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ABSTRACT 

The comparison of wave-exposed (bay) t o  s h e l t e r e d  (channel) 
macrophyte assemblages i n  a  Bel ize  mangrove system revea led  higher  
s tanding  s tocks  of product ive  f i lamentous  a lgae  i n  t he  l a t t e r ,  
c o r r e l a t e d  w i t h  r e l a t i v e l y  low l e v e l s  of phys ica l  d i s turbance  from sea  
u rch in  herbivory and wave turbulence. The she l t e r ed  channel s i t e ,  
wh i l e  conta in ing  fewer t o t a l  spec i e s  and lower spec i e s  r i chness ,  
exceeded t h e  bay s i t e  i n  t o t a l  cover and spec i e s  evenness. The 
Shannon-Weaver index of d i v e r s i t y  was nea r ly  equal  a t  both s i t e s .  
Five spec i e s  comprised 96% of t h e  cover a t  t h e  bay s i t e ,  l ed  by t the  
jo in t ed  ca lcareous  a l g a  Halimeda opunt ia  f .  t r i l o b a  (37%) and 
Tha la s s i a  tes tudinum (26%); whereas, IT. opunt ia  f .  t r i l o b a  (40%), 
Amphiroa f r a n i l i s s i m a  (22%) and 1. tes tudinum (16%) provided the  
m a j o r i t y  of t h e  t o t a l  community product iv i ty .  A t  t h e  channel s i t e ,  
s i x  taxa  cont r ibu ted  96% of t he  cover,  dominated by a  mat-forming, 
ge l a t inous ,  f i l amentous  spec i e s  of navicu lo id  diatom (29%) and 
Caulerpa v e r t i c i l l a t a  (28%). Major primary producers a t  t he  channel 
s i t e  were t h e  t h r e e  cover dominants,  t h e  ge l a t inous  diatom (24% of t h e  
t o t a l  community carbon f ixed ) ,  C. v e r t i c i l l a t a  (22%) and H. opunt ia  f .  
t r i l o b a  (20%). The t o t a l  day l igh t  community primary p r o d u c t i v i t i e s  a t  
t h e  two s i t e s  (bay = 17.2, channel = 13.4 grams carbon f ixed  per meter  
squared of substratum per  day ranked among the  higher  r a t e s  recorded 
f o r  dense seagrass  beds and were considerably h igher  than those 
r epo r t ed  f o r  most ca lcareous  r ee f  f l a t  hab i t a t s .  This  h igh  apparent 
photosynthe t ic  p o t e n t i a l  may be r e l a t e d  t o  reduced l e v e l s  of herbivory 
and a  g r e a t e r  a v a i l a b i l i t y  of recyc led  n u t r i e n t s  near  mangrove 
i s  lands.  
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INTRODUCTION 

The f r ing ing-reef  margins of t r o p i c a l  a t o l l s  and c o a s t a l  zones 
r ep re sen t  shal low s u b t i d a l  t o  i n t e r t i d a l  ca lcareous  frameworks w i t h  
d i v e r s e  e p i b i o t a  t h a t  have rece ived  i n t e n s i v e  s tudy i n  r e c e n t  years.  
Diverse a l g a l  s tanding  s tocks  have been descr ibed  f o r  Curacao, Dutch 
West I n d i e s  (e.g. Van Den Hoek e t  a l .  1975)  and S a i n t  C r o i x ,  U.S. 
Vi rg in  I s l a n d s  (Connor and Adey 1977) i n  t h e  Caribbean. P a c i f i c  
r e e f s ,  such a s  Enewetak A t o l l ,  U S .  T rus t  T e r r i t o r y  (0dum and Odum 
1955); Waikiki  r e e f ,  Hawaii (Doty 1971; L i t t l e r  1973a); Guam, U.S. 
T rus t  T e r r i t o r y  ( ~ s u d a  1971); American Samoa ( ~ a h l  1972); Kaneohe Bay, 
Hawaii (Smith 1973); and Heron I s l and ,  A u s t r a l i a  (Hatcher 1982; 
Hatcher and Larkum 19831, have been t h e  s u b j e c t s  of comparable 
s t u d i e s .  

While mangrove communit i e s  co inc ide  w i t h  the  worldwide 
d i s t r i b u t i o n s  of ca lcareous  b i o t i c  r e e f s  and dominate many of t h e  
world's t r o p i c a l  and s u b t r o p i c a l  c o a s t a l  zones, r e l a t i v e l y  l i t t l e  work 
has been done on t h e  s tanding  s tocks  of ben th i c  macrophytes on t h e  
f l a t s  t h a t  border mangrove i s lands .  On mangrove i s l a n d s ,  l i k e  c o r a l  
i s l a n d s ,  organisms comprise t h e  major s t r u c t u r a l  e lements ,  bu t  u n l i k e  
most b i o t i c  r ee f  communities, mangrove i s l a n d s  a r e  i n t e r t i d a l ,  endure 
wider  f l u c t u a t i o n s  i n  tempera ture  and s a l i n i t y  and tend t o  conta in  
s i l t y  submerged subs t r a t a .  Because of t h e i r  i n t e r e s t i n g  
c h a r a c t e r i s t i c s  and a  pauc i ty  of background information,  we i n i t i a t e d  
a  q u a n t i t a t i v e  survey of mangrove macrophyte d i s t r i b u t i o n s ,  abundances 
and p r o d u c t i v i t i e s  a s  a  necessary b a s i s  f o r  t h e  des ign  of f u r t h e r ,  
more spec i a l i zed  experimental  s t u d i e s  (e.g. Taylor ,  L i t t l e r  and 
L i t t l e r ,  submitted).  

