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ABSTRACT

The biom ass of m acroalgae w as m easured  in  Cienfuegos Bay to determ ine the spatia l an d  tem poral variations of 
macroalgae com m unities. The m ean  values of biom ass ranged from 7.5 (Playa Alegre sta tion  in  February-01) to 
1055.4 gnr2 (Junco S ur sta tion  in  October-00). The m orphofunctional group dom inant in  all stations w as the 
coarse forms, represented  by the species H ypnea spinella  (C. Agardh) Kützing, Acanthophora spicifera (M. Vahl) 
Borgesen, Gracilaria blodgettii Harvey, and  Chondrophycus papillosus (C. Agardh) G arbary & Harper. The north  
lobule, characterized by more im pact of urbanization  an d  industrialization  harboured  few macroalgae species 
relative to the site of so u th  lobule. H ypnea spinella  an d  Gracilaria spp., to leran t species to a  wide range of 
ecological conditions were dom inant species a t  locations of no rth  lobule. M acroalgal diversity w as greatest a t  the 
sta tion  located a t  so u th  lobule; th is  sta tion  exhibited more oceanic conditions, w hich is explained by the 
abundance of Chondrophycus papillosus, characteristic of oligotrophic areas. It w as observed a  rem arkable 
seasonal variation in  biom ass values a t  all stations. The h ighest biom ass a t  n o rth  lobule w as registered during 
the rainy period; it  could be due to en richm ent effects in  th is period. The h ighest b iom ass a t  the sta tion  of sou th  
lobule w as registered during the dry period, the overgrowth of a  filam entous green algae observed in  th is period 
could be explained by more transparency  and  disposition of light a t  the w ater in  dry season.
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RESUM EN

Se estudió la  biom asa de m acroalgas en  la bah ia  de Cienfuegos con el objetivo de determ inar su  variación 
espacio-tem poral. Los valores medios de biom asa oscilaron entre 7 .5  (Playa Alegre en  febrero-01) y 1055 g n r2 
(Junco S ur en  octubre 00). El grupo de las form as carnosas fue el dom inante en  todas las estaciones de colecta, 
representado principalm ente por las especies H ypnea spinella  (C. Agardh) Kützing, Acanthophora spicifera (M. 
Vahl) Borgesen, Gracilaria blodgettii Harvey, y Chondrophycus papillosus (C. Agardh) G arbary & Harper. El 
lóbulo norte, caracterizado por m ayor im pacto de la  urbanización e industrialización, p resentó  m enor diversidad 
de m acroalgas en  com paración con la  estación del lóbulo sur. H ypnea spinella  y Gracilaria spp, especies 
to lerantes a  am plios rangos de condiciones ecológicas fueron dom inantes en  las estaciones del lóbulo norte. E n 
la  estación ub icada en  el lóbulo su r  se registró la  m ayor diversidad. E sta  estación  evidencia mejores condiciones 
oceánicas, lo cual e s tá  susten tado  por la  abundancia  de Chondrophycus papillosus (C. Agardh) G arbary & 
Harper, característica de aguas m ás limpias. Se observó u n a  notable variación tem poral en  Ios valores de 
biom asa en  todas las estaciones. E n las estaciones del lóbulo norte se registró el m ayor valor de b iom asa en  el 
período lluvioso, lo cual puede ser debido a  u n a  mayor en trad a  de nu trien tes du ran te  ese período. E n la 
estación del lóbulo su r se registró el m ayor valor de biom asa en  el período de seca, registrándose u n  
sobrecrecim iento de u n  alga verde filam entosa que a l parecer fue estim ulado por u n a  m ayor tran sparenc ia  y 
disposición de luz en  el agua  en  e s ta  época del año.

Palabras clave: biom asa; microalgas; bahías; análisis m ultidim ensional; ASW, Cuba.

Cienfuegos Bay re p re se n ts  th e  m ost im p o rtan t 
n a tu ra l  re so u rce  in  th e  C ienfuegos province. Port 
an d  m arin e  activ ities re p re se n t one of th e  p rincipal 
m u ltip le  u s e s  of th e  bay. T he coasta l a re a  of th e  
bay  is  also im p o rtan t for to u rism , p articu la rly  for 
w a te rsp o rts , sw im m ing an d  sp o rt fishing. O ther 
im p o rtan t activ ities w ith in  th e  bay  are  asso c ia ted  
w ith  in d u stry , ag ricu ltu re  an d  u rb a n  developm ent.

