


BLUE-GREEN ALGAE (CYANOBACTERIA) OF 
E OCEANIC COAST OF ALDABRA 

by B.A. whitton' and M. ~ o t t s ~  

ABSTRACT 

An account i s  given of the  blue-green algae of the  oceanic coas t  
of Aldabra, from the  s u p r a l i t t o r a l  t o  the  s u b l i t t o r a l  a t  40 m depth. 
These algae a r e  most conspicuous i n  the  s u p r a l i t t o r a l  and upper 
l i t t o r a l .  Here they form an almost complete cover on rocks, usual ly  
with both e p i l i t h i c  and endo l i th ic  l a y e r s ,  and on beachrock sometimes 
a l s o  a d i s t i n c t  chasmolithic l aye r  some 3 t o  5 mrn i n s ide  the  rock. 
Lower i n  the  i n t e r t i d a l  t h e i r  d i s t r i b u t i o n  i s  patchy, though sometimes 
the re  occur v i s u a l l y  conspicuous f i lms of various Osci l la tor iaceae  o r  
N o d u l a r i a  on sediments o r  t i n y  colonies  of C a l o t h r i x  c r u s t a c e a  on rocks. 
Of a l l  regions on the  a t o l l  with a dense photosynthet ic  cover, the  
uppermost 15 m of the  s u b l i t t o r a l  probably has the  fewest obvious 
growths of blue-green a lgae ,  but  these  become more frequent  a t  g r e a t e r  
depths.  Conspicuous blue-green a l g a l  populat ions below 15 m a r e  a l l  
dominated by forms of L y n g b y a .  A t  one s i t e ,  a t  a depth of 4 0  m ,  t h e r e  
occurred branched tubular  s t r u c t u r e s  made up of f i laments  of L. s o r d i d a ,  
and c lose ly  associa ted  with shrimps which apparently l i v e  ins ide  the  
tubes ,  Although a s imi la r  associa t ion  has been noted elsewhere i n  
shallow t r o p i c a l  waters,  t h i s  i s  the  f i r s t  record f o r  deep waters.  

Observations made during the  Phase V I  Royal Society expedit ion t o  
Aldabra Ato l l ,  Indian Ocean, showed t h a t  blue-green algae (Cyanobacteria) 
a r e  widespread and o f t en  very abundant. It was the re fo re  decided t o  
attempt t o  produce a comprehensive account of the  types and r o l e s  of 
these  organisms. Descript ions have s ince  been made of these  algae i n  
t e r r e s t r i a l  and freshwater environments (Whitton, 1971; Donaldson & 

Whitton, 1977) and the  i n t e r t i d a l  region of the  lagoon ( P o t t s  8 Whitton, 
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i n  p r e s s ) .  There has not  so f a r  been an opportunity t o  make a 
systematic study on the  outs ide  of the  a t o l l ,  bu t  many sca t t e red  
observations have been included a t  the  same time a s  o the r  s tudies .  
They a r e  brought together  i n  the  p resen t  paper t o  he lp  complete t h e  
general  p i c t u r e  of blue-green a lgae  on t h i s  one a t o l l .  

There i s  now a considerable l i t e r a t u r e  on Aldabra. The volume 
ed i t ed  by Westoll and Stoddart  (1971) includes accounts of the  shallow 
s u b l i t t o r a l  marine vegetat ion (Pr i ce ,  1971) and zonation of i n t e r t i d a l  
animals (Taylor, 1971). More recent  da ta  on geology a r e  given by 
Braithwaite e t  al. (1973), and Braithwaite (1975), cl imate by Stoddar t  
and Mole (1977) and i n t e r t i d a l  animals by Hughes and Gamble (1977). 
Trudgi l l  (1976) and Taylor and Way (1976) dea l  with aspects  of marine 
erosion,  including some comments on the  r o l e  of endo l i th ic  a lgae .  Data 
on pH and Eh given by P o t t s  and Whitton (1979a) include environments on 
the  oceanic coas t ,  while P o t t s  and Whitton ( i n  p ress )  describe a pink 
endo l i th ic  prokaryote i n  the  s u p r a l i t t o r a l  of an oceanic c l i f f .  These 
authors a l s o  review the  marine l i t e r a t u r e .  