A c l a s s i f i c a t i o n  of marine p l a n t  funct ional-form groups [ see  
L i t t l e r ,  L i t t l e r  and Taylor  (1983) f o r  d e f i n i t i o n s ]  has been used t o  
i n t e r p r e t  (1) produc t iv i ty  p a t t e r n s  over broad geographic a r eas  
( L i t t l e r  and Arnold 19821, (2) evolu t ionary  changes w i t h  r e spec t  t o  
f l u c t u a t i o n s  i n  herb ivory  through geo log ica l  t ime (Steneck and Watling 
19821, (3) h o l i s t i c  views of t r o p i c a l  ba r r i e r - r ee f  seaweed ecology 
( L i t t l e r ,  L i t t l e r  and Taylor 19831, ( 4 )  biogeographical  responses of 
a lgae  t o  herbivory (Gaines and Lubchenco 1982) and ( 5 )  t h e  e f f e c t s  of 
d i s turbance  on s u b t r o p i c a l  ( L i t t l e r  and L i t t l e r  1984) and temperate  
(Murray and L i t t l e r  1984) macrophyte communities. The func t iona l -  
group approach i s  an e f f e c t i v e  mechanism f o r  a s se s s ing  complex 
community p a t t e r n s  wi thout  having t o  t ed ious ly  d e a l  w i t h  t h e  
demography of each of t h e  component spec ies .  Consequently, we f e l t  i t  
would be i n s t r u c t i v e  t o  analyze t h e  Twin Cays macrophyte popula t ions  
from t h i s  framework. 



METHODS AND MATERIALS 

Study Areas 

. \ .  

Twin Cays i s  a  mangrove system (16 5 0 3 ,  80 06'W) r e p r e s e n t a t i v e  
of s i m i l a r  p r i s t i n e  o f f sho re  i s l a n d s  w i t h i n  t h e  lagoonal  po r t ion  of 
t h e  Be l i ze  b a r r i e r  system. The' i s l and  (Fig. 1; s e e  a l s o  RUtzler and 
Macintyre 1982) i s  d iv ided  by a  main channel t h a t  grades  toward each 
opening i n t o  shal low beds o f - T h a l a s s i a  tes tudinum Banks ex K h i g .  

Af t e r  ex tens ive  reconnaissance of t h e  Twin Cays sho re l ine ,  t h e  
p r e c i s e  l o c a t i o n  of t h e  upper end of each s tudy t r a n s e c t  was 
determined (by consensus of s e v e r a l  experienced marine e c o l o g i s t s )  
along b i o l o g i c a l l y  r e p r e s e n t a t i v e  po r t ions  of two major ben th i c  
h a b i t a t  types.  The channel s tudy  s i t e ,  loca ted  on t h e  e a s t  s i d e  of 
t h e  main channel,  i s  p ro tec ted  from wave a c t i o n ,  w i t h  only  moderate 
t i d a l  c u r r e n t s  c o n t r o l l i n g  water  exchange. The a r e a  s tud ied  i s  a  
t y p i c a l  s u b t i d a l  mud bank extending 5.5 m outward t o  a  dropoff from 
i n t e r t i d a l  Rhizophora mangle Linnaeus i n t o  t h e  meandering 0.5 t o  4.0 m 
deep main channel dominated by Tha la s s i a  and Caulerpales.  In  
c o n t r a s t ,  t he  l e s s - she l t e r ed  bay s i t e  on t h e  no r the rn  margin of t h e  
i s l a n d  ( ~ i g .  1)  t y p i f i e s  h a b i t a t s  where waves and c u r r e n t s  a r e  
g r e a t e r ,  f r equen t ly  r e s u l t i n g  i n  t h e  mud banks being p a r t i a l l y  eroded 
t o  form v e r t i c a l  w a l l s  o r  undercut ledges. The mud bank s tudied  i s  
6.5 m wide and t e rmina te s  ab rup t ly  where an undercut bank extends down 
t o  a  3.0 m deep s i l t  substratum w i t h  spa r se ly  s c a t t e r e d  p l a n t s  of t h e  
a l g a l  genus Caulerpa [C, mexicana (Sonder) Kkz ing  and C. 
s e r t u l a r i o i d e s  (Gmelin) Howe]. 

T ransec t s  

Data were obtained on 11-12 A p r i l  1980 by photographing numbered 
quadra ts  perpendicular  t o  t h e  substratum w i t h  a  35 mm Nikonos camera 
equipped w i t h  an e l e c t r o n i c  f l a s h  u n i t  and using Kodachrome 64 
t r anspa ren ty  f i lm .  Each quadrat  contained a  p l a s t i c  l a b e l  a f f i x e d  t o  
t h e  upper l e f t  corner t h a t  was marked w i t h  a  wax penc i l  t o  i d e n t i f y  
permanently each of t h e  photosamples. 

I n  t h e  labora tory ,  t h e  developed t r anspa renc ie s  were pro jec ted  
onto a  shee t  (21 x 28 cm) of wh i t e  b r i s t o l  paper. The paper contained 
a  g r i d  p a t t e r n  of d o t s  a t  2.0 cm i n t e r v a l s  on the  s i d e  of t he  
t r a n s m i t t e d  l i g h t ;  t h i s  has been shown ( L i t t l e r  and Murray, 1975) t o  
be an appropr i a t e  d e n s i t y  (i.e. 1.0 per  cm2) f o r  c o n s i s t e n t l y  
reproducib le  e s t i m a t e s  of cover. The number of d o t s  superimposed on 
each spec ies  was then scored tw ice  (i.e. r e p l i c a t e d  a f t e r  movement of 
t h e  g r i d )  w i t h  t h e  percentage cover va lues  expressed a s  t h e  number of 
"hi ts"  f o r  each spec i e s  divided by t h e  t o t a l  number of d o t s  contained 
i n  t h e  quadrats.  Reproduc ib i l i t y  was h igh  and seldom va r i ed  more than  
+ 5% f o r  a  given species .  Species  t h a t  were not  abundant enough t o  be - 
scored by t h e  r e p l i c a t e d  g r i d  of po in t  i n t e r c e p t s  were assigned a  
cover va lue  of 0.1%. I n  cases  of mult i - layered communities, more than 
one photograph per  quadrat  was taken t o  quan t i fy  each s t r a tum a f t e r  
upper s t r a t a  had success ive ly  been moved a s ide ,  o f t e n  y i e ld ing  t o t a l  
b i o t i c  coverages of g r e a t e r  than  100%. 