T he m arin e  m acroalgae of C ienfuegos Bay 
re p re sen t a  flora of over 69 spec ies (M oreira e t al., 
2003). They play  im p o rtan t ecological roles, 
includ ing  p rim ary  p ro d u c tio n  an d  provision of 
h a b ita ts  th a t  su p p o rt phy ta l co m m unities of 
in v erteb ra tes. P o pu la tions of th e  frondose 
agarophy te  Gracilaria spp. a n d  ca rragenophy te  
H yp n ea  sp inella  a re  p articu la rly  a b u n d a n t in
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Cienfuegos. They are  d is tr ib u te d  approx im ately  in 
fifteen n a tu ra l  b a n k s  w ith  a  d ep th  betw een  0.2 an d  
2 m e te rs  (León e t a l ,  2002). M any a re a s  of th e  bay  
show  to ta l ab sen ce  of m acrop h y to b en th o s.

Several ecological s tu d ie s  of m acro p h y tes  in  th e  
w orld (Powell e t a l ,  1989; Z iem an e t a l ,  1989, De 
C asab ian c a  e t a l ,  1997), an d  in  C u b a  (M artinez- 
D a ra n a s  e t a l ,  1996; Perdom o, 1998) u se  th e  
b io m ass a s  im p act in d ica to r (e. g. eu troph ication) 
on th e  m acro p h y tes  com m unities. In m arin e  or 
lagoon env ironm en ts, eu tro p h ica tio n  generally  
ca u se s  a  d ecrease  in  specific diversity  of b en th ic  
m acrophy te  co m m unities an d  m onospecific 
co m m u n ities  w ith  o p p o rtu n is tic  an d  n itro p h ilo u s  
sp ec ies su c h  a s  Ulva spp ., Cladophora  spp . an d  
Gracilaria spp . prevailing  (De C asab ian c a  e t a l ,  
1997; Peckol an d  Rivers, 1996).

T he p u rp o se  of th is  s tu d y  is  to analyze sp a tia l 
v a ria tio n s  of m acroalgae co m m unities (biom ass) 
an d  m orpho fu n c tio n a l g ro u p s d u rin g  different 
se a so n s  along bay.

MATERIALS AND METHODS 

S tu d y  area

C ienfuegos Bay is  located  in  2 2 °  9 ' N an d  8 0 °  27' 
W, so u th e rn  cen tra l region of C u b a  (Fig. 1). The 
bay  h a s  an  a re a  of 90  k m 2 a n d  an  average d ep th  of 
14 m . T he topography  of th e  bay  is  sim ple an d  th e  
m o st im p o rtan t fea tu re  is  a  n a rro w  an d  shallow  
w all (average d ep th  1 m) th a t  divides th e  b as in  into 
two lobules. Several rivers  flow to w ard s th e  bay, 
form ing a  com plex es tu ary . T he m ain  rivers are 
D am ují, Salado, Arimao an d  C aonao. T hese rivers 
a re  pollu ted  by several lan d  b ased  so u rces  of 
po llu tion . O ther less  extensive river b a s in s  a re  also 
p re sen t, su ch  a s  El Ingles, Las C alab azas an d  
M anacas creeks, an d  th ese  all co n trib u te  w ith  
add itional sign ifican t levels of p o llu ta n ts  to th e  
bay. T hese lan d -b ased  so u rces  of p o llu ta n ts  
inc lude  n u tr ie n ts  (from ag ricu ltu ra l a n d  dom estic  
sources), chem icals  (industria l a n d  agricu ltural), 
su sp en d e d  sed im ent, etc. The n o rth  lobule receives 
th e  m ajor p a r t  of w astew a te r’s  d isch arg es  from 
Cienfuegos city, D am ují an d  Salado  rivers; El 
Ingles, Las C alab azas a n d  M anacas creeks. The 
so u th  lobule su ffe rs  a  m inor an th ropogen ic  
d is tu rb an ce , p rincipally  from C aonao an d  Arimao 
rivers  (Villasol e t al., 1990).

W eather in  th e  s tu d y  a re a  is  divided in  two 
seaso n s: dry  (November-April) a n d  ra in y  (May - 
October) season . T he a n n u a l m ean  te m p e ra tu re  is

24.7°C , th e  h ig h es t m on th ly  te m p e ra tu re  o ccu rs  in 
ra in y  seaso n , 27.0°C  in J u n e , a n d  th e  low est 
o ccu rs  in  dry  seaso n , 21.6°C  in J a n u a ry . The 
a n n u a l m ean  ra infall is  1376.5 m m ; 1078.7 m m  
fall in  ra in y  seaso n  a n d  297 .8  m m  in dry  season . 
T he ra in ie s t m o n th  is  J u n e  (214.7 mm) an d  
D ecem ber (32.6 mm) is  th e  driest.

T he bay  h a s  a  m ark ed  vertical s tra tifica tion  cau sed  
by ru n o ff from lan d  a n d  low tidal m ix tu re. In ra iny  
sea so n  (M ay-October) th e  m ean  v a lu es  of su rface  
sa lin ity  a re  low (16 - 20%<j, b u t th e  bo ttom  w ater 
k eep s h igher v a lu es  sim ilar to ocean  w ate rs . In dry 
seaso n , sa lin ity  h a s  v a lu es  betw een 30 an d  32% o 
in along th e  w a te r co lum n (Seisdedo an d  M uñoz, 
2005).