METHODS 

In te rp re ta t ion  of zones on shore 

The use of zonal terminology proved d i f f i c u l t ,  because many 
observations were made on s ing le  v i s i t s  a t  a p a r t i c u l a r  time. Taylor 
(1971) used the  terminology of Lewis (1964), with l i t t o r a l  f r i n g e ,  
e u l i t t o r a l  and s u b l i t t o r a l  zones. P o t t s  and Whitton ( i n  p ress )  
followed Womersley and Edmonds (1952) when descr ib ing the  d i s t r i b u t i o n  
of blue-green a lgae  i n  the  lagoon, with a s u p r a l i t t o r a l ,  upper, mid and 
lower l i t t o r a l  and s u b l i t t o r a l .  In  the  p resen t  account we do no t  f e e l  
s u f f i c i e n t l y  confident  of our i n t e r p r e t a t i o n  of zonation t o  use one 
terminology and suggest the  equivalents  i n  o ther  systems. We use t h e  
terms s u p r a l i t t o r a l ,  upper l i t t o r a l  and s u b l i t t o r a l  where the  zones 
appear t o  be equivalent  t o  those described f o r  the  Lagoon; i n  s i t u a t i o n s  
where the re  i s  a d i s t i n c t  barnacle zone ( the  upper l i m i t  of the  
e u l i t t o r a l  i n  Lewiss s system) , reference i s  a l s o  made t o  t h i s .  

Dates and loca t ions  

Observations on the  blue-green algae of the  a t o l l  have been made 
during th ree  periods:  December 1968 -January 1969 by B.R.W,; 
November 1972 - June 1973 by B,A.W. ( p a r t )  and A.  Donaldson; November 
1974 -June 1975 by B.A.W, ( p a r t )  and M.P. Observations outs ide  the  
reef  r idge  i n  deeper waters were made only during the  f i r s t  v i s i t ,  on 
the  western end of the  nor th  coas t ;  ma te r i a l s  were co l l ec ted  down t o  
40 m using SCUBA (d iv ing) .  Detai led observations on endol i ths  i n  the  
s u p r a l i t t o r a l  and upper l i t t o r a l  were made only during the  t h i r d  period.  
Brief general  observations were included on the  oceanic coas t  opposi te  
the  loca t ions  of the  13 t r a n s e c t s  s tudied i n  the  lagoon ( P o t t s  & 

Whitton, i n  p r e s s ) .  V i s i t s  were made a l s o  t o  the  only area  of mangrove 
f o r e s t  outs ide  the  lagoon (Au Parc) and the  most exposed c o a s t ,  t he  
eas te rn  extremity of Point  Houdoul. 



Naming of blue-green algae 

The methods used here f o r  naming blue-green a lgae  a r e  t h e  same a s  
those described i n  d e t a i l  by P o t t s  and Whitton ( i n  p r e s s ) .  They 
involve the  c l a s s i c a l  botanica l  approaches t o  a l l o c a t i n g  binomials by 
authors  such a s  ~ r e m ~  (1933) and l e  Campion-Alsumard (1969), with one 
important modification. Where species  have been del imited i n  t h e  p a s t  
almost e n t i r e l y  on r a t h e r  a r b i t r a r y  s i z e  ranges, t h e  records made here 
a r e  based on standardized ranges e.g. c e l l s  > 2 < 4 pm, > 4 < 8 pm 
wide e t c .  In  the  f l o r i s t i c  l i s t ,  records a r e  given f i r s t  f o r  t h e  
a c t u a l  ca tegor ies  used, and then the  most appropriate binomial added. 

RESULTS 

Rocks i n  the  s u p r a l i t t o r a l  and upper l i t t o r a l  

Blue-green a lgae  a r e  present  on almost a l l  rock surfaces  i n  t h e  
s u p r a l i t t o r a l  and the  upper p a r t  of the  l i t t o r a l ,  The nearer  a t r u e  
t e r r e s t r i a l  environment, the  more frequent  i s  T o l y p o t h r i x  b y s s o i d e a ,  
t he  th inner  any continuous endol i th  l aye r  and the  more sca t t e red  any 
t r u e  chasmolithic growths. Below the  zone of T ,  b y s s o i d e a ,  but  above 
t h e  barnacle zone, the  surface of most rocks may appear s tee l -b lue ,  
grey o r  almost black.  The pa le r  colours  a r e  due t o  H y e l l a  b a l a n i ,  
which grows both a t  the  surface and endo l i th ica l ly .  A b r i g h t  green 
l a y e r  of chasmoliths i s  sometimes present ,  composed of forms resembling 
P l e u r o c a p s a .  In  the  same zone (below T o l y p o t h r i x  b y s s o i d e a  and above 
barnacles)  Scytonema sp. forms small olive-green t u f t s  i n  depressions 
i n  the  champignon; it was found a t  every locat ion  s tudied ,  usual ly  
with many epiphytes e.9. Xenococcus  spp.,  Dermocarpa spp. S l i g h t l y  
lower down the  shore C a l o t h r i x  and R i v u l a r i a  a r e  widespread on the  nor th  
coas t ,  and I s a c t i s  and R i v u l a r i a  on the  south coas t .  