The method a s  app l i ed  he re  does no t  a l l ow  f o r  t h e  q u a n t i f i c a t i o n  
of microa lgae  ( sma l l  e p i f l o r a  o r  i n f l o r a )  when they  occur  i n  low 
abundances. We r e a l i z e  t h a t  t h e s e  may be m e t a b o l i c a l l y  very  a c t i v e ,  
but  t h e i r  a n a l y s i s  r e q u i r e s  s p e c i a l  t echniques  and e x p e r t i s e ,  which 
comprise  s e p a r a t e  problems i n  themselves.  For t h i s  reason,  our 
measurements were r e s t r i c t e d  t o  macrophytes t h a t  could be d i scerned  i n  
t h e  f i e l d  w i t h  t h e  unaided eye. However, we d i d  q u a n t i f y  mic ro f lo ra  
(e.g. mats  of a  f i l amen tous  diatom) when it occurred i n  h igh  
abundances. Twenty t h r e e  cont iguous quadra t s  a long a  6.65 m t r a n s e c t  
were taken  a t  t h e  bay s i t e  whi le  31  quad ra t s  a long a  7.25 m l i n e  were 
sampled a t  t h e  channel s i t e .  

Community P r o d u c t i v i t y  

Net apparent  photosynthes i s  of t h e  most abundant macrophytes 
found a t  t h e  s tudy  s i t e s  was d e t e r p i n e d  i n  a  shal low c u r r e n t  channel 
a t  ambient water  t empera tures  (27 C)  on 24 A p r i l  1980. Four r e p l i c a t e  
incuba t ions  per taxon were conducted between 0900 and 1430 h r s  under a  
photon f l u x  of 900 t o  1900 micro ~ i n s t e i n s / m ~ / s e c  of 
pho tosyn the t i ca l l y  a c t i v e  r a d i a t i o n  (45,000 t o  95,000 lux). This  was 
t h e  n a t u r a l  l i g h t  i n  s i t u  and w i t h i n  t h e  range of l i g h t  s a t u r a t i o n  
va lues  documented f o r  o t h e r  shal low macroalgal  s p e c i e s  (King and 
Schramm 1976; Arnold and Murray 1980; LaPointe e t  a l .  1983). Net 
p r o d u c t i v i t y  was measured t o  0.1 p a r t s  per  m i l l i o n  of d i sso lved  oxygen 
by means of YSI Model 57 oxygen ana lyzer  and c a l c u l a t e d  a s  mi l l i g r ams  
carbon f i x e d  per  u n i t  of t h a l l u s  a r e a  per  hour assuming a  
photosynthe t ic  q u o t i e n t  of 1.00. To enable  comparisons w i t h  o t h e r  
t r o p i c a l  marine ecosystems,  d a i l y  d a y l i g h t  r a t e s  were approximated by 
mu l t i p ly ing  t h e  mean hour ly  r a t e s  by t h e  number of d a y l i g h t  hours 
above t h e  s a t u r a t i o n  i n t e n s i t y .  A l l  specimens used were from shal low 
l o c a t i o n s  i n  f u l l  sun l igh t .  The methods concerning t h e  s e l e c t i o n  of 
m a t e r i a l ,  handl ing,  incuba t ion  and oxygen a n a l y s i s  were w i t h i n  t h e  
l i m i t s  recommended by L i t t l e r  (1979) and L i t t l e r  and Arnold (1980). 

Analyses of Data 

Data obtained by photogrammetric sampling enable  q u a n t i f i c a t i o n  
of t h e  d i s t r i b u t i o n s  and abundances of s tanding  s tocks  i n  r e l a t i o n  t o  
t r a n s e c t  d i s t a n c e  and depth. A l l  quadra t  d a t a  were summed and 
averaged t o  y i e l d  mean cover va lues  and used t o  i n t e r p r e t  d i f f e r e n c e s  
i n  macrophyte popula t ions  and communities between s i t e s .  The two- 
dimensional  (i.e. p lanar  a r e a  i n t e r c e p t i n g  t h e  l i g h t )  spec i e s  cover 
per  square meter  of subs t ra tum i n  conjunc t ion  w i t h  i n d i v i d u a l  
p r ~ d u c t i v i t i e s  per  square  meter  of p l ana r  t h a l l u s  a r e a  were m u l t i p l i e d  
t o  e s t i m a t e  t h e  c o n t r i b u t i o n  of each abundant macrophyte t o  o v e r a l l  
community product ion. 