S am p lin g  d es ig n  and p ro cess in g  o f  sa m p les

N ineteen collections (sam ples) of m acroalgae w ere 
u n d e r ta k e n  in  five m o n th s  (Ju ly -2000 , O ctober- 
2000 , N ovem ber-2000, F ebruary-2001  a n d  Ju ly - 
2001) in  four s ta tio n s  (Table 1) in  shallow  w a te rs  
(less th a n  2 m in each  station). La M ilpa s ta tio n  is  
o u t of in d u s tria l an d  u rb a n  a re a  a n d  could  be 
considered  a  contro l site. P rácticos s ta tio n  could 
n o t be sam pled  in  Novem ber-00.

Table 1. Sam pling  s ta tio n s  in  C ienfuegos Bay.

S ta tion Latitude
(°N)

Longitude
(°W)

Substrate

La Milpa 22°04.43" 80°27.40' rocky/ sandy
Ju n co  Sur 22°07.40" 80°26 .10' sandy/rocky  

w ith rubbles
Prácticos 22°08.31" 80°27.70' rubbles

predom inant
Playa Alegre 22°07.42" 80°26.50' sandy /  m uddy

In  e a c h  s ta tio n , tw o p a ra lle l t r a n s e c t  lin e s  w e re  lo ca ted  
a c ro s s  th e  s a m p lin g  a r e a  (D odge e t a í ,  1982) (in o rd e r  to  
co v er th e  ra n g e  o f e n v iro n m e n ta l  c o n d itio n s  w ith in  th e  
s ta tio n ). A long e a c h  tr a n s e c t ,  a  v a ria b le  n u m b e r  of 
q u a d r a n t s  (rep lica tes) w e re  lo c a te d  a t  a n  e q u a l d is ta n c e . 
T h e  c r i te r io n  follow ed w a s  to  ta k e  m o re  q u a d r a n t s  in  
s ta t io n s  w ith  a  h ig h e r  n u m b e r  of sp e c ie s  (grossly  
a s s e s s e d  by  v is u a l in s p e c tio n  of th e  co llec ted  m a te r ia l  in  
th e  field). E a c h  q u a d r a n t  h a s  0 .2 4  m 2 of a r e a  a n d  all 
m a c ro a lg a e  in s id e  w e re  ca re fu lly  co llec ted  in  p la s tic  
b ag s .

T h e  o rg a n ism s  w ere  p re s e rv e d  in  b u ffe re d  fo rm a lin  5%  
w ith  s a l t  w a te r . T h e  m a c ro a lg a e  w ere  id en tif ied  below  
s te re o  a n d  m ic ro sc o p e  a c c o rd in g  to  T ay lo r (1960) a n d  
L ittle r  a n d  L ittle r (2000). T h e  a lg ae  w ere  p u t  o n  filte r 
p a p e r  to  e lim in a te  e x c e ss  w a te r  a n d  w e ig h te d  (gross 
w eigh t) in  a  b a la n c e  (accu racy : 0 .1  g).
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Fig. 1. Location of sam pling  s ta tio n s  in  C ienfuegos Bay.

D ata a n a ly s is

U nivariate m easu res: The softw are S ta tis tica  5.0 
(S tatsoft, 1995), w a s  u se d  for g raph ical an d  
u n iv a ria te  ana lysis. T he m acroalgae spec ies w ere 
c lu s te red  in  five m orphofunc tiona l g ro u p s (after 
Litter an d  Litter, 1980): a) sh ee t, b) filam entous, c) 
coarsely  b ra n ch ed , d) th ick  lea th e ry  an d  e) jo in ted  
ca lcareous. T he to ta l b io m ass  of m acroalgae w as 
te s ted  by tw o-w ay ANOVA for d ifferences re la ting  
to  th e  factors: a) m o n th  (five levels) an d  b) s ta tio n  
(four levels). A single com bination  of tre a tm e n ts  
(Prácticos s ta tio n  -  N ovem ber-00 m onth) w as  no t 
sam pled ; it c a u se s  an  incom plete  design w ith  a  
lack  of efficiency in  th e  a sse ssm e n t of co m p o n en ts 
of variance. T he d a ta  w ere tran sfo rm ed  (using 
T ay lo r's  pow er law  after Elliot, 1971) u n til a  po in t 
of non-co rre la tion  betw een  m e an /v a rian ce . The 
tran sfo rm a tio n  u se d  w as  (data)T w ith  T = 0.09 
(equivalent to c lassica l logarithm  transfo rm ation ). 
An ANOVA tes t, w ith  low or n u ll correlation  
m e a n /v a ria n c e  sh o u ld  be co n sis ten t enough  to 
m o d era te  v io lations of p a ram e tric  a ssu m p tio n s  (e. 
g. non -norm ality , heterocedastic ity) (Zar, 1996).