Areas of beachrock on f l e  Picard (near  the  se t t lement)  were s tudied  
more in tens ive ly ,  The rock i s  smooth, rounded and s lopes  towards the  
sea a t  an angle of about 10-15°, I t  has a blue-grey colour due t o  
H y e l l a  b a l a n i ,  and when f rac tu red ,  a chasmolithic l aye r  about 2 mm t h i c k  
i s  v i s i b l e  a t  a depth of about 3-5 nun, Ce l l s  resembling Pleurocapsa  
and. fungal hyphae a r e  a l s o  p resen t ,  In small cracks and c rev ices  
s l i g h t l y  f u r t h e r  down the  shore, b u t  s t i l l  holding water a f t e r  che r i d e  
has receded, accumulated sand supports t h i n  f i lms of Lynqbya m a r t e n s i a n a  
and S c h i z o t h r i x  c a l c i c o l a ,  with some N o d u l a r i a  h a r v e y a n a .  On passing 
down the  shore from the  blue-grey rocks, the  colour changes t o  brown a t  
about the  l e v e l  t h a t  barnacles appear. The brown colour i s  due t o  t h e  
sheaths of C a l o t h r i x  c r u s t a c e a  and C .  c o n t a r e n i i ,  which form a t h i n  
e p i l i t h i c  l aye r  over H y e l l a  b a l a n i .  

After  a period of p a r t i c u l a r l y  high t i d e s  and stormy seas ,  an 
extens ive  area  of s u p r a l i t t o r a l  beachrock became exposed due t o  t h e  
removal of sand depos i t s  severa l  metres th ick  which had been p resen t  
f o r  a t  l e a s t  s i x  months (and probably longer ) .  The newly exposed rock 
appeared pa le  yellow, lacking the  c h a r a c t e r i s t i c  s tee l -b lue  colour of 
adjacent  rocks. Examination of the  surface of the  beachrock showed 
no obvious blue-green a l g a l  communities. Patches of pa le  blue were 



j u s t  discernable a f t e r  5 days, while t h e  whole rock had l i g h t  s tee l -b lue  
colour within 2 weeks. Visually the  rock was indis t inguishable  from 
other  rocks a f t e r  5 weeks, but  t h e  green chasmolithic l aye r  had not  y e t  
appeared. 

Several species  were recorded only i n  p a r t i c u l a r  p a r t s  of the  a t o l l ,  
although t h i s  may well be simply a consequence of i n s u f f i c i e n t  sampling 
elsewhere. Scytonema e n d o l i t h i c u m  grows i n  the  upper s u p r a l i t t o r a l  of 
i l e  Picard.  The c lose ly  appressed f i laments  bore a s  much a s  1200 pm 
i n t o  the  rock; the  c e l l s  a r e  b r i g h t  blue-green and the  sheaths yellow- 
brown. When chips  of rock with t h i s  a lga  were placed on agar (high 
CaC03 - seawater medium), f i laments  a l s o  developed above the  surface ,  
growing v e r t i c a l l y ,  i n  small t u f t s ,  and reaching heights  of 1000 - 
2000 um.  A t  Dune dlMesse, inspect ion  of black rocks showed t h a t  
l i chens  a r e  f requent  higher up, while the  endo l i ths  B r a c h y t r i c h i a  sp. 
and S o l e n t i a  s t r a t o s a  become more frequent  lower down. A zone of 
l i g h t e r  coloured rocks below these  black rocks showed M a s t i g o c o l e u s  
t e s t a r u m  t o  be the  dominant endol i th  here.  Rocks elsewhere on the  
south coas t  ( e . g .  Dune Jean Louis) showed a s imi la r  v e r t i c a l  colour 
zonation, with a blue-black zone above a p a l e r  one. B r a c h y t r i c h i a  sp . ,  
S o l e n t i a  s t r a t o s a  and M a s t i g o c o l e u s  t e s t a r u m ,  but  apparently no t  
Scytonema e n d o l i t h i c u m ,  a r e  a l l  widespread on c l i f f s  of the  lagoon shore,  