D i v e r s i t y  measurements have been widely employed by those  
r e spons ib l e  f o r  a s s e s s i n g  t h e  e f f e c t s  of d i s tu rbances  on b i o t i c  
communities. Species  d i v e r s i t y  i s  o f t e n  measured by i n d i c e s  ( s ee  
Poole 1974 o r  P i e lou  1975 f o r  r e f e r e n c e s  and d e f i n i t i o n s )  t h a t  inc lude  
components of both spec i e s  r i chnes s  and e q u i t a b i l i t y  ( t h e  evenness 
w i t h  which t h e  i nd iv idua l s  a r e  apport ioned among spec ies .  The problem 
w i t h  any s i n g l e  index i s  t h a t  both t h e  r i c h n e s s  and e q u i t a b i l i t y  
components of d i v e r s i t y  a r e  confounded. Many d i v e r s i t y  i nd i ce s  a l s o  



con ta in  t h e  underlying assumption t h a t  t h e  eco log ica l  importance of a 
g iven  spec i e s  i s  p ropor t iona l  t o  i t s  abundance. We avoided these  
problems by using t h e  commonly-applied Shannon and Weaver H' index 
( inco rpora t ing  both r i c h n e s s  and evenness) along w i t h  s e p a r a t e  i nd ices  
f o r  r i c h n e s s  (counts  of taxa ,  Simpson's Index, Margalef's D') and 
evenness [ e q u i t a b i l i t y  (E'), Pielou's J']. These were ca l cu la t ed  f o r  
t h e  cover d a t a  using n a t u r a l  logar i thms of macrophyte cover and used 
a s  supplementary informat ion  t o  provide between-site comparisons of 
community s t r u c t u r e .  

To c h a r a c t e r i z e  n a t u r a l  spec i e s  assemblages w i t h i n  each s i t e  
grouping i n  an unbiased manner, t h e  cover d a t a  f o r  a l l  quadra ts  were 
subjec ted  t o  h i e r a r c h i c a l  c l u s t e r  ana lyses  ( f l e x i b l e  s o r t i n g ;  Smith 
1976) using t h e  Bray and C u r t i s  (1957) percentage d i s t a n c e  s t a t i s t i c .  
This  produced dendrograms of t r a n s e c t  assemblages t h a t  were then 
i n t e r p r e t e d  according t o  t h e i r  dominant b i o t a  and environmental  
a f f i n i t i e s  and used t o  map the  p reva len t  zonal p a t t e r n s  f o r  t h e  two 
s i t e s .  

RESULTS 

The channel s i t e  exceeded the  bay s i t e  i n  a l l  measured parameters  
(cover ,  p roduc t iv i ty  and d i v e r s i t y ;  Table 1 )  except spec i e s  r ichness .  
Parameters  f o r  which t h e  channel s i t e  was higher  were a s  fo l lows:  
t o t a l  cover (1.5 t imes) ,  t o t a l  ben th i c  community pr imary p roduc t iv i ty  
( 1 . 3 ~ ) ~  Pielou 's  e v e n n e s s  i n d e x  (J', 1.2X) and e q u i t a b i l i t y  (E', 
1.5X). Conversely, Margalef's r i c h n e s s  index (D') was 1.8 t imes  
h igher  a t  t he  bay s i t e ,  whi le  Simpson's index was 1.2 t i m e s  g rea t e r .  
Shannon-Weaver d i v e r s i t y  va lues  (H') f o r  t he  two s i t e s  were n e a r l y  
equal ,  s i n c e  t h e  h igher  r i chness  a t  t h e  bay s i t e  balanced the  g r e a t e r  
evenness a t  t h e  channel area.  

Five spec i e s  comprised 96% of t h e  cover a t  t h e  bay s i t e  (Table 
21, l ed  by Halimeda opunt ia  f .  t r i l o b a  (Decaisne) Barton (37%) and 
Tha la s s i a  testudinum Banks and Klfnig (26%); whereas, B. opunt ia  f.  
t r i l o b a  ( 40%) ,  Amphiroa f r a n i l i s s i m a  (Linnaeus) Lamouroux (22%) and 1. 
tes tudinum (16%) provided t h e  m a j o r i t y  of t h e  t o t a l  community 
p roduc t iv i ty .  A t  t h e  channel s i t e  (Table 31, s i x  t axa  cont r ibu ted  96% 
of t he  cover,  dominated by a f i lamentous ,  g e l a t i n o u s  diatom spec ies  
(29%) and Caulerpa v e r t i c i l l a t a  J. Agardh (28%). Major pr imary 
producers  a t  t he  channel s i t e  were t h e  t h r e e  cover dominants,  t h e  
ge l a t inous  diatom (24% of t he  t o t a l  community carbon f ixed ) ,  s. 
v e r t i c i l l a t a  (22%) and E. opunt ia  f .  t r i l o b a  (20%). 

The c l u s t e r  p l o t s  (Figs. 2 and 3)  r e v e a l  d i s t i n c t l y  d i f f e r e n t  
zonat iona l  p a t t e r n s  between t h e  two s i t e s .  The bay s i t e  i s  
cha rac t e r i zed  by (1) t h e  Caulerpa/Halimeda assemblage forming a band 
n e a r e s t  t he  mangrove r o o t s  which i n t e r g r a d e s  i n t o  (2) a zone dominated 
by t h e  Halimeda/Dictyota assemblage. This  l a s t  c l u s t e r  group, i n  
conjunct ion  w i t h  (3 )  an assemblage cha rac t e r i zed  by t h e  c o r a l l i n e s  
Amphiroa and Neononiolithon, forms a t h i r d  zone, whi le  t h e  f o u r t h  
most-seaward zone i s  de l inea t ed  by t h e  dominance of (4) a 
~ h a l a s s i a / ~ a l i m e d a  assemblage. The channel s i t e  a l s o  contained four  
zonal  assemblages a s  fo l lows ,  proceeding from t h e  edge of t h e  mangrove 



i s l a n d  toward t h e  main channel: (1) a ge l a t inous  diatom-dominated 
group over ly ing  C. v e r t i c i l l a t a  i n  very  s i l t y  s u b s t r a t a  near-est t h e  
mangrove r o o t s ,  w i t h  Halimeda a l s o  present  more channelward, (2) a 
Spyridia/Halimeda assemblage, fol lowed by (3) a zone dominated by t h e  
Halimeda spp. c l u s t e r  and, l a s t l y ,  (4) a Tha la s s i a  assemblage t h a t  
cont inues on ac ros s  t h e  Twin Cays main channel ( ~ i g .  1). 

