i t e  appeared  to  have been p h y s i c a l l y  

d i s t u r b e d .  In March s e v e r a l  p e a t  p e l l e t s  were r e t r i e v e d  and i t  was 

observed  t h a t  they  had m a in ta in ed  t h e i r  i n t e g r i t y  a f t e r  being submerged 

f o r  over  6 months.

Leaf b la des  were g e n e r a l l y  w id e s t  f o r  the  FK p o p u la t i o n  and narrow­

e s t  f o r  TB s e e d l i n g ,  w i th  BB s e e d l i n g s  e x h i b i t i n g  i n t e r m e d i a t e  widths  

(.Figure 4 ) .  The d i f f e r e n c e s  in  l e a f  w id ths  between t r e a t m e n t  were not  

s t a t i s t i c a l l y  s i g n i f i c a n t  and i n d i c a t e d  t h a t  n u t r i e n t  en r ichm ent  had 

l i t t l e  e f f e c t  on t h i s  morpholog ica l  c h a r a c t e r i s t i c ,  so i n c r e a s e s  in 

l e a f  a r e a  in  r e sp o n se  to  f e r t i l i z a t i o n  could be a t t r i b u t e d  to  l e a f  

e l o n g a t i o n .
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DISCUSSION

This  s tu d y  dem o n s t r a te s  t h a t  T h a l a s s i a  te s tud inum  s e e d l i n g s  from 

t h r e e  l o c a t i o n s ,  r e p r e s e n t i n g  a l a t i t u d i n a l  range  o f  only  320 k i l o m e t e r s ,  

e x h i b i t  d i s t i n c t i v e  p h y s i o l o g i c a l  and morpholog ica l  f e a t u r e s  under  con­

t r o l l e d  c o n d i t i o n s .  P rev io u s  i n v e s t i g a t i o n s  have shown l e a f  w id ths  and 

co ld  t o l e r a n c e s  t o  be d i s t i n c t i v e  in  w id e ly  s e p a r a t e d  T. t e s tud inum  

p o p u la t i o n s  (McMillan,  1978,  1979) .  Morphological  v a r i a t i o n  in  l e a f  

w id th  i n d i c a t e s  a r e sp o n se  t o  env i ronm en ta l  c o n d i t i o n s  ( P h i l l i p s ,  I960;  

Zieman,  1974) ,  and ma in tenance  o f  t h e s e  p a t t e r n s  under  c o n t r o l l e d  c o n d i ­

t i o n s  s u g g e s t s  t h a t  t h e  l i m i t s  a r e  g e n e t i c a l l y  modulated  (McMillan,

1978).  D i f f e r i n g  r o o t  and l e a f  growth p a t t e r n s  e x h i b i t e d  by s e e d l i g g s  

from Tampa Bay (TB),  Biscayne Bay (BB} and th e  F l o r i d a  Keys (FK) a l s o  

s u g g e s t s  g e n e t i c  d i f f e r e n c e s .  S pec ie s  w i th  wide g eo g ra p h ic a l  ranges  

a lm os t  always develop  l o c a l l y  ad ap ted  eco ty p es  (Odum, 1971) ,  y e t  s e e d ­

l i n g s  o f  J_. t e s tu d in u m  from d i v e r s e  h a b i t a t s  show l i t t l e  v a r i a t i o n  in  

isozymes (McMillan,  1980) .  Th is  l a c k  o f  isozyme v a r i a t i o n  c o n t r a s t s  

w i th  th e  d i f f e r e n t i a t i o n  found w i t h i n  a s i n g l e  p o p u la t i o n  o f  S p a r t i n a  

p a t e n s  ( S i l a n d e r ,  1979) ,  and between p o p u l a t i o n s  o f  U nio la  p a n i c u l a t a  

(David Crewz, p e r s .  comm.}.