S pecies accu m u la tio n  cu rv es w ere u se d  to a s se ss  
th e  ad eq u acy  of sam ple  size (Elliot, 1971), allowing 
an  u n b ia sed  eva lua tion  of biodiversity. S h an n o n  
diversity  index  (H') (logarithm s b ase  e) w as 
ca lcu la ted  (based  on b io m ass  data) u sin g

Jack k n ife  p ro ced u re  in  order to  ob ta in  m ean  an d  
d ispersion  v a lu es  for H '. A two-way ANOVA te s t 
w as  carried  o u t to  te s t differences betw een m o n th s  
an d  s ta tio n s  for th e  case  of H '. T he v a lu es  w ere no t 
tran sfo rm ed  b ec au se  th e  correlation  m e a n / 
variance  w as  n u ll (r = 0.01).

T he softw are PRIMER 5 .2 .9  (C larke an d  W arwick, 
2001) w a s  u se d  for m u ltivaria te  an a ly sis  of 
com m unities. T rian g u la r m atrice s  w ere com puted  
b ased  on sim ilarities betw een  every p a ir of 
sam ples, u s in g  th e  B ray -C urtis  coefficient an d  
tran sfo rm ed  d a ta  (in o rder to red u ce  th e  
co n trib u tio n  of d o m in an t spec ies in  th e  sim ilarity  
m atrix). A nm M D S (non-m etrical m u ltid im ensional 
scaling) d is trib u tio n  w as  applied  to exam ine th e  
sep a ra tio n  of sam p les  b ased  on th e  com m unity  
s tru c tu re  (e. g. b io m ass  of each  specie in  each  
sam ple). T he sim ilarity  m atrix  w as  com pu ted  w ith  
th e  b io m ass  average for each  com bination  (e. g. all 
rep lica tes  from sta tio n -m o n th  com bination  w ere 
averaged). T his p ro ced u re  show s “averaged” 
co m m unities an d  re d u ces  th e  p o in t 's  jam  in th e  
plot. A two-way ANOSIM h y p o th es is  te s t (factors: 
s ta tio n  a n d  m onth) w as  ca rried  o u t to ca lcu la te  
differences in  th e  m acroalgae assem b lag es betw een 
m o n th s  a n d  s ta tio n s , accord ing  to  th e  b io m ass  of 
all spec ies (transfo rm ed  data). T h is  tim e, th e  
sim ilarity  m atrix  w as  com puted  on b io m ass  d a ta  of 
each  rep licate , w ith  a  sufficient n u m b er of
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p erm u ta tio n s . The ro u tin e  SIMPER w a s  ru n  to  look 
for th e  spec ies th a t  co n trib u ted  m ore to  average 
sim ilarity  of g ro u p s of sam ples.

RESULTS 

U n ivariate m ea su res o f  co m m u n ity  stru ctu re .

T he to ta l n u m b e r of collected spec ies of 
m acroalgae w as  33: 18 R hodophyceae, 5
P haeophyceae an d  10 C hlorophyceae (Table 2). The 
m ean  v a lu es  of to ta l b io m ass  ran g ed  from 7.5 
(Playa Alegre s ta tio n  in  February-01) to  1055.4 
g /m 2 (Junco  S u r s ta tio n  in  October-OO) (Fig 2). 
T here a re  no  clear p a tte rn s  of b io m ass  re la tin g  to 
m o n th  or s ta tion .

T able 2. L ists of species.

R h od oph yceae__________________________________
C ham pia p a rvu la  (C. Agardh) Harvey 
C hondria leptacrem on  (Melvill) De Toni
C eram ium  sp.
Acanthophora spicifera  (M. Vahl) Borgesen 
D igenea simplex{Wulfen) C. Agardh
C hondrophycus pap illo sus  (C. Agardh) G arb ary  & 

H arper
Spyrid ia  fila m en to sa  (Wulfen) Harvey 
Agardhiella  su b u la ta  (C. Agardh) Kraft & M. J .

W ynne 
Gracilaria blodgettii Harvey 
Gracilaria cervicornis (Turner) J .  Agardh 
Gracilaria dam aecornis  J .  Agardh 
Gracilaria m am m illaris (Montagne) M.A. Howe 
Grateloupia filicina  (J.V. Lamouroux) C. Agardh 
Gelidium  p u sillu m  (S tackhouse) Le Jo lis  
Gelidiella setacea(J. Feldm ann) J .  Feldm ann & G. 