I n  terms of product ion r a t e s  per  square meter  of t h a l l u s  p l ana r  
a r e a  (Fig. 41, t h e  c o r a l l i n e s  Neononiolithon s t r i c t u m  (Fos l i e )  
S e t c h e l l  and Mason (0.38 g carbon/mL/h) Amphiroa f r a n i l i s s i m a  (0.29) 
and Amphiroa r i p i d a  Lamouroux var .  a n t i l l a n a  Bdrgesen (0.29) were 
h ighes t ,  fol lowed by t h e  ca lcareous  green  a l g a  P e n i c i l l u s  py r i fo rmis  
A. & E.S. Gepp (0.19). I n  t e r m s  of p r o d u c t i o n  p e r  u n i t  of s u b s t r a t u m ,  
t h e  channel s i t e  was n e a r l y  1.3 t imes  more product ive on t h e  av r age  
than  t h e  bay s i t e ,  l ed  by t h e  g e l a t i n o u s  diatom (4.1 g carbon/m5 of 
substratum/day).  I n  c o n t r a s t ,  t h e  siphonaceous green a lga ,  Halimeda 
opunt ia  f .  t r i l o b a  was by f a r  t h e  g r e a t e s t  con t r ibu to r  t o  community 
p roduc t iv i ty  (5.4 g c/m2/d) a t  t h e  bay s i t e .  

DISCUSSION 

Although t h e  seag ras s  Tha la s s i a  tes tudinum was a conspicuous 
component of t h e  f l o r a s  a t  both s i t e s ,  a lgae  c o l l e c t i v e l y  were the  
predominant organisms (cf .  Tables  2 and 31, providing 73.8% of t h e  
p l a n t  cover and 83.6% of t h e  p roduc t iv i ty  a t  t h e  bay s i t e  and 89.9% 
and 92.4% of t h e  t o t a l  p l a n t  cover and p roduc t iv i ty  a t  t h e  channel 
s i t e ,  r e spec t ive ly .  The filamentous-group dominated product ion a t  t h e  
channel s i t e ;  whereas, t h e  soft-bottom siphonaceous a l g a l  forms 
provided the  m a j o r i t y  of product ion a t  t h e  bay s i t e .  The o v e r a l l  
community c o n t r i b u t i o n  of t he  seag ras s  was more than  double i n  te rms  
of b o t h  c o v e r  (26.2% v s .  10.1%) and p r o d u c t i v i t y  (16.4% v s  7.6%) a t  
t h e  bay s i t e .  

McRoy and Lloyd (1981) have con t r a s t ed  marine macrophytes i n t o  
two fundamentally d i f f e r e n t  groups: (1) t h e  macroalgae and (2) t h e  
seagrasses .  The former group, according t o  t hese  au thors ,  i s  
cha rac t e r i zed  a s  analogous t o  f i l t e r  feeding animals  ( i n  t h e i r  
e x t r a c t i o n  of n u t r i e n t s )  whi le  secured t o  two-dimensional hard 
s u b s t r a t a  by means of a ho ld fa s t .  The l a t t e r  e x t r a c t  n u t r i e n t s  from 
both the  water  column and s o f t  sedimentary,  three-dimensional  
s u b s t r a t a  by means of vascular  root-rhizome systems t h a t  a l s o  se rve  t o  
anchor them. This dichotomy ignores  t h e  many siphonaceous a l g a l  forms 
t h a t  we have shown (Tables 2 and 3) t o  be preva len t  i n  a s s o c i a t i o n  
w i t h  Twin Cays mangrove i s lands .  These a lgae ,  mainly of t h e  order  
Caulerpales ,  a l s o  have roo t - l i ke  and rhizomatous systems f o r  
a t tachment  i n  s o f t  s u b s t r a t a  and, because c ros s  w a l l s  a r e  minimal,  can 
u t i l i z e  cytoplasmic s t reaming t o  t r a n s l o c a t e  n u t r i e n t s  taken up from 
both the  sedimentary and aqua t i c  mi l ieu .  

I n  terms of t h e  predominant marine p l an t  f u n c t i o n a l  groups (Table 
4), t he  Jointed-Calcareous-Group dominated the  bay s i t e  w i t h  48.6% of 
t h e  t o t a l  cover,  fol lowed by t h e  Thick Leathery-Group (26.0%), Sheet- 
Group ( l2 .6%) ,  F i l amentous-Group (11.7%), Crustose-Group (1.2%) and 
Coarsely-Branched-Group (0.1%). The Jointed-Calcareous-Group a l s o  



con t r ibu ted  a d i sp ropor t iona te ly  l a r g e  amount t o  t h e  t o t a l  marine 
macrophytic p roduc t iv i ty  (63.1%), t h e  o rde r  of importance t o  
product ion of t h e  remaining groups was t h e  same a s  f o r  cover (Thick- 
Leathery, 16.1%; Sheet ,  9.7%; Fi lamentous,  7.5%; Crustose,  3.4%; 
Coarsely-Branched, 0.1%). Members of t h e  Sheet-Group and t h e  
Crustose-Group were l a r g e l y  absent  from t h e  channel s i t e .  For t h e  
channel s i t e ,  t h e  Filamentous-Group cont r ibu ted  t h e  m a j o r i t y  of t o t a l  
community cover (64.9%) a s  w e l l  a s  p roduc t iv i ty  (58.6%), whereas t h e  
Jointed-Calcareous-Group ranked second (20.8% of t o t a l  cover and 29.8% 
of t o t a l  p roduc t iv i ty )  and t h e  Thick-Leathery-Group was t h i r d  (10.2% 
of cover and 7.6% of p roduc t iv i ty ,  respec t ive ly) .  Coarsely-Branched- 
and Crustose-Groups were minor components a t  both s i t e s .  