Root growth in  t h e  c u l t u r e  tu b e s  was s i m i l a r  t o  t h a t  r e p o r t e d  f o r  

T. t e s tu d in u m  s e e d l i n g s  growing in  s i t u  (Thorhaug,  1974) .  The absence 

o f  d i f f e r e n t i a l  growth in  r e s p o n s e  to  n u t r i e n t  p a r t i t i o n  s u g g e s t  e i t h e r  

t h a t  a g a r  p r o v id e s  an adequa te  n u t r i e n t  sou rce  over  s h o r t  p e r io d s  o r  

t h a t  s e e d l i n g s  c o n t a i n  s u f f i c i e n t  n u t r i e n t s  to  s u p p o r t  3 months growth ,  

a s u p p o s i t i o n  t h a t  i s  n o t  s u p p o r te d  by t h e  r e s p o n s e s  in  t h e  p l a s t i c  p o t  

c u l t u r e s .  The s m a l l e r  60 ml c u l t u r e  tubes  e v i d e n t l y  reduced r o o t  e l o n ­

g a t i o n ,  and may have in c r e a s e d  t h e  d e l e t e r i o u s  e f f e c t s  o f  c o n t a m in a t io n .
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In c r e a s e d  r o o t  growth in  th e  80 ml c u l t u r e  t u b e s ,  w i th  accompanying 

reduced  l e a f  growth ,  i n d i c a t e s  t h a t  T. t e s tu d in u m  a l l o c a t e s  a g r e a t e r  

p r o p o r t i o n  o f  i t s  biomass below ground when growth i s  n o t  r e s t r i c t e d .  

Dawes and Lawrence (1980) proposed  t h a t  t h i s  improves t h e  anchor ing  

a b i l i t y  o f  t h e  p l a n t ,  w h i le  Barko and Smart (1978) sugges ted  t h a t  t h i s  

c h a r a c t e r i s t i c  improves s u r v i v a l  in  i n f e r t i l e  h a b i t a t s  by i n c r e a s i n g  th e  

a b s o r p t i v e  a n d / o r  s t o r a g e  c a p a c i t y .  The. a d a p t i v e  s i g n i f i c a n c e  o f  th e  BB 

p o p u l a t i o n ' s  g r e a t e r  r o o t  p ro d u c t i o n  i s  p u z z l in g  s i n c e  t h i s  p o p u la t i o n  

does n o t  e x i s t  i n  a h igh ene rgy  a r e a  where anchorage  would be a prob lem, 

a l th o u g h  i t  may r e p r e s e n t  an a d a p t a t i o n  to  t h e  bedrock  s u b s t r a t e  which 

i s  common in  Biscayne Bay (Zieman,  1972;  Wanless ,  1976) .

I n f e c t i o n  p a t t e r n s  p rov ided  f u r t h e r  e v id en ce  o f  p o p u l a t i o n a l  d i f ­

f e r e n c e s  in  tube  c u l t u r e s .  F l o r i d a  Keys s e e d l i n g s  were th e  most con­

t a m in a t e d  and ha rbored  d i f f e r i n g  co n tam in a n t  s p e c i e s  th a n  t h e  TB and BB 

s e e d l i n g s .  The p a t h o g e n ic  n a t u r e  o f  c o n ta m in a t io n  in  c u l t u r e  systems 

may be due to  s t r e s s e s  o f  t h e  a r t i f i c i a l  c o n d i t i o n s  which a r e  conducive 

t o  d i s e a s e  deve lopment ( F e l l ,  1976) .  Y e t ,  t h e  p o s s i b i l i t y  o f  i n t r o d u ­

c ing  non - ind igenous  pa thogens  when t r a n s p l a n t i n g  s e e d l i n g s  in  s i t u  must 

be c o n s i d e r e d .  S u r fa c e  s t e r i l i z a t i o n  a lone  was n o t  e f f e c t i v e  i n  e l i m i ­

n a t i n g  c o n ta m in a n t s .  Th is  t r e a t m e n t  coupled  w i th  a n t i b i o t i c s  may r e ­

duce t h e  p o s s i b i l i t y  o f  pathogen  i n t r o d u c t i o n  when t r a n s p l a n t i n g  non­

lo c a l  s e e d l i n g s ,  and should  be c o n s id e re d  in  p i l o t  m i t i g a t i o n  p r o j e c t s .

Leaf  b la de  growth and the  w id th s  o f  l e a v e s  in  l a b o r a t o r y  t r e a t ­

ments a l s o  showed an i n v e r s e  r e l a t i o n s h i p  w i th  l a t i t u d e  o f  o r g i n .  