Hamel
H yp n ea  musciformis(Wulfen) J.V . Lam ouroux
H yp n ea  spinella(C. Agardh) Kützing
Jania  capillacea Harvey__________________________

P h aeop h yceae__________________________________
Ectocarpus sp.
Sphacelaria novae-hollandiae  Sonder
D ictyota cervicornis Kützing
P adina sanctae-crucis  B orgesen
R osenvingea  intricada  (J.Agardh) Borgesen_______

C hlorophyceae_________________________________
Cladophora glomerata  (Linnaeus) Kützing 
C ladophora  sp.
C haetom orpha linum  (F. Müller) Kützing 
Chaetom orpha m inim a  Collins & Hervey 
Enterom orpha fle xu o sa  Wulfen

Ulva fa sc ia ta  Delile 
Ulva lactuca  L innaeus
C aulerpa sertularioides  (Gmelin) M.A. Howe 
Codium  decorticatum  (Woodward) M.A. Howe 
A cetabularia crenulata  J.V. Lam ourouxi)

T he two-w ay ANOVA on b io m ass d a ta  (all su m m ed  
species) in d ica tes  sign ifican t differences (d.f. = 11; 
F=3.31; p<0.001) in  th e  in te rac tio n  m o n th /s ta tio n . 
T here is  no tab le  tem pora l varia tion  of b io m ass in 
all s ta tio n s . J u n c o  S u r s ta tio n  in  ra in y  a n d  dry 
m o n th s  (October, November an d  February) show s 
th e  la rg est v a lu es  of to ta l b io m ass  (Fig. 2). 
F eb ru ary  h a s  th e  h ig h es t v a lu es  of b io m ass  in  La 
M ilpa an d  Ju n c o  S u r s ta tio n s , b u t  also  th e  low est 
v a lu es  a t  P rácticos an d  P laya Alegre sta tio n s.

T he m orphofunc tiona l g roup  d o m in an t in  all 
s ta tio n s  w as  th e  coarsely  b ra n ch ed , m ostly  
re p resen ted  by g en e ra  H ypnea, Acanthophora, 
Gracilaria an d  C hondrophycus. T he second  
position  in  a  ra n k  of dom inance is  sh a red  by sh ee t 
an d  filam en to u s groups.T he cum ulative  cu rves 
show  asym pto tic  tre n d s  in  all sam p led  s ta tio n s  
a n d  m o n th s  (Fig. 3). T his su g g ests  th e  sam ple  size 
is  sufficien t to a s s e s s  th e  d iversity  an d  n u m b er of 
spec ies in  th e  com m unities. T he v a lu es  of S h an n o n  
index  show  g rea t varia tion  betw een m o n th s  an d  
s ta tio n s  re sp ec t to  diversity  (Fig 4). T he two-way 
ANOVA te s t  in d ica tes  sign ifican t d ifferences in  H 's  
v a lu es  betw een m o n th s  (d.f. = 4; F = 2.81; 
p=0.026) an d  s ta tio n s  (d.f. = 3; F = 14.1; p<0.001) 
b u t  fa ilu re in  de tec t differences in  th e  in te rac tio n  
(d.f. = 11; F = 1.66; p=0.084).

T he s ta tio n  w ith  th e  h ig h es t d iversity  w as  La 
Milpa, w ith  a  n u m b er of spec ies (range: 16-22) 
h igher th a n  any  o th er s ta tio n . The J u n c o  S u r 
s ta tio n  show ed th e  low est v a lu es  of diversity  an d  
n u m b er of spec ies (Fig. 4). T he tem pora l varia tion  
of H in d ica tes  th a t  O ctober a n d  November a re  th e  
m o n th s  w ith  th e  h ig h es t d iversity  values. In th e  
P rácticos s ta tio n  th is  s ta te m e n t is  n o t ro b u s t 
b ec au se  th e  H 's  value is  a b se n t in  November.

M ultivariate m easu res o f  co m m u n ity  stru ctu re

For log-transform ed  d a ta , th e  nm M D S d is trib u tio n  
p lo t show s a  clear sep a ra tio n  of sam p les  from 
different s ta tio n s  (Fig. 5). T he sam p les  from La 
M ilpa an d  P laya Alegre s ta tio n s  have a  d istinctive 
com m unity  s tru c tu re  form ing se p a ra te  sam ple 
g roups. B ut, P rácticos a n d  J u n c o  S u r s ta tio n s  can  
n o t be d istin g u ish ed . A lthough th e  sam p les  from 
Prácticos s ta tio n  are  closer each  o th er th a n  Ju n c o  
Sur, in d ica tin g  less  variab ility  in  th e  s tru c tu re  of 
com m unity .
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A com parison  u s in g  a  tw o-way cro ssed  ANOSIM 
te s t, b ased  on spec ies b iom ass, revealed  sign ifican t 
differences betw een s ta tio n s  (999 p erm u ta tio n s; 
global R=0.50; p=0.001) an d  m o n th s  (999
p e rm u ta tio n s ; global R = 0.29; p=0,001). T he re su lt 
of global co m p ariso n s su p p o rts  th e  g raph ical 
sep a ra tio n  betw een s ta tio n s  in  th e  nm M DS plot.