The two macrophyte communities a r e  e s s e n t i a l l y  q u i t e  s i m i l a r  
(Tables 2 & 31, w i t h  t h e  m a j o r i t y  of d i f f e r e n c e s  (e.g. cover,  
p roduc t iv i ty ,  evenness and r i chness ;  Table 1)  due t o  t h e  ep iphy t i c  
ove r s to ry  con t r ibu ted  by t h e  Filamentous-Group a t  t h e  s h e l t e r e d  
channel s i t e .  This  ex tens ive  mat- l ike canopy of a very  d e l i c a t e ,  
f i l amen tous /ge l a t inous  diatom and weakly anchored Caulerva 
v e r t i c i l l a t a  may be very s u s c e p t i b l e  t o  wave damage a t  t h e  more 
no r the r ly ,  exposed bay s i t e .  We observed mats  of t h e  diatom being 
t o r n  loose by the  a c t i o n  of a boat wake on one occasion. The poor 
biomechanical r e s i s t a n c e  of f i lamentous  a lgae  has been documented f o r  
both temperate  h a b i t a t s  ( L i t t l e r  and L i t t l e r  1980) and b i o t i c  r e e f s  
( L i t t l e r ,  L i t t l e r  and Taylor 1983). 

Mangrove i s l a n d  mud banks, such a s  those s tudied  here ,  tend t o  be 
depauperate  i n  regard  t o  t he  photosynthe t ic  c o r a l s ,  t h e  Sheet-Group of 
macrophytes, non-ca lc i f ied  frondose forms (i.e. Coarsely-Branched- and 
  hick-~eathery-~roup) and the  Crustose-Group. I n  c o n t r a s t ,  on hard- 
sur faced  carbonate  r e e f s  ( ~ i t t l e r  and L i t t l e r  19841, c o r a l s ,  non- 
a r t i c u l a t e d  c o r a l l i n e  a lgae  (Crustose-Group) and/or  va r ious  sma l l  
microscopic forms (Filamentous-Group) u sua l ly  comprise t h e  major 
cover. Larger non-calcareous frondose macrophytes (Sheet-, 
Coarsely-branched-, Thick-leathery-Groups) occur abundantly on 
r ee f  f l a t s  (Doty 1971; Wanders 1976; Connor and Adey 1977), 
uns t ruc tured  sand p l a i n s  (Ear le  1972; Dahl 1973; Hay 1981a) o r  
deep-water s i t e s  ( L i t t l e r  e t  a l .  1985) where herbivory i s  very  
low. 

The inconspicuousness of non-calcif ied a lgae  on many shal low ree f -  
f r o n t  systems i s  thought  andal all 1961; Wanders 1977; Borowitzka 1981) t o  
r e s u l t  p r i m a r i l y  from i n t e n s i v e  graz ing  by t h e  numerous herb ivores  and 
omnivores i nhab i t i ng  t h e s e  s p a t i a l l y  heterogeneous systems. Where s p a t i a l  
he te rogenie ty  (i.e. p r o t e c t i v e  cover f o r  f i s h e s  and sea  urchins)  i s  
minimal on t r o p i c a l  r e e f s ,  herb ivore  a c t i v i t y  i s  r e l a t i v e l y  low (Connor 
and Adey 1977; Brock 1979; Hay e t  a l .  1983) and reasonably l a r g e  s tanding  
s tocks  of macrophytes o f t e n  develop (Doty 1971; Tsuda 1971; Connor and 
Adey 1977; Wanders 1976). On Twin Cays, t h e  shal low bordering mud f l a t s  
a r e  extremely low i n  s p a t i a l  he te rogenei ty ,  w i t h  t h e  macrophytes 
themselves comprising most of t h e  three-dimensional s t r u c t u r e .  Barracuda 
(Sphyraenidae), mangrove snapper ( ~ u t j a n i d a e ) ,  jacks (Carangidae) and 
o t h e r  f i s h e s  a r e  abundant preda tors  near  t he  channels and hanging r o o t s  of 
mangrove i s l a n d s  (personal  observa t ions) ,  and t h i s  undoubtedly c o n t r i b u t e s  
t o  t h e  reduced l e v e l s  of herbivorous f i shes .  