McMillan (1978) s u g g es ted  t h a t  d i f f e r i n g  l e a f  w id th s  o f  g eo g rap h ic  v a r ­

i a n t s  o f  X' te s tud inum  i n d i c a t e  an e c o t y p i c  r e s p o n s e ,  b u t  as  s t a t e d  

p r e v i o u s l y  t h i s  has n o t  been conf irmed  in  isozyme s t u d i e s  (McMillan,

112



1980).  N u t r i e n t  en r ichm en t  s i g n i f i c a n t l y  i n c r e a s e d  l e a f  b lade  growth in  

th e  s h e l l / s a n d  p l a s t i c  p o t  c u l t u r e s .  F e r t i l i z a t i o n  might  be used to  

f a c i l i t a t e  e s t a b l i s h m e n t  and coverage  a t  r e v e g e t a t i o n  s i t e s  so l e s s  mat­

e r i a l  i s  i n i t i a l l y  needed.  I t  i s  i n t e r e s t i n g  t h a t  growth re s p o n s es  to  

n u t r i e n t  en r ichm en t  modera ted  p o p u l a t i o n a l  d i s t i n c t i o n s .  D i f f e r e n t  T. 

te s tud inum  p o p u l a t i o n s  may have s i m i l a r  p h o t o s y n t h e t i c  o r  growth c a p a c i ­

t i e s ,  b u t  th e y  a r e  a t t a i n e d  under  c o n d i t i o n s  r e l a t e d  t o . t h e i r  ind igenous  

env i ronm en ts .  Th is  phenomenon has been observed  i n  s e v e ra l  marine  a l g a l  

s p e c i e s  (.King and Schramm, 1976; Durako and Dawes, 1980).

Anchoring s e a g r a s s  t r a n s p l a n t s  has proved t o  be a majo r  problem in  

r e v e g e t a t i o n  work.  The number o f  ancho r ing  and p r o p a g a t io n  t e c h n iq u e s  

t h a t  have been developed  r e f l e c t s  t h e  magnitude o f  t h i s  problem (see  b i b ­

l i o g r a p h y  by Knight  e t  a l . ,  1980) .  P h i l l i p s  Í1980) recommended p lugs  as 

th e  s i n g l e  most  im p o r t a n t  method o f  t r a n s p l a n t a t i o n ,  s i n c e  many s e e d l i n g s  

a r e  l o s t  in  t h e  f i e l d .  However, th e  p lug method i s  very  d e s t r u c t i v e  to  

th e  sou rce  beds s i n c e  X* te s tu d in u m  i s  slow t o  p ro p ag a te  i n t o  d i s t u r b e d  

a r e a s  (G o d ch a r le s ,  1971) .  Th is  may cause  more harm than  good i f  plugg*'- 

ing  i s  done on a l a r g e  s c a l e  C S t e l l e r ,  1976) .  I f  a s u i t a b l e  anchor ing  

method were a v a i l a b l e  f o r  use w i th  s e e d l i n g s  a n o n d e s t r u c t i v e  r e v e g e t a ­

t i o n  program might  be deve loped .  S e e d l in g s  become f i r m l y  ro o te d  in  t h e  

p e a t  p e l l e t s  w i t h i n  3 months and e x h i b i t e d  l e a f  growth comparable to  the  

o t h e r  t r e a t m e n t s .  The p e l l e t s  p rov ided  anchorage and m a in ta in ed  t h e i r  

i n t e g r i t y  in  s i t u  f o r  o ve r  6 months.  No m o r t a l i t y  was observed  in  l a b o ­

r a t o r y  p e a t  p e l l e t  c u l t u r e s .  S ince  t h e  t r a n s p l a n t  s i t e  was u n s u i t a b l e  

f o r  growth ,  th e  f i e l d  r e s u l t s  were i n c o n c l u s i v e  and more work needs to  

be done to  t e s t  t h e  s u i t a b i l i t y  and c o s t  e f f e c t i v e n e s s  o f  t h e  t e c h n i q u e .  

Ease o f  sowing,  t r a n s p o r t  and hand l ing  o f  th e  p e l l e t s  and s e e d l i n g s
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s u g g e s t s  t h a t  they  may o f f e r  a v i a b l e  a l t e r n a t i v e  to  t r a n s p l a n t i n g  

v e g e t a t i v e  m a t e r i a l .
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