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ABSTRACT: Between  1966 a n d  1978 SCUBA invest igat ions were carried out in  French Polynesia, 
the Red Sea, and  the  Car ibbean,  at depths  down to 70 m. Al though there are fewer coral species in 
the Car ibbean,  the  abundance  of Scleractinia in  deep-water  associations be low 20 m almost equals  
that  in the Indian and  Pacific Oceans.  The assemblages  of corals l iving there are descr ibed and  
defined as deep-water  coral associations. They are character ized by  large, f la t tened growth forms. 
Only 6 to 7 % of the species occur exclusively below 20 m. More than  90 % of the corals recorded in 
deep waters  also live in  shal low regions. Depth-re la ted i l luminat ion is not responsible  for dep th  
differentiations of coral associations, but  very likely, a complex of mechanica l  factors, such as 
hydrodynamic  conditions, substrate  conditions, sedimenta t ion  etc. However,  l ight  intensi ty deter- 
mines  the genera l  distr ibution of hermatypic  Scleractinia in  thei r  ba thymetr ic  range  as wel l  as the  
pla te l ike  shape  of coral colonies characterist ic for deep water  associations. Depend ing  on mechani -  
cal factors, Leptoseris, Montipora, Porites and Pachyseris dominate  as characterist ic genera  in  the 
Central  Pacific Ocean, Podabacia, Leptoseris, Pachyseris and Coscinarea in  the Red Sea, Agaricia 
and  Leptoseris in  the tropical wes te rn  Atlantic Ocean. 

I N T R O D U C T I O N  

C o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  p a i d  to s h a l l o w - w a t e r  co ra l  a s s o c i a t i o n s  s i n c e  t h e  

f i rs t  h a l f  of t h i s  c e n t u r y  ( D u e r d e n ,  1902; M a y e r ,  1918; U m b g r o v e ,  1939).  D e t a i l e d  

i n v e s t i g a t i o n s  a t  d e p t h s  d o w n  to  20  m b e c a m e  p o s s i b l e  o n l y  t h r o u g h  t h e  u s e  of a u t o n o -  

m o u s  d i v i n g  a p p a r a t u s .  S C U B A  d i v i n g  e n c o u n t e r s  l i m i t a t i o n s  a t  g r e a t e r  d e p t h s  d u e  to 

t e c h n i c a l ,  p h y s i o l o g i c a l  a n d  m e t h o d o l o g i c a l  p r o b l e m s ,  a n d  o n l y  f e w  s t u d i e s  h a v e  b e e n  

c o n d u c t e d  a t  d e p t h s  e x c e e d i n g  30 m (Roos, 1964; P i c h o n ,  1972, 1977; G o r e a u  & G o r e a u ,  

1973; G o r e a u  & L a n d ,  1974; K f f h l m a n n ,  1974a;  Bak ,  1977; S h e p p a r d ,  1980, 1981). 

S C U B A  t e c h n i q u e s  p r o v i d e  t h e  m o s t  d e t a i l e d  a n d  p r e c i s e  m e t h o d  for  i n v e s t i g a t i n g  

c o m p o s i t i o n  a n d  e c o l o g y  of d e e p - w a t e r  co ra l  a s s o c i a t i o n s .  

M E T H O D S  

S t e e p  s l o p e s  w i t h  r e l a t i v e l y  m o n o t o n o u s  s u r f a c e s  of co ra l  r ee f s  w e r e  c h o s e n  as  s t u d y  

s i t e s  i n  o r d e r  to  a v o i d  c o m p l i c a t i o n s  d u e  to b o t t o m  u n e v e n n e s s ,  T h e  i n v e s t i g a t i o n s  w e r e  

c a r r i e d  o u t  b e t w e e n  t h e  w a t e r  s u r f a c e  a n d  70 m d e p t h ,  e m p l o y i n g  s t a n d a r d  S C U B A  

t e c h n i q u e s .  

H e r m a t y p i c  co ra l s  w e r e  c o l l e c t e d  i n  o r d e r  to  f a c i l i t a t e  t a x o n o m i c  d e t e r m i n a t i o n .  
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Data on depth occurrence, l isted in  tables  without  references, were extracted from 
publ icat ions  by  Klunz inger  (1879), Quelch (1886), Gardiner  (1898, 1904, 1905), V a ugha n  
(1907, 1918), Mayer  (1918), Horst (1922), Matthai  (1924), Hoffmeister (1925), Thiel  (1932), 
Umbgrove (1940), Crossland (1952), Wells (1954, 1971, 1973), Goreau & Wells (1967), 
Cheval ier  (1971, 1975), Wijsman-Best  (1972, 1977), Yamazato (1972), Goreau & Goreau 
(1973), Scheer & Pillai  (1974), Pillai & Scheer (1976), Veron & Pichon (1976, 1979), 
Scatterday (1977), Veron, Pichon & Wijsman-Best  (1977), Faure & Pichon (1978), Rosen 
(1978), Wallace (1978), Dinesen  (1980), Zlatarski & Estalella (1982). Uncer ta in  data 
regard ing  m a x i m u m  depths (obtained by dredging) are represented  in  the form of dotted 
lines. Only  definite values  based  on own visual  observat ions have b e e n  expressed as 
straight lines. Values  t aken  from li terature are expressed by dashes in  Tables  4 a nd  5. 
Data on depth occurrence reported in  the l i terature could be complemented  in  71 cases. 

DEEP-WATER CORAL ASSOCIATIONS 

My results are presented  here from East to West, i.e. in  the order Pacific Ocean, Red 
Sea, western Atlant ic  Ocean. 