Sea urchins  can be l o c a l l y  abundant w i t h i n  t h e  mangrove roo t  
h a b i t a t  and o f t e n  produce a  graz ing  ha lo  (cf.  Ogden e t  a l .  1973) t h a t  
tends t o  be dominated by g r a z e r - r e s i s t a n t  (Paul and Fen ica l  1983) 
spec i e s  of Halimeda (Figs.  4  & 5) ad j acen t  t o  and between t h e  
Rhizophora mangle. Tha la s s i a  tes tudinum w i t h  o the r  i n t e r spe r sed  
seagrasses  and Caulerpales  become abundant beyond t h e  feeding  ranges 
of urch ins  un le s s  an eroded bank prevents  such a  t r a n s i t i o n .  Sea 
urchins  were numerous among the  mangrove r o o t s  a t  t he  bay s i t e  and 
moved onto t h e  a l g a l l s e a g r a s s  f l a t s  a t  night .  To ta l  s ea  urchin  
d e n s i t y  i n  t h e  v i c i n i t y  of t he  bay s i t e  was 4.4 comprised most ly  
of Echinometra v i r i d i s  Agassiz,  &. l a cun te r  (L.) and Lytechinus 
va r i ega tus  (Lamarck), w i t h  Diadema a n t  i l l a r u m  P h i l i p p i ,  Eucidar i s  
t r i b u l o i d e s  (Lamarck) and Tr ipneus tes  v e n t r i c o s a  (Lamarck) a l s o  
present .  During approximately 20 person-hours of searching ,  no 
urchins  were encountered i n  t he  v i c i n i t y  of t h e  channel s i t e .  Other 
r e sea rch  (Taylor,  L i t t l e r  and L i t t l e r ,  submit ted)  i n d i c a t e s  t h a t  such 
d i f f e r e n c e s  i n  herb ivory  may, i n  conjunct ion w i t h  the  phys ica l  a c t i o n  
of waves mentioned above, account f o r  t h e  r educ t ion  of d e l i c a t e  
f i lamentous  forms and ep iphytes  and t h e  predominance of herbivore- 
r e s i s t a n t  macrophytes a t  t he  bay s i t e .  

Such r e s i s t a n t  p l a n t  popula t ions  o f t e n  c o n t r i b u t e  ( ~ o g e r s  and 
Salesky 1981) a  major po r t ion  of t h e  t o t a l  primary p roduc t iv i ty  of 
some r ee f s .  However, most evidence (e.g. Wanders and Wanders-Faber 
1974, Bunt 1975, Marsh 1976, Dahl 1976 Larkum 1981, Rogers and Salesky 
1981) i n d i c a t e s  t h a t  it i s  t h e  fast-growing and o p p o r t u n i s t i c  
f i lamentous  a lgae  of spa r se  mats t h a t  r e s u l t  i n  t h e  very  high 
pr imary product ion r a t e s  per  u n i t  a r e a  of most b i o t i c  r ee f s .  
Conversely, t ightly-compacted mats  of a lgae  ( t u r f s ) ,  such a s  
those  of t h e  channel s i t e ,  u sua l ly  show reduced p roduc t iv i ty  
l e v e l s  ( L i t t l e r  and Arnold 1980, Hay 1981b, Taylor  and Hay 1984) 
due t o  overlapping d i f f u s i o n  g r a d i e n t s  and s e l f  shading. 

The t o t a l  community primary p roduc t iv i ty  a t  t h e  channel s i t e  was 
28% h i g h e r  t h a n  a t  t h e  bay s i t e  (17.2 v s .  13.4 g  C f i x e d ~ m - ~  of 
substratum0d-'1. This  d i f f e r e n c e  was l a r g e l y  due t o  t h e  c  n t r i b u t i o n s  -P of t h e  f i l amen tous /ge l a t inous  diatom (4.1 g  C fixed'm-2'd ) and 
Spyr id i a  f i l amen tosa  (2.21, ep iphytes  t h a t  were not  abundant a t  t h e  
bay  s i t e .  

The macrophytic day l igh t  community p r o d u c t i v i t i e s  a t  both s i t e s  
were q u i t e  high r e l a t i v e  t o  r ee f  systems and compare favorably  w i t h  
t h e  upper r a t e s  r epo r t ed  from dense seag ras s  meadows (Table 5). 
Reported d a i l y  pr imary product i v i t  i e s  of seagras  s  communities span t h e  
upper range from 5.8 t o  18.7 g  carbon/m2/d. Rates  r epo r t ed  f o r  r ee f  
systems range upwards t o  7.2 g  c/m2/d. We conclude t h a t  mud r ee f -  
f l a t s  ad jacent  t o  t h e  mangrove i s l a n d s  of t h e  Bel ize  b a r r i e r  r ee f  
system produce a t  r a t e s  comparable t o  dense seagrass  beds and a r e  
cons iderably  more product ive than t y p i c a l  carbonate  r e e f - f l a t  
hab i t a t s .  This  high photosynthe t ic  capac i ty  may be r e l a t e d  t o  
r educ t ions  i n  herbivory,  enabl ing l a r g e r  s tanding s tocks  t o  develop, 
and t h e  r ecyc l ing  of n u t r i e n t s  from decomposi t ional  processes ,  which 
would be expected t o  augment t he  pr imary p roduc t iv i ty  of t h e s e  
o the rwi se  nutr ient- impoverished waters.  
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Table 1. Indices of richness, evenness and diversity, based on 
macrophytic species numbers and cover, for the bay and channel 
sites. 

Indices Channe 1 

H' index 2.32 2.39 
J' evenness 0.85 1 .OO 
E' equitability 0.64 0.99 
D' richness 2.52 1.44 
Number of species 14 11 
S impsons index 0.11 0.09 
Total cover 97.8 151.8 
Total productivity 13.4 17.2 
(g carbon/m2/d) 

Table 2. The major contributors of community cover and primary 
productivity (g carbon/m2/d) at the bay site. 

Taxa Cover Productivity 
(%) (m2 of substratum) 

Halimeda opuntia f. triloba (Decaisne) Barton 
Thalassia testudinum Banks & KBnig 
Dictyota dichotoma (Hudson) Lamouroux 
Caulerpa verticillata J. Agardh 
Amphiroa franilissima (Linnaeus) Lamouroux 
Neogoniolithon strictum (F'oslie) Setchell & Mason 
Halimeda monile (Ellis & Solander) Lamouroux 
Dasya rinidula (~fftz.1 Ardiss. 
Amphiroa ri~ida Lamouroux var. antillana Bdrgensen 
Valonia ventricosa J. Agardh 
Wrannelia sp. 
Hypnea sp. 
Penicillus capitatus Lamarck 
Dictyosphaeria cavernosa (Forssk.) Bdrgesen 

Totals 97.8 13.4 



Table 3. The major contributors of community cover and primary 
productivity (g carbon/m2/d) at the channel site. 