In th e  pairw ise te s ts , all d ifferences betw een  p a irs  
of s ta tio n s  (range R v a lu es  = 0.31 -  0.68) an d  p a irs  
of m o n th s  (range R v a lu es  = 0 .22 -0 .53 ) are 
sign ifican t a t  p=0.001; th e  n u m b er of 
p e rm u ta tio n s  a re  sufficiently  large (999) in  all 
com parisons. T h is  in d ica tes  no tab le  differences in 
b io m ass m acroalgae com m unity  betw een  five 
sam pled  m o n th s  (averaged ac ro ss  all sta tions) an d  
betw een s ta tio n s  (averaged ac ro ss  all m onths).

T he average sim ilarity  of all sam p les  w ith in  a  
g roup  (e. g. averaging all v a lu es  of s im ilarities from 
q u a d ra n ts  w ith in  a  station) could  be decom posed 
in to  th e  co n trib u tio n s  from each  species; th is  gives 
sp ec ies w hich  are  typical of a  s ta tio n . T h is an a ly sis

show s th ree  p a irs  of typical spec ies in  each  sta tio n  
(Table 3). H yp n ea  sp inella  is  n o t a  good 
d iscrim in ato r b ec au se  it ap p e a rs  a s  an  im p o rtan t 
co n trib u to r in  th ree  of th e  sam pled  sta tio n s.

Table 3. Species th a t  co n trib u tes  in  50 %  (or more) 
to  average sim ilarity  of each  s ta tio n  (inside 
p a re n th e s is  th e  value of sim ilarity). See tex t for 
details.

Especie La
M ilpa
(35.4)

P rácticos
(34.8)

Ju n c o
S u r

(36.9)

Playa
Alegre
(32.6)

Chondrophycus
papillosus *

Acanthophora
spicifera *

Gracilaria
damaecornis *

H ypnea spinella * * *
Gracilaria

blodgetti *
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T he averaged v a lu es  of sim ilarity  a re  low (see 
v a lu es  in  p a re n th e s is  in  Table 3), reflecting th e  
variab ility  w ith in  each  s ta tio n , derived from m o n th  
pooling. T he an a ly sis  of co n trib u tio n s  to 
sim ilarities  w ith in  m o n th s  (all s ta tio n s  pooled) 
show s a  single spec ies (H ypnea spinella) a s  m ajor 
co n trib u to r. T h is in d ica te s  th a t  H. spinella  is  th e  
u n iq u e  specie in  th e  s tu d y  th a t  do n o t h a s  m ark ed  
ch an g e  in  b io m ass along sam pled  m o n th s.

DISCUSSION

M ost of m acroalgae rep resen ta tiv e  g en e ra  found  in 
th is  s tu d y  are  o p p o rtu n is tic  coarse  form s a s
H ypnea, Acanthophora, Gracilaria, Ulva, 
Enterom orpha, Cladophora, Ectocarpus, d istinctive 
of co asta l a re a s  w ith  env ironm en ta l d is tu rb an ces , 
su c h  a s  ch an g es in  th e  n u tr ie n ts  a n d  salin ity  
co n cen tra tio n , b o th  observed in  C ienfuegos Bay 
du e  to  sea so n a l in fluence (Seisdedo an d  M uñoz, 
2005). T h e  g e n u s  H y p n e a , e sp ec ia lly  H. m u sc ifo rm is  
a n d  A c a n th o p h o ra  h a s  d is p la c e d  to  th e  n a tiv e  sp e c ie s  in  
O h a u  B ay , H aw ai. In  th is  b ay , H. m u sc ifo rm is  fo rm s 
e n o rm o u s  ta n g le d  m a s s e s  o n  d e a d  ree fs  a n d  is

c o n s id e re d  th e  m o s t d is ru p tiv e  a m o n g  th e  in tro d u c e d  
sp e c ie s ; A c a n th o p h o ra  sp ic ife ra  is  th e  sp e c ie s  o f m o re  
p ro life ra tio n  a n d  c o n s t i tu te s  a  s e r io u s  p ro b le m  in  th is  
b a y  (R u sse ll, 1992). In  C h in a , A. sp ic ifera  is  c o n s id e re d  
in v as iv e  sp ec ie  o n  m a c ro a lg a l c u l tu r e s  (Trono, 1981).