Reef-f lat  and reef - r idae  on i l e  Picard 

In  general  it appears t h a t  the  longer rocks a r e  covered by water 
each t i d a l  cycle ,  the  l e s s  conspicuous a r e  the  blue-green a lgae;  
however small a reas  of Lynqbya o r  colonies of C a l o t h r i x  c r u s t a c e a  a r e  
no t  uncommon both i n  the  area  of the  r e e f - f l a t  and on the  reef - r idge .  
Occasional patches of blue-green algae occur on the  sediments between 
the  shore and reef- r idge  on i l e  Picard.  These cons i s t  usual ly  e i t h e r  
of N o d u l a r i a  o r  mixed populat ions of Lynqbya and o the r  Osc i l l a to r i aceae .  
Blue-green a l g a l  patches a r e  apparently most frequent  on sediments near  
the  research s t a t i o n ,  i n  the  same region t h a t  pink coloura t ions  due t o  
phototrophic b a c t e r i a  occur a t  some spriny t i d e s  ( P o t t s  & Whitton, 
1979b; i n  p r e s s ) .  The Osci l la tor iaceae  here include S p i r u l i n a .  

S u b l i t t o r a l  

Visual ly  obvious growths of blue-green algae a r e  only occasional ,  
o r  even r a r e ,  i n  the  upper 10 m ,  but  become s l i g h t l y  more frequent  a t  
g rea te r  depths (down t o  45 m ,  t he  maximum depth surveyed). The g r e a t  
majori ty of samples c o n s i s t  l a r g e l y  o r  e n t i r e l y  of Lynqbya,  a p a r t  from 
the  endol i th  Plec tonema t e r e b r a n s  and occasional  epiphytes,  but  
C a l o t h r i x  f i lms  a l s o  accur i n  the  upper 10 m. Lyngbya trichomes show 
a wide range of widths, from about 5 t o  40 pm, with no easy separa t ion  
i n t o  d i s t i n c t  species ,  though many f a l l  i n t o  the  s i z e  range of L .  
s o r d i d a  (14 - 31 pm) . Conspicuous growths of the  broadest forms 
( L .  m a j u s c u l a )  were found only down t o  2 0  m. Trichomes range i n  colour 
from green through o l i v e  t o  pink. Down t o  about 20 m examples occur of 
a l l  colours,  bu t  by 40 m a l l  a r e  pink. Some of the  b e s t  developed 
growths of L .  s o r d i d a  a t  40 m were found t o  cover the  surface of a 
sponge, i t s e l f  red i n  colour (when viewed i n  d a y l i g h t ) .  A p a r t i c u l a r l y  



n 

i n t e res t ing  populat ion of L. s o r d i d a  was found a t  t h i s  depth o f f  I l e  
Malabar, not  f a r  from Passe Gionnet. The a lga  formed branched 
s t r u c t u r e s  a t tached a t  various po in t s  t o  dead c o r a l  and a dead clam; 
i n  a t  l e a s t  some cases  the  a lga  formed d i s t i n c t  tubes.  This population 
was c lose ly  associa ted  with severa l  shrimps, which apparently l i v e  
i n s i d e  the  a lga  s t r u c t u r e .  

LIST OF SPECIES 

Durham 
computer 
number 

Category used f o r  records 
Equivalent binomial, 
where appl icable  

B r a c h y t r i c h i a  sp. 
C a l o t h r i x  c o n t a r e n i i  Bornet e t  

Flahaul t 
C .  c r u s t a c e a  Thuret 
Chroococcus ,  > 8 I 16 v m ,  sheath C. t u r i c e n s i s  (NZgeli) 

not  s t r i a t e d  Hansgirg 
C a l m a t e l l a  b u a e n s i s  ~ r c e ~ o v i b  
Dermocarpa l e i b l e i n i a e  (Reinsch) 

Bornet e t  Thuret 
D .  o l i v a c e a  (Reinsch) Tilden 
D .  s p h a e r i c a  Se tche l l  e t  Gardner 
D .  minima G e i t l e r  
Dermocarpa sp  . 
Entoph  y s a l i s  q r a n u l o s a  Kiitz . 
Horma thonema v i o l a c e o - n i  qrum 

~ r c e g o v i 6  
H y e l l a  b a l a n i  Lehmann 
H .  t e n u i o r  ~ r c e ~ o v i 6  
I s a c t i s  sp. 
Lynqbya c o n f e r v o i d e s  Ag , 
L .  d i g u e t i  Gomont 
L ,  e p i p h y t i c a  Bieronpus  
*La m a r t e n s i a n a  Menegh. ex Gomont 
L, n o r g a r d i i  Wille 
L, m a j u s c u l a  Harvey 
L, s o r d j d a  (Zanard.) Gom, 
M a s t i g o c o l e u s  t e s t a r u m  Lagerhelm 
M i c r o c o l e u s  c h t h o n o p l a s t e s  

Thuret ex Gomont 
M i c r o c y s t i s  r e i n b o l d i i  (Richter)  

F o r t i  
N o d u l a r i a  h a r v e  yana Thuret 
N .  s p u r n i q e r i a  Mertens 
Plec tonema t e r e b r a n s  Bornet e t  

F lahaul t  
Pleurocapsa  > 4 5 8 urn P .  f u l i g i n o s a  Hauck 
Pleurocapsa  > 8 I 16 u m  P .  c r e p i d i n u m  Col l ins  
Pleurocapsa  > 16 urn 
Pseudanabaena c a t e n a t a  Lauterborn 



Durham Equivalent binomial, 
computer Category used f o r  records where appl icable  
number 

Scytonema sp  . 