Taxa Cover Productivity 
( X I  (m2 of substratum) 

Gelatinous diatom 
Caulerpa verticillata J. Agardh 
Halimeda opuntia f. ,triloba (Decaisne) Barton 
Thalassia testudinum Banks & Khig 
Spyridia filamentosa (Wulfen) Harvey 
Halimeda monile (Ellis & Solander) Lamouroux 
Penicillus capitatus Lamarck 
Dictyosphaeria cavernosa (Forssk.) Bdrgesen 
Caulerpa mexicana (Sound.) J. Agardh 
Amphiroa fragilissima (Linnaeus) Lamouroux 
Penicillus pyriformis A. & E.S. Gepp 

Totals 

Table 4. Functional-group categories and major component taxa. 

Functional Groups Characteristics Taxa 

Filamentous-Group Thin, uniseriate, Gelatinous diatom, 
multiseriate Caulerpa verticillata, 
or lightly corticated Dasya rinidula, 

Spyridia filamentosa, 
Wrangelia sp. 

Sheet-Group Uncorticated, foliose 

Coarsely-Branched-Group Corticated 

Dictyota dichotoma 

Caulerpa mexicana, 
Dictyosphaeria cavernosa, 
Hypnea sp., 
Penicillus capitatus, 
Penicillus pyriformis, 
Valonia ventricosa, 

Thick-Leathery-Group Differentiated, heavily Thalassia testudinum 
corticated, thick walled 

Jointed-Calcareous-Group Calcified genicula, Amphiroa franilissima, 
uncalcified intergenicula Halimeda monile, 

Halimeda opuntia f. triloba 

Crustose-Group calcified or uncalcified Neogoniolithon strictum 
parallel cell rows, 
encrusting 



Table 5. Comparative upper product ion r a t e s  of macrophyte 
communities i n  t r o p i c a l  marine shal low water  ecosystems. 

Community type  P roduc t iv i ty  Locat ion  Study 
g carbon/m2d 

Mangrove banks 

channe 1 

bay 

Seagrass  Meadows 

Cvmodocea nodosa K.D.E. K h i g  
dominant 

Syrinaodium i s o e t i f o l i s  
Archers and Graeb dominant 

Tha la s s i a  testudinum dominant 

Tha la s s i a  testudinum dominant 

Tha la s s i a  tes tudinum dominant 

Carbonate Reefs 

Shallow f o r e  and back r e e f s ,  
a l g a l  t u r f  dominated 

Fr inging  r e e f ,  - - 

~ e o g o n i o l i t h o n  f ru t e scens  dominated 

I n t e r t i d a l ,  0.65-2.15 
b lue  green  a lgae  dominated 

Macroalgal dominated 1.5 -3.0 

Photosynthe t ic  c o r a l s  and 1.6-7.2 
a l g a l  t u r f s  

Bel ize  This s tudy 

Bel ize  This  s tudy  

Mediterranean Gessner & 
Hammer, 1960 

Laccadives Qasim & 
B h a t t a t h i r i ,  1971 

Cuba Buesa, 1972 

F lo r ida  Odum, 1963 

Texas Odum & 
Hoskin, 1958 

S t .  Croix Brawley & 
Virgin  I s .  Adey, 1977 

French Sournia ,  1976 
Polynesia  

Enewetak Bakus, 1976 

Canary Is. Johnston, 1965 

Enewetak Smith, 1973 



SIMILARITY COEFFICIENT 

CAULERPA. 
HALIMEDA 

HALIMEDA. 
DICTYOTA 

HALIMEDA. DICTYOTA . 
THALASSIA . JANIA 
NEOGONJOLITHON 

THALASSIA - 
HAL1 MEDA 

Figure 2. Cluster analys i s  based on percentage cover data for  the bay s i t e  quadrats 
( l abe l l ed  by d is tance  along transect  i n  meters) expressed a s  a dendrogram- Dominant 
cover organisms i n  each c lus ter  group are given on the r ight .  



SIMILARITY COEFFICIENT 

GELATINOUS DIATOM. 
CAULERPA . HAL1 MEDA 

SPYRlDlA - 
HALIMEDA 

I HALIMEDA SPP 

7.25 

7.25 
THALASSIA - 6.95 

6 6 5  
F i g u r e  3.  C l u s t e r  a n a l y s i s  based on percen tage  cover  d a t a  f o r  t h e  channel  s i t e  q u a d r a t s  

( l a b e l l e d  by d i s t a n c e  a long t r a n s e c t  i n  m e t e r s )  expressed  a s  a  dendrogram. Dominant 
- - - -  - . A 



HALIMEDA . DICTYOTA . 
O r  CAULERPA- HALIMEDA - THALASSIA . JANIA - THALASSIA- 

HALIMEDA D I CT YOTA NEOGONIOLITHON HALIMEDA 

I GELATINOUS DIATOM. 
CAULERPA- HALIMEDA 

SPY RI DIA - 
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THALASSIA 
HALIMEDA SPF! 1 

DISTANCE FROM SHORE ( m )  

Figure 4. Diagrammatic locat ions  of dominant c lus ter  groups (determined from Figs.  2 & 3 )  i n  
re la t ion  t o  depth p r o f i l e  and distance along the shorel ine a t  the bay s i t e  (upper p l o t )  
and channel s i t e  (lower p lot ) .  



Figure 5. Net apparent primary productioit ies  (m-2 substratum) of  dominant macrophytes from 
Twin Cays on 24 April 1980. 2 9 5 %  confidence l i m i t s  given by ver t i ca l  l ines .  