G racilaria  g e n u s  is  a b le  to  r e s is t  c h a n g e s  of s a lin ity  a n d  
te m p e ra tu re ,  h ig h  c o n c e n tra t io n s  o f n u tr ie n t s  a n d  th e  
b u rro w in g  by  s i l ta t io n  o f s u s p e n d e d  p a r t ic le s  (L apo in te , 
1 989 ; S a n te l ic e s  a n d  D oty , 1 989 ; P eck o l a n d  R ivers , 
1 996 ; D e C a s a b ia n c a  e t al, 1997). D u rin g  th e  p re s e n t  
s tu d y , G racilaria  sp p . w a s  m o s t a b u n d a n t  a t  tw o 
s ta t io n s  o f n o r th  lo b u le  (J u n c o  S u r  a n d  P rác tico s) o f th e  
b ay , w h ic h  is th e  m o s t a ffec ted  by  s i l ta t io n  (A lonso e t a í ,  
20 0 1 ) a n d  by th e  sew ag e  d ra in a g e s  from  C ien fu eg o s  
City.

M acro a lg a l b io m a ss  a n d  d iv e rs ity  w a s  low er in  P lay a  
A legre s ta tio n , th i s  c o u ld  b e  re la te d  to  p re d o m in a n c e  of 
s a n d y -m u d d y  s u b s t r a te  in  th i s  s ta tio n . T h e  s e a g ra s s  
H a lo d u le  w righ tii A sc h e rso n  w a s  th e  d o m in a n t 
su b m e rg e d  m a c ro p h y te  in  th i s  s ta tio n . H. w righ tii is  a  
p io n e e r in g  sp ec ie , ty p ic a l o f so f t b o tto m s , w h ic h  o c c u rs  
u n d e r  d is tu rb a n c e  c o n d it io n s  (Z iem an  e t a í ,  1989; 
H e m m in g a  a n d  D u a r te , 2 0 0 0 ). T h e  p re s e n c e  o f H.
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wrightii in s tead  of T halassia  te s tu d in u m  B an k s  ex 
König could  be due  to th e  ability  of H. wrightii to 
colonize an d  in h a b it a re a s  w ith  extrem e ra n g es  in 
ab iotic variab les su ch  a s  salin ity , w hich  h a s  
sea so n a l in fluence in  th is  bay  (Seisdedo y  M uñoz, 
2005). Also, th e  deposition  of sed im en ts  h a s  been  
in creased , p rincipally  in  th e  n o rth  lobule in  th e  
la s t y ea rs  (Alonso e t al., 2001), m ak in g  favourable 
th e  se ttlem en t of th e  rh izoph itic  H. wrightii. 
M acroalgal b io m ass  w a s  d om inated  in  th is  s ta tio n  
by spec ies of a  free-drifting  m ode of life, grow ing on 
H. wrightii, a s  H yp n ea  spinella, Ectocarpus sp. an d  
C haetom orpha minima.

M acroalgal b io m ass  w a s  h ig h er a t J u n c o  S u r an d  
La Milpa, two s ta tio n s  w ith  d ifferent 
ch a rac te ris tic s . Ju n c o  S u r exhib ited  th e  low est 
d iversity  an d  La M ilpa th e  h ighest. The to le ran t 
spec ies H yp n ea  sp inella  an d  Gracilaria blodgettii 
w ere d o m in an t spec ies in  J u n c o  S u r s ta tio n ; th is  
behav iou r could  be d u e  to  th e  in fluence of th e  
in d irec t im pact of u rb a n  sew age from Las 
C alabazas creek. La Milpa, th e  m ost diverse sta tio n  
located  n ea r to  ad jacen t w a te rs  of th e  bay, 
exhibited  relative oceanic conditions; th is  is  
su p p o rted  by  th e  relative a b u n d a n ce  of 
oligotrophic C hondrophycus papillosus, p re sen t 
only in  th is  s ta tio n , w hich  h a s  m ore disponibility  
of rocky su b s tra tu m ; sim ilar re s u lts  w ere recorded  
by C ab re ra  e t al., (2005) com paring  th e  contro l site 
w ith  a re a s  m ark ed  by n u tr ie n ts  en rich m en t an d  
lack  of s u b s tra te  for fixing in  N uevitas Bay.

T here w as  an  o u ts tan d in g  seaso n a l change in  th e  
m acroalgal b io m ass p eak  th a t  is  asso c ia ted  w ith  a  
change in  th e  d o m in an t specie in  th e  sam pling  
s ta tio n s . In La M ilpa s ta tio n , m acroalgal b iom ass 
w as  h igher in  F ebruary , re su ltin g  in  an  overgrow th 
of th e  o p p o rtu n is tic  green m acroalgae Cladophora 
glomerata. O ther m acroalgae a s  Acanthophora  
spicifera, C hondrophycus papillosus, a n d  Ulva 
fa sc ia ta , w ere also  ab u n d a n t. T h is  d istinctive 
seaso n a l p a tte rn  in  m acroalgal b io m ass  p ea k  in  La 
M ilpa s ta tio n  is  co n s is ten t w ith  p rev ious s tu d ie s  of 
green m acroalgal b iom ass. M artins e t al (2001) 
recorded  th a t  b io m ass  of filam en to u s green 
m acroalgae Enterom orpha  sp. in c reased  in  an  
e s tu a ry  d u rin g  w in ter or dry  season . D uring  ra iny  
seaso n , w hen  seasonally  m axim um  n u tr ie n t in p u t 
occurs, b io m ass  decline b ec au se  off th e  light 
extinction  coefficient is  in c reased  by h igh  tu rb id ity  
of th e  w ate r co lum n, th u s  co n trib u tin g  to  decrease  
th e  am o u n t of light available for p h o to sy n th esis , 
th e  in p u t of fresh  w ate r to th e  system  also 
co n trib u tes  to N -enrichm ent of w a te r an d  in crease  
N: P ra tio s  a n d  th is  su g g est th a t  p rim ary

prod u c tio n  is  P-lim ited (Valiela, 1995). In co n tra s t 
to  th is  observation , th e  m acroalgal b io m ass in  th e  
n o rth  lobule in creased  d u rin g  su m m er (rainy 
period), w hen  th e re  is  a  m axim um  in p u t of 
n u tr ie n ts . As it w as  m en tio n ed  above, b io m ass 
p eak  in  th e se  s ta tio n s  co rresponded  to 
o p p o rtu n is tic  rh o d o p h y tes  a s  H yp n ea  sp inella  an d  
Gracilaria spp . A dditionally, th e re  w a s  no  s tro n g  
evidence of m assive bloom  of filam en to u s 
m acroalgae in  th e  bay  a s  o ccu rs  in  m any  
eu troph ized  b ay s a n d  lagoons (Peckol an d  Rivers, 
1996; V aliela e t a l ,  1997).

T he p eak  of b io m ass  a t La M ilpa s ta tio n  could  be 
asso c ia ted  to  th e  hydrodynam ic ch a rac te ris tic s  of 
th e  bay, p articu la rly  th e  circu la tion  p a tte rn  an d  
th e  h y d rau lic  residence  tim e. It is  know n th a t  th e  
p a tte rn  of c ircu la tion  of w a te rs  in  th e  so u th  lobule 
m ak es  m ove counterclockw ise carry ing  th e  in terio r 
w a te rs  tow ard  th e  exit ch an n el. It is  also know n 
th a t  th e  h y d rau lic  tim e of res id en ce  in  th e  Bay of 
C ienfuegos re ach e s  approxim ately  30 d ay s in  th e  
w in ter s ta tio n  (November-April), an d  bo th  
ch a rac te ris tic s  can  explain  th e  tra n s p o r t  of 
n u tr ie n ts  from J u n c o  S u r to  La M ilpa s ta tio n  an d  
th e  p eak  of b io m ass reg istered  in  th is  s ta tio n .

It is  in te re stin g  to  no te  th a t  th e  b io m ass  of 
agarophy te  Gracilaria blodgettii show ed an  overall 
decline in  P rácticos s ta tio n  (north  lobule) a s  
com pared  to  th e  re su lts  of León e t al. (2002) in  th e  
9 0 ’s. G. blodgettii w as  d isp laced  by G. dam aecornis  
an d  by th e  invasive H yp n ea  spinella. C losure of a  
Fertilizer Factory, located  in  th e  n o rth  lobule could  
be asso c ia ted  w ith  th e  red u ctio n  of NH4+ in th e  
bay  (Fig 6) an d  w ith  th e  decline of G. blodgettii in 
th is  s ta tio n . E xperim en ts com paring  th e  
effectiveness of am m o n ia  versus  o th er n u tr ie n ts  on 
b io m ass  p ro d u c tio n  of Gracilaria spp. have show n 
th a t  th is  g e n u s  re sp o n d s  m ore strongly  to 
am m o n ia  th a n  n itra te  an d  p h o sp h o ro u s  (Glenn et 
a l ,  1999).

CONCLUSIONS

■ M acroalgal b io m ass of C ienfuegos Bay is  
dom inated  by o p p o rtu n is tic  coarse  form s, typical 
of d is tu rb ed  a reas , su c h  a s  H yp n ea  spinella, 
A canthophora spicifera  a n d  Gracilaria blodgettii.

■ M uch of sp a tia l-tem p o ra l varia tion  in  th e  
b io m ass  of m acroalgae w as  re la ted  to 
ch a rac te ris tic s  of su b s tra tu m , clim atic v a ria tio n s 
or sea so n a l influence, hydrodynam ic c h a ra c 
te ris tic s  of th e  bay  a n d  th e  effect of po llu ted  
h ab ita ts .
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■ The p rincipa l agarophy te  of th e  bay  Gracilaria 
blodgettii show ed an  overall decline, th is  could  be 
explained  to th e  red u c tio n  of NH4+ in th e  
eco sy stem .
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