Rivular ia  sp. D 
Schizothr ix  a renar i a  (Berk . ) Gomont 
S. ca lc i co la  (Ag.) Gomont 
Scytonema endolithicum ~ r c e g o v i e  
Scytonema > 16 pm 
So len t i a  s t r a t o s a  ~ r c e g o v i b  
Sp i ru l ina  subsalsa Oersted 
S. sub t i l i s s ima  Kiitz. 
To1 ypothrix byssoidea (Berk . ) 

Kirchner 
Trichodesmium erythraeum 

Ehrenberg ex Gomont 
T. t h i e b a u t i i  Gomont 
Xenococcus > 2 < 4 ym X. l aysanensis  

Lemmermann 
~enococcus  > 4 5 6 i.lm X. kerner i  Hansgirg 
~enococcus  > 6 I 8 pm X. schousboei Thuret 

*Lynqbya rnartensiana may perhaps be a mis iden t i f i ca t ion  of L ,  semiplena 
Ag. The l a t t e r ,  i n  c o n t r a s t  t o  the  former possesses a ca lyp t ra ;  
L. semiplena has been reported elsewhere from marine environments much 
more o f t en  than L .  rnartensiana, 

DISCUSSION 

Blue-green algae a r e  equal ly  abundant i n  the  s u p r a l i t t o r a l  of  
oceanic and lagoon shores of Aldabra, but  the re  i s  a marked c o n t r a s t  i n  
t h e i r  behaviour fu r the r  down the  shore. On the  oceanic s ide  they 
become l e s s  frequent  the  longer surfaces  a r e  covered by water during 
each t i d a l  cycle ;  t h i s  c o n t r a s t s  with the  lagoon where l a rge  a reas  of 
the lower l i t t o r a l  a r e  covered by mats of Microcoleus chthonoplastes 
( P o t t s  & Whitton, i n  press)  . 

O f  a l l  regions on the  a t o l l  with a dense photosyxthet ic  cover, the  
uppermost 15 n of the  s u b l i t t o r a l  probably has fewer obvious growths of 
blue-green a lgae  than any o t h e r ,  A s  ropes and buoys o f t e n  developed 
Lyngbya t u f t s  r ap id ly ,  it seems l i k e l y  t h a t  the  in tens ive  grazing by 
animals i s  the  main reason f o r  the  poor development of blue-green algae 
i n  the  upper p a r t  of the  c o r a l  zone. The importance of grazing by f i s h  
i n  suppressing a l g a l  growth on a shallow reef  has been documented i n  
some d e t a i l  f o r  Curaqao by Wanders (1977) and van den Hoek et  a l .  (1978). 
Too few observations have been made of the  s u b l i t t o r a l  i n  the  lagoon t o  
compare it with the  ocean. 

Deeper i n  the  ocean a t tached blue-green a lgae  become s l i g h t l y  more 
frequent ,  i n  some cases being c lose ly  associa ted  with a red sponge o r  
with shrimps. The l a t t e r  i s  apparently a s imi la r  associa t ion  t o  t h a t  
recorded by Cowles (1913) who summarized e a r l i e r  da ta ,  Taylor (1950) 
f o r  the  Marshall I s l ands  and Newhouse (1954) f o r  Raroia. The previous 



r eco rds  a r e  a l l  from shal low waters ,  b u t  otherwise t h e  p r e s e n t  
a s s o c i a t i o n  appears  very  s i m i l a r .  Cowles descr ibed  t h e  blue-green 
a l g a  a s  P l e c t o n e m a ,  b u t  Newhouse i d e n t i f i e d  h i s  m a t e r i a l  a s  L y n g b y a  
s o r d i d a ,  t h e  same spec i e s  a s  recognized f o r  Aldabra. 
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g r e a t e r  than 15 m was c a r r i e d  o u t  by D r  D . J .  Jones.  Prof S. ~ o l u b i 6  
provided use fu l  d i scuss ion  on i d e n t i f i c a t i o n  of endo l i t h s .  
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