T a k a p o t o is a flat atoll covered by coconut palms. It be longs  to the Tuamotu  
Archipelago s i tuated 145o10 , W and  14°40 ' S. Its outer slopes fall sharply to a depth of 
more than  2500 m. Its lagoon measures  6 × 20 kin, a nd  is more than  30 m deep. The 
lagoon contains some patch reefs, ei ther isolated or a r ranged  in  groups. Takapoto is a 
purely  oceanic coral atoll, affected ne i ther  by  terr igenous nor by local an thropogenic  

Fig. 1. On the leeward slope, in calm waters (25-30 m deep), Synarea convexa with its large, 
flattened, deep-water shape is predominant. Takapoto Atoll, Tuamohls. (Photo: D, PI. H. Kfihlmann) 
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substances.  I have  s tudied both the windward  and leeward  sides of the outer  atoll  slopes 
and patch reefs in the lagoon. At first, the w indward  side slopes gradual ly  from the shore 

seawards,  then, at a dep th  of 20 to 25 m, s teeply  at an  ang le  of 60 °. The  l eeward  slope 

starts to fall at an ang le  of 50 to 90 ° from 12 to 15 m. Both slopes are charac ter ized  by 
good and comparab le  l ight  and vis ibi l i ty  conditions:  at a depth  of 20 m, visibi l i ty is 40 m; 

at 40 m, 20 m; at 50 m, 12 m; at 70 m, 5 m (Kiihlmann, 1970b). However ,  the pla te-  

shaped  colonies  of Synaraea and Leptoseris  dominate  on the l eeward  slope (Fig. 1), 

wh i l e  the w i n d w a r d  slope is domina ted  by Porites and Montipora colonies  wh ich  are 

f la t tened l ike sh ingles  (Fig~ 2). This  r emarkab le  difference wil l  be  discussed later. 

The wate r  in the lagoon differs from that in the open  ocean: it has a h igher  salinity, 

due  to h ighe r  evapora t ion  (Caspers, 1968, 1981; Hauti ,  pers. comm.); it is wind-pro tec ted  

and therefore  less in termixed;  it contains heavy  suspensions and is more turbid. Hence,  
except the 3 euryoecious species Acropora cf. vaHda, Pavona varians and Porites 
australiensis, all others occur either on the outer slopes or in the lagoon. There are also 
differences in the composition of the coral associations on the outer slopes: 16 species 
were found in both habitats; 7 species were found exclusively on the windward slope, 
and i0 exclusively on the leeward slope. Table 1 lists the composition of the Takapoto 
deep-water coral associations of the outer slopes leeward (Fig. i) and windward (Fig. 2) 
and of the patch reefs in the lagoon. 

M o o r e a lies in the vicinity of Tahiti. It is one of the Society Islands and is located 

Pig. 2. On the windward slope with its strong water movement a deep-water coral association grows 
at a depth of 25 m with flattened Porites austrafiensis, Montiloora verrilli and some branched 

Pocillopora verrucosa. Takapoto Atoll, Tuamotus. (Photo: D, H. H. Ktihlmann) 
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149°50 ' W a n d  17o30 ' S. Of  v o l c a n i c  o r ig in ,  it  con s i s t s  of a l a r g e  c r a t e r  w h o s e  n o r t h e r n  

p a r t  h a s  c o l l a p s e d  a n d  s u n k  b e n e a t h  t h e  w a t e r  su r f ace  (Cheva l i e r ,  1973). A l t h o u g h  it 

m e a s u r e s  o n l y  a b o u t  23 × 30 krn, t h e  p e a k  of i ts  j a g g e d  c r a t e r  c r o w n  is as  h i g h  as  

1212 m.  T h e  o c e a n  a r o u n d  t h e  i s l a n d  is  m o r e  t h a n  1500 m d e e p .  T h e  i s l a n d  is  e n c i r c l e d  

b y  a b a r r i e r  reef ,  t h e  s i d e s  of w h i c h  s l o p e  d o w n  m o r e  or l e s s  s t e e p l y  to 30 to 40 m,  

a b u t t i n g  on  a b o t t o m  c o v e r e d  w i t h  s a n d  a n d  deb r i s .  T h e  s t e e p  s l o p e  c o n t i n u e s  to  d e p t h s  

Table 1. Deep-water coral associations of the Takapoto Atoll, Tuamotus, Pacific; + = 20 to 40 m 
deep~ > -~ deeper  than 40 to 70 m 

Outer slope 
Species Windward Leeward Lagoon 

Porites australiensis Vaughan, 1918 
Leptastrea transversa Klunzinger, 1879 
Acropora cf. vafida (Dana, 1846) 
Astreopora myriophthalma (Lamarck, 1816) 
Pavona varians Verrill, 1864 
Pungia concirma Verrill, 1864 
IcIillepora platyphylla Ehrenberg,  1834 
Pocillopora elegans Dana, 1846 
Pocillopora verrucosa (Ellis et Solander, 1786) 
Montipora verrilli Vaughan, 1907 
Leptoseris incrustans (Quelch, 1886) 
Pavona clavus (Dana, 1846) 
Herpolitha limax (Esper, 1797) 
Porites lutea Edwards et Haime, 1851 
Favia stelligera (Dana, 1846) 
Acanthastrea echinata (Dana, 1846) 
Leptoseris mycetoseroides Wells, 1954 
Pachyseris speciosa (Dana, 1846) 
Petites fichen Dana, 1846 
Hchinopora cf. lamellosa (Esper, 1795) 
Echinophyllia aspera (Ellis et Solander, 1786) 
Leptoseris porosa (Quelch, 1886) 
Fungia cf. granulosa Klunzinger, 1879 
Pociltopora cf. solida Quelch, 1886 
Synaraea convexa Verrill, 1864 
Acropora dana1 (Edwards et Haime, 1860} 
Acropora nasuta (Dana, 1846} 
Acropora rambleri (Basset-Smith, 1890} 
Montlpora cf. tuberculosa (Lamarck, 1816) 
Gardlneroseris planulata {Dana, 1846) 
Leptoserls fragills Edwards et Haime, 1849 
Pavona maldivensis (Gardiner, 1905) 
Pungia paumotensis Stutchbttry, 1833 
Stylocoeniella guentheri Bassett-Smith, 1890 
Psammocora cf. contigua (Esper, 1797) 
Montipora verrucosa (Lamarck, 1816) 
Pavia speciosa (Dana, 1846) 
Leptastrea purlgurea (Dana, 1846) 
Platygyra daedalea (Ellis et Solander, 1786) 
Lobophyllia corymbosa (Forskal, 1775) 
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of more than  60 m where  passages  in front of r iver  mouths  cause  a break  in the barr ier  
reef. The steep slopes of the patch reefs in the lagoon reach  depths of 20 to 30 m. In the 
nor theas tern  corner  of the island, the barr ier  reef has b e c o m e  a f r inging reef (Chevalier ,  

1977). Coral  associat ions of the seaward  slope have  grown a long the nor thern barr ier  

reef which,  in its cen t ra l  part, is re la t ive ly  wel l  pro tec ted  from the wind, a l though it is 
exposed  to s t rong- to-moderate  currents. Currents  are stronger in the nor thwestern  and, 

in particular,  nor theas tern  waters.  The  slopes incl ine,  in many  different  ways, towards 

the sea at angles  of 5 to 35 ° forming reef  tongues.  Dominant  shrubby growth forms 

ex tend  far down. Typical  f la t tened  deep -wa te r  coral  associat ions become  - at first 

g radua l ly  then  increas ing ly  - i n t e rming led  with  sha l low-water  forms at 30 m. Terr igen-  

ous suspensions  from rivers and brooks as wel l  as increas ing  depths reduce  l ight  and 
visibility: it is 20 m at 20 m depth;  10 m at 40 m, and  5 m at 50 m. Corals at a depth  of 40 

to 50 m s tem from rubble  pla ins  of the sandy zone in front of the reef  which  have  a 

seaward  incl inat ion of 7 to 10 °. Of the 35 species occurr ing on the outer s lope of the 
barr ier  reef  at a depth  of 30 or 40 m, 15 species  also l ive in the rubble  zone of the fore 
reef. 

The  lagoon beh ind  the barr ier  reef  is in f luenced  by the sea en te r ing  it by several  

channels .  This is perhaps  the reason why  28 of a total of 43 species  l ive both on the outer  

s lope and in the lagoon.  The  3 species  found only on the patch reefs of the lagoon of 
Moorea  are Psammocora explanulata, P. nierstraszi and P. cf. obtusangula. Cons ider ing  

t h e  p resence  of P. cf. contigua in the  lagoon of Takapoto,  the  genus  Psammocora seems 
to be  par t icular ly  adap ted  to this habitat ;  if so, P. profundacella, which  I found only on 

the outer  s lope of Moorea,  is a b io logica l  except ion  to this rule. Table  2 lists the diversi ty 
of the deep -wa te r  coral associat ions be low  20 m in the open sea and in the lagoon of 

Moorea.  

W i n g a t e R e e f ,  37°18 ' E and 19o38 , N, is s i tuated 3 naut ica l  miles  northeast  of 

Port Sudan in the Red Sea and extends  about  8 krn in a nor theaster ly  direction. It follows 

the contours of the coast, north of Port Sudan. It is a harr ier  reef  wh ich  has grown on a 

mounta in  crest. Forming  severa l  terraces,  its outer  s lope incl ines  seawards  to depths  of 
more  than  700 m, and landwards  down  to 413 m. Its eas tbound outer  s lope at first falls to 

a depth  of 18 to 22 m in an  i r regular  fashion, then  cont inues fa l l ing s teeply  as a ver t ical  

or s l ight ly  ove rhang ing  rock wall .  An  ove rhang ing  l edge  at its bot tom is covered  wi th  
Gorgonacea  h a n g i n g  downwards.  At 30 to 35 m a slope wi th  an  incl inat ion of 60 ° extends  

into a depth  of 70 to 80 m, and then  aga in  fails vertically.  A sl ight  current  flows from 

north to south in accordance  with  the ma in  wind  direction. The water  is clear  and wel l  

i l lumina ted  due to an almost  constant ly cloudless sky. 

Whi le  the pe rpend icu la r  wal l  is only sparsely covered  with  corals, the steep slope 

undernea th  at first displays a much  denser  abundance ,  fo l lowed abrupt ly  by an area 

near ly  c lear  of corals from 50 m onward.  While  the sparse colonizat ion of the rock wal l  is 
due  to the ver t ical  or slightly, ove rhang ing  substrate, unsui tab le  for coral growth, the 

abrupt  reduct ion  in abundance  b e l o w  50 m is possibly due  to a gene ra l  reduct ion  of l ight  

intensi ty  to be low  the m i n i m u m  necessary,  accompan ied  by a the rmocl ine  at that  depth  
and a drop in wate r  t empera tu re  from 31 to 28 °C in August .  With 52 species  occurr ing 

be low 20 m, the diversi ty of species  is fairly h igh  (Table 3). One  of the two Stylophora 
species,  S t  mamillata, occurs at depths  b e t w e e n  20 and 40 m; the other, St. kuehlmanni,  
b e t w e e n  20 and 70 m. Both are typical  components  of local  deep-wa te r  coral  associa- 
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tions. However ,  in  genera],  the fo l iaceous  or d i sk - shaped  forms of Leptoseris ,  Cos- 
cinarea, M y c e d i u m ,  Pachyseris,  Pavona, Podabacia,  t~chinopora, t~chinophylIia and the 
crustose colonies  of Psammocora,  Montipora,  Porites, Pavia, Favi tes  and Leptastrea were  
dominant .  

Table 2. Deep-water coral associations of Moorea, Society Islands, Pacific 

Species Outer slope Pore reef Lagoon 
20-35 m 3 5 - 4 5  m 2 0 - 3 6  m 

Siylocoeniella guentheri Bassett-Smith, 1890 
Acropora granulosa (Edwards et Haime, 1860) 
Astreopora myriophthalma (Lamarck, 1816) 
Montipora composita Crossland, 1952 
Pavona varians Verrill, 1864 
Leptastrea purpurea (Dana, 1846) 
Montastrea curia (Dana, 1846) 
Acanthastrea echinata (Dana, 1846) 
Psammocora profundacella Gardiner, 1898 
Pocillopora cf. solida Quelch, 1886 
Pocillopora verrucosa (Ellis et Solander, 1786) 
Acropora cf. valida (Dana, 1846) 
Montipora verrucosa (Lamarck, 1816) 
Porites australiensis (Vaughan, 1918) 
Cyphastrea serailia (Porskal, 1775) 
Montipora cf. minuta Bernard, 1897 
Montipora cf. tuberculosa (Lamarck, 1816) 
Leptoseris incrustans (Ouelch, 1886) 
Leptoseris mycetoseroides Wells, 1954 
Pachyseris speciosa (Dana, 1846) 
Pavona maldivensis (Gardiner, 1905) 
Pungia concinna Verrill, 1864 
Pungia repanda Dana, 1846 
Herpolitha limax (Esper, 1797) 
Porites lutea Edwards et Haime, 1851 
Synaraea convexa Verrill, 1864 
Leptastrea transversa Klunzinger, 1879 
Acropora exilis (Brook, 1893) 
Acropora cf. variabilis (Klunzinger, 1879) 
Montipora verrilli Vaughan, 1907 
Gardineroseris planulata (Dana, 1846) 
Napopora irregularis Ouelch, 1886 
Synaraea irregularis Verrill, 1864 
Pavia stelligera (Dana, 1846) 
Lobophyllia costata (Dana, 1846) 
Psammocora explan ulata Horst, 1922 
Psammocora nierstraszi Horst, 1921 
Psammocora cf. obtusangula (Lamarck, 1816) 
Montipora erythraea Marenzeller, 1906 
Montipora cf. floweri Wells, 1954 
Montipora spumosa (Lamarck, 1816) 
Pungia paumotensis Stutchbury, 1933 
Echinophyllia aspera (Ellis et Solander, 1786) 
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T a b l e  3. D e e p - w a t e r  coral  a s s o c i a t i o n  of t h e  W i n g a t e  Reef  off Port  Sudan ,  Red  Sea  

Spec ie s  O u t e r  s t e e p  s lope  
20 -30  rn 30--40 m 40 -50  m 5 0 - 7 0  m 

Stylophora kuehlmanni Pillai  et  Scheer ,  1982 + + + 
Leptoseris explanata Y a b e  et  S u g i y a m a ,  1941 + + + 
Leptoseris mycetoseroides Wells ,  1954 + + + 
Coscinarea monile (Porskal,  1775) + + + 
Alveopora verrilliana Dana ,  1872 + + + 
Mycedium elephantotus (Pallas,  1766) + + + 
Psammocora profundacella Gard ine r ,  1898 + + + 
Acropora granulosa (Edwards  e t  H a i m e ,  1860) + + + 
Montipora meandrina (Ehrenbe rg ,  1834) + + + 
Montipora stilosa (Ehrenbe rg ,  1834) + + 4- 
Pachyseris speciosa (Dana,  1846) 4- 4- 4- 
Pavona yabei Pillai  et  Scheer ,  1976 4- 4- 4- 
Fungia fungites (Linn~, 1758) + 4- 4- 
Podabacia crustacea (Pallas,  1766) 4- 4- + 
Porites echinulata K l u n z i n g e r ,  1879 4- 4- 4- 
Porites lutea (Edwards  e t  H a i m e ,  1851) 4- 4- 4- 
Synaraea undulata K l u n z i n g e r ,  1879 4- 4- 4- 
Echinopora gemmacea (Lamarck ,  1816) 4- 4- 4- 
l~chinopora lamellosa (Esper,  1795) 4- 4- 4- 
Pavia pallida (Dana,  1846) 4- 4- 4- 
Favites abdita (Ellis et  So lander ,  1786) 4- 4- 4- 
Pavites complanata (Ehrenberg, 1834) 4- + 4- 
Stylophora danae Edwards et Haime, 1850 + + 
Sfylophora mamillata Pillai et Scheer, 1982 + + 
Gardineroseris planulata (Dana, 1846) 4- 4- 
Leptoseris fragilis Edwards et Haime, 1849 4- 4- 
Pavona varians Verrill, 1864 + + 
Fungia repanda Dana, 1846 + + 
Goniastrea pectinata (Ehrenberg, 1834) + + 
Galaxea cf. asLreata (Lamarck, 1816) + + 
Lobophyllia hemprichi (Ehrenberg, 1834) + + 
Dendrophyllia arbuscula Horst, 1922 4- + 
Sfy10coeniella guentheri Bassetf-Smith, 1890 + 
Psarnmocora explanulata Horst, 1922 4- 
Pocillopora damicomis (Linn~, 1758) + 
Seriatopora hystrix Dana, 1846 + 
ieptoseris scabra Vaughan, 1907 + 
Pavona cactus (Porskal, 1775) 4- 
Pavona maldivensis (Gardiner ,  1905) + 
Goniopora tenella (Quelch, 1886) + 
Galaxea fascicularis (linn4, 1767) + 
Echinophyllia aspera (Ellis et Solander, 1786) + 
Psammocora haimeana Edwards et Haime, 1851 + 4- 
Cyphastrea microphthalma (Lamarck, 1816) + + 
Pavia speciosa (Dana, 1846) + + 
Porites solida (Forskal, 1775) + 
1=avites pentagona (Esper, 1794) + 
Astreopora myriophthalma (Lamarck, 1816) 4- 
1=avites peresi Faure et Pichon, 1978 4- 
Leptastrea purpurea (Dana, 1846) + 
Plafygyra daedalea (Ellis et Solander, 1786) + 
Plerogyra sinuosa (Dana, 1846) 4- 

+ 
+ 
+ 
+ 
+ 
+ 
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S t. C r o i x ,  one  of t he  V i r g i n  Is lands,  is s i t ua t ed  64050 ' W a n d  17045 ' N. T h e  i s l and  

e x t e n d s  o v e r  an  a r e a  of a b o u t  15 x 30 km. Ly ing  s o u t h e a s t  of Puer to  Rico, t he  i s l a n d  
b e l o n g s  g e o l o g i c a l l y  to t he  G r e a t e r  Ant i l l es ,  g e o g r a p h i c a l l y  to t he  Lesse r  Ant i l l e s .  T h e r e  

are  s e v e r a l  reefs  n e a r  t h e  coast.  T h e  n o r t h - w e s t e r n  coas t  of St. Cro ix  first  s lopes  d o w n  to 

a d e p t h  of 10 m at an  a n g l e  of 5 to 10°; t h e n  at 30 to 40 ° to 20 m, a n d  at  70 to 80 ° to 50 m. 
B e l o w  that ,  c o v e r e d  w i t h  s p o n g e s  a n d  An t ipa tha r i a ,  t he  s ea  b o t t o m  s lopes  ve r t i c a l l y  to 

dep ths  of m o r e  t h a n  1000 m. T h e  w a t e r  is c l ea r  w i t h  f e w  suspens ions .  T h e  i n f l u e n c e  of 

the  A t l an t i c  swe l l  is c o n s i d e r a b l e ,  a n d  a s l igh t  cu r ren t  f lows  w e s t w a r d s  a l o n g  t h e  coast.  

T h e  d e e p - w a t e r  cora l  a s soc i a t i on  cover s  t h e  s t eep  s lope  b e t w e e n  25 a n d  50 m w i t h  an  

a b u n d a n c e  of 80 %. It cons is t s  of the  f o l l o w i n g  13 spec ies :  Stephanocoenia michelini, 
Agaricia agaricites, A. fragilis, A. grahamae, A. lamarcki, A. undata, Siderastrea siderea, 
Montastrea annularis, M. cavernosa, Mycetophyllia alicae, M. danaana, Scolymia 
lacera, Eusmilia fastigiata. The s lope  is d e n s e l y  c o v e r e d  w i t h  f l a t t e n e d  corals ,  pa r t i cu -  

la r ly  A. lamarcki a n d  t h e  d i s k - s h a p e d  e c o m o r p h o u s  A. agaricites f. purpurea as w e l l  as  a 
n u m b e r  of o ther  Agaricia spec i e s  (Table  5). T h e i r  forms r e s e m b l e  s h i n g l e s  or  p la tes .  

Montastrea annularis a n d  M. cavernosa are  m a i n l y  crusty,  a l t h o u g h  at  30 m a n d  b e l o w  

t h e y  fo rm th ick  p r o j e c t i n g  l ips  a n d  sh ing les .  Eusmilia fastigiata grows  in  recesses .  

C u b a ,  t he  l a rge s t  i s l a n d  of t he  Ant i l l e s ,  is s u r r o u n d e d  by  m a n y  cora l  reefs  a n d  

i s l and  cha ins  (Ki ih lmann,  1970a, 1974b). A d j a c e n t  to s e v e r a l  seas,  t he  sub l i t to ra l  r e g i o n  
is e x p o s e d  to va r i ous  h y d r o g r a p h i c  a n d  a t m o s p h e r i c  i n f l uences ,  such  as d i f f e ren t  

currents ,  w i n d s  a n d  r i ve r  m o u t h s  (Ki ih lmann,  1970b). S t e e p  w a l l s  f a l l i ng  to a d e p t h  of 

m o r e  t h a n  300 m occur  s p o r a d i c a l l y  n e a r  t he  s h o r e l i n e  of ce r t a in  bays .  S imi l a r  to t he  St. 

Cro ix  i n v e s t i g a t i o n  area ,  t he r e  is, on  the  w e s t  s ide  of t he  Bay  of M a t a n z a s  at 80040 , W a n d  

23 ° N,  a f r i n g i n g  r ee f  g r a d u a l l y  s l o p i n g  d o w n  f rom the  sho re  and  l e a d i n g  to a s t e e p  s l ope  
at a d e p t h  of 6 m wh ich ,  i n t e r s p e r s e d  by  a f e w  n a r r o w  steps,  c o n t i n u e s  at  an  a n g l e  of 60 to 

80 ° in to  t he  dep ths  (Kf ih lmann,  1974a). T h e  w a t e r  is c lear ,  e v e n  t h o u g h  the  h y d r o d y -  

n a m i c s  of this  p r o t e c t e d  l oca t i on  cause  a s l igh t  a n d  c o n t i n u o u s  s e d i m e n t a t i o n ,  as s h o w n  

by  f ine  silt  l ayers  c o v e r i n g  the  i r r e g u l a r  su r face  of t he  s t e e p  s lope .  60 % of t he  l a t t e r  w a s  

c o v e r e d  by  the  f o l l o w i n g  13 Sc l e r ac t i n i a :  Stephanocoenia michelini, Madracis formosa, 
Agaricia agaricites, A. fragilis, Leptoseris cucullata, Siderastrea siderea, Porites 
astreoides, Colpophyllia natans, Montastrea cavernosa, Meandrina meandrites, 
Mycetophyllia lamarckiana, Scolymia cubensis, Eusmilia fastigiata a n d  t h e  h y d r o c o r a l  

Stylaster roseus. B e l o w  1 2 m  the  c ru s t aceous  s h i n g l e -  a n d  d i s k - t y p e  forms a re  so 

d o m i n a n t  tha t  the  s l ope  looks  l i ke  a d e e p - w a t e r  cora l  assoc ia t ion .  

D I S C U S S I O N  

M o s t  of the  cora ls  b e l o n g i n g  to t he  d e e p - w a t e r  a s soc ia t ions  occu r  also in  s h a l l o w  

w a t e r s  at  dep ths  less  t h a n  5 m. T h e  g e n e r a l  b a t h y m e t r i c  r a n g e  of t h e  Indopac i f i c  spec i e s  

c o n s i d e r e d  h e r e  is l i s t ed  in  T a b l e  4; for C a r i b b e a n  spec i e s  consu l t  T a b l e  5 as w e l l  as  t he  

p u b i i c a t i o n s  of G o r e a u  & Wel l s  (1967) a n d  Wel l s  (1973). Al l  in  all,  s pec i e s  of h e r m a t y p i c  
corals  g r o w  in  so b r o a d  a d e p t h  b e l t  tha t  c h a n g e s  in  l i gh t  i n t e n s i t y  a n d  qua l i ty ,  

a s s o c i a t e d  w i t h  t he  s e l e c t i v e  a b s o r p t i o n  by  the  w a t e r s  (Scheer ,  1966; Je r lov ,  1968, 1970; 
Kf ih lmann ,  1970b; J a u b e r t  & Vasseur ,  1974), canno t  b e  r e g a r d e d  as t he  r e a s o n  for a 

d i f f e r e n t i a t e d  d e p t h  d i s t r i bu t ion  of m o s t  Sc l e r ac t i n i a  spec ies ,  as p o i n t e d  ou t  e l s e w h e r e  
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(Loya, 1972; Kiihlmann,  1980; Dinesen,  1982; Sheppard,  1982). Scatterday (1977) noted  
that "Many  species seem, on the basis  of observations made  in  only one or a few 
localities, to be  in  different depths elsewhere".  

Dustan (1979) demonstra ted for Montastrea annularis that zooxanthel lae  (Gym- 
nodinium microadriaticum) are in  a posit ion to photo-synthesize in  a wide range  of l ight  
in tensi t ies  and  spectral ranges.  His f indings  based  on invest igat ions carried out by 
Goreau & Wells (1967), expla in  why ind iv idua l  colonies of this coral species are able  to 
live in  depths r ang ing  from 0 to 95 m. Therefore, symbiotic algae of hermatypic  corals 
seem to be adapted  to a wide range  of l ight  intensi t ies;  their optimum, however,  is in  
subdued  underwate r  light. Falkowsky & Dubinski  (1981), inves t iga t ing  t ransplanted  
Stylophora pistillata, discovered that  shade-adap ted  indiv iduals  are able  to adapt  to well  
i l lumina ted  habi tats  after 4 to 8 weeks,  perhaps by  means  of l i gh t -dependen t  changes  in  
the size of the chloroplastids. Wethey  & Porter (1976) suggest, on the basis of experi- 
ments  with some species of ree fbu i ld ing  corals, "that g iven a part icular  l ight  regime, the 
algal  photosynthet ic  efficiency, relat ive to the max imum photosynthetic  rate, is i ndepen-  
dent  of the coral species which  the a lgae inhabi t" .  Exper iments  with ammonia  demon-  
strate that increase of calcification is associated with an  e levated rate of photosynthesis  
(Taylor, 1978). But subsatura t ion and  var iat ion of l ight  are compensa ted  by both 
endosymbiot ic  algae and  hermatypic  corals; p resumably  the invest igated Scleractinia 
are ma in ly  i n d e p e n d e n t  of the par t icular  env i ronmenta l  l ight  condit ions (Beyers, 1966; 
Barnes & Taylor, 1973; Roth, 1975; Chalker  & Taylor, 1978). For both Acropora cervicor- 
rds and  Gynmodinium microadriaticum maxima of calcification and  photosynthet ic  
capacity occurred at sunrise and  sunset,  but  d imin ished  in  constant  br ight  i l lumina t ion  
(Chalker, 1977). Ditlev (1978) po in ted  out that the zooxanthel lae  of Coeloseris mayeri 
migrate into deeper  t issue layers if exposed to high l ight  intensit ies.  Fricke & Vareschi 
(1982) observed special  organs in  Pleurogyra sinuosa full of zooxanthellae,  which can be 
erected or contracted according to the l ight  condit ions of the environment .  Lasker (1977, 
1981) suggests the existence of two morphs in  Montastrea cavernosa: a diurnal  one (with 
greater  zooxanthel lae  densities) and  a nocturnal  one - perhaps another  way of adapta-  
t ion to different l ight  quali t ies  and  quanti t ies.  Sti~venart (1975) also poin ted  out that 
there are two different ecological populat ions,  one at a depth of 9 m, the other at a depth 
of 30 m. Not all processes of l ight  adaptat ions  by  hermatypic  corals and, in  particular, by 
their zooxanthel lae  are clear, and  some of the re levant  invest igat ions came to conflicting 
conclusions (Chalker & Taylor, 1975). 

According to Sti6venart  (1975a, b) average amounts  of symbiotic algae and  the ratio 
of chlorophyll  c / chlorophyll  a in  Mycetophyllia lamarckiana decrease as depth 
increases.  In contrast, Zval insky et al. {1978) found in  "'Acropora'" from shallow waters, 
caves and  from depths of 30-40 m that, paral le l  with decreasing l ight  intensit ies,  the 
n u m b e r  of zooxanthel lae  and  s imul taneous ly  the content  of photosynthetic  p igments  
increase.  

All results presented  here lead to the assertion that hermatypic  coral species are 
genera l ly  l igh t -dependen t  because  of their symbiosis with zooxanthellae,  but  most of 
them can compensate  in  a different m a n n e r  for the daily and  local variat ions in  the 
quant i ty  of light, even  at greater  depths, a l though metabol i sm and  growth rates vary 
according to the degree of devia t ion from the opt imum (Strbmgren, 1976; Barnes & 
Crossland, 1978). Consequent ly ,  differing degrees of turbidi ty  reduce or extend the 
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average depth dis t r ibut ional  bel t  of hermatypic  corals as a whole, bu t  do not  inf luence  
the depth occurrence of the ind iv idua l  coral species. 

This is corroborated by  the occurrence of the Agaric i idae deep-water  association 
below 12 m at Matanzas,  whi le  it occurs be low 25 m off St. Croix. The water  is clear and  
wel l  i l lumina ted  in  both habitats,  but  the site of the Bay of Matanzas  is very much more 
protected (Kfihlmann, 1974a); thus, water  movement  is just  as reduced  here at a depth of 
12 m as off St. Croix at 25 m. Nor can light be  held  responsible  for the varying  
bathymetr ic  occurence of Ca r ibbean  deep-water  coral associations} it is more l ikely that 
different hydrodynamic  condit ions and  other control l ing factors exert  the decisive 
inf luence  (Kfihlmann, 1971). 

Individual  species have the same pat tern  of behaviour:  Napopora irregularis is not 
rare at a depth of 10 m on the outer slopes of Moorea, whi le  in  part icular ly clear a nd  
agi tated waters it is dominan t  at depths be tween  25 and  35 m. Yet this species is also 
found in  shallow lagoons at a depth of 1 m, if clear water  is cont inuously  dr iven over the 
reef edge and strongly agi tated by the t radewind.  The example  shows clearly that the 
species is i n d e p e n d e n t  of a certain l ight  qual i ty and  quanti ty.  It is impor tant  to keep in  
mind  that there is an  equa l  occurrence of most coral species in  deep and  shallow waters 
(Tables 4, 5), if hydrodynamica l  conditions,  substrate and  sed imenta t ion  are comparable  
(Kfihlmann, 1977, 1980). 

The si tuat ion is somewhat  different as regards the Takapoto deepwater  coral 
associations, which differ great ly in  terms of species composition. The outer slope on the 
windward  side is domina ted  by large Porites australiensis and  Synaraea convexa and  
Leptoseris incrustans, while  Platygyra daedalea and  Lobophyllia corymbosa are predo- 
minan t  on the steep slopes s i tuated in  the depths of the lagoon. Al though the latter occur 
unde r  the inf luence of a stronger sed imenta t ion  in  more turbid  water  and  the effects of 
lack of l ight cannot  therefore be excluded, the outer slopes on the windward  and  
leeward  sides still have the same clear water  with op t imum light conditions. Accord- 
ingly, this is another  case where  l ight  is not a factor affecting the depth of coral species. 
The deep-water  coral associations, nonetheless  typified by varying  dominan t  species, 
are dependen t  on the hydrodynamic  condit ions which differ great ly in  the two habitats.  
The windward  shore is u n d e r  the strong inf luence  of the t radewind,  bu t  the leeward  
shore is sheltered. 

Hence  the term "deep-water  corals" must  not be  associated with the l ight  factor, and  
changes  in  l ight in tens i ty  do not result  necessar i ly  in  changes  of species composition, as 
has b e e n  suggested in  the past  (Jaubert & Vasseur, 1973; Mergner  & Scheer, 1974), 
because  most species live in  both shallow and  deep waters. On the noxious effects of UV 
radiat ion Siebeck (1981) concluded:  "Consider ing  the highly  vertical  UV gradients  due 
to the exponent ia l  drop in  radiation,  it is obvious that ul traviolet  l ight  is impor tant  not 
only for the presence  or absence  of the various species of organisms, but  also for their  
vertical dis t r ibut ion wi th in  the upper  reef region, in  that port ion in f luenced  by UV 
light." Simultaneously,  he observed Turbinaria mesenterina colonies at a depth  of 5 -6  m 
to be more sensit ive to UV radia t ion than  those occurr ing at a depth  of 1-2 m. Jokiel  & 
York (1982) found that  Pocillopora damicornis t reated wi th  U'V-light dur ing  the growth 
phase conta ined a greater  concentra t ion of the "S-320" UV-absorbing  substances  than  
corals l iv ing in  fi l tered sunlight,  l ack ing  solar ultraviolet.  This species is capable  of 
adapt ing  to various in tensi t ies  of UV light  and  of exist ing in  different depths. Mucus  is 
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secreted plent i ful ly  by the stony corals if they are in  extremely shal low water  or w h e n  
t aken  out of the water  for examinat ion.  This mechanism,  besides  be ing  a safeguard 
agains t  desiccation, is also a safeguard agains t  UV damage.  It is possible that the 
symbiotic zooxanthel lae  also operate  as a protective factor agains t  UV radiation,  s ince 
hermatypic  corals genera l ly  grow on fully exposed, insola ted subst ra tum without  any  
damage.  On  the other hand,  hermatypic  bu t  aposymbiot ic  corals, such as Dendrophyllia 
arbuscula, Tubastrea cf. coccinea and  Phyllangia pallida in  the Red Sea and  Tubastrea 
coccinea, Astrangia solitaria and  Phyllangia americana in  the Ca r ibbean  region settle 
only in  dark shady places of the reefs because  of lacking  symbiotic algae. Thus, UV 
radia t ion is not  responsible  for the vertical  dis t r ibut ion of several  hermatypic  symbiotic 
scleractinians.  The term "deep-wate r  coral" should be de te rmined  more precisely, 
whereby  the f indings  made  so far relate solely to the status of the species considered a nd  
not to the ecological  growth forms of hermatypic  corals. 

F la t tened  growth - considered to be  typical  of m a n y  of the coral colonies growing in  
deep water  (Kawaguti, 1937~ Goreau, 19631 Barnes, 1973~ Faure, 19741Bonem & Stanley, 
1977~ Meischner  & Meischner,  1977) - is perhaps l igh t -dependent ,  un l ike  depth occurr- 
ence of the species involved.  This is part icularly ev ident  in  stony coral species which 
form massive colonies in  shal low or med ium-dee p  waters, becoming  increas ingly  flatter 
in  deeper  waters. Goreau (1959) and  Dustan  (1979) ascr ibed this p h e n o m e n o n  to a 
reduct ion in  the output  of ca lc ium carbonate  because  of a lower photosynthet ic  rate. 
Since the spherical  form has the largest  vo lume with a small  surface, the f lat tened form 
can be  considered an  expression of the economy of skeleton material .  That  is why coral 
species occurr ing as massive colonies in  shallow waters, such as Porites lutea, Mont- 
astrea annularis, Fchinopora lamellosa, Pavia speciosa and  others, form flat tened lips 
and  over lapping  shingles  at greater  depths. On the other hand,  the soft leaf and  disk- 
shaped colonies, which  offer the water  large surfaces to act on, would be immedia te ly  
destroyed in  shal low or m e d i u m - d e e p  water. Favia stelligera colonies, which are 
co lumn-shaped  in  shallow waters, are fiat at greater  depths. Shrubl ike  forms such as 
Acropora granulosa, A. danai and  A. rambleri are characterized by  f lat tened b ranches  in  
deeper  waters. The most numerous  species in  deep-water  regions are those which grow 
solely or p redominan t ly  in  the shape of a disk: they inc lude  Leptoseris incrustans, L. 
mycetoseroides, Pachyseris speciosa, Podabacia crustacea, Coscinarea monile and  
others. 

Even the or ientat ion on the substrate of these coral colonies is characteristic. 
Crustaceous colonies such as some Montipora and  Psammocora species and  Stylophora 
mamillata follow the relief of the substrate. ]Even large, d isk-shaped corals such as 
Agaricia, Leptoseris, Podabacia and  Pachyseris are or ientated vertically. Small  disk or 
leaf-shaped colonies such as Agaricia lamarcki and  Synaraea species may also be 
horizontal ly oriented. Scleractinia,  such as Favia, Favites, Montastrea and  Porites 
species, which  are f la t tened in  deep water  whi le  otherwise be i ng  massive, have a 
horizontal  or, par t icular ly the large colonies, a downwards - inc l ined  active surface. 
Branching species, such as Acropora, Madracis and  Stylophora kuehlmannL also grow 
horizontally.  Only  St. kuehlmanni  displays branches  directed upwards  even  in  deep-  
water  regions, provided that it grows on a horizontal  rocky bottom. 

As a result  of invest igat ions  on flat slopes in  the med ium-dep th  range,  Loya (1972) 
poin ted  out that, as a rule, the size of the colonies decreases as depth increases. 
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However,  in  the deep-water  range  of the steep slopes invest igated,  be t w e e n  20 and  
40 m, large colonies predominate .  The disks, plates and  lips formed by  Agarlcia agari- 
cites f. purpurea, Leptoseris cucullata, Porites austraBensis and  Leptoseris incrustans 
often have a diameter  exceeding  1 m, while  the diameter  of Agaricia undata, Podabacia 
crustacea, Pachyseris speciosa and  Leptoseris mycetoseroides may be  more than  0,5 m. 
Such g igant i sm of the colonies must  probably  be at t r ibuted to the greatly subdued  
hydrodynamic  conditions.  While  coral colonies in  shal low waters are broken  down 
relat ively f requent ly  by high, rough waves, as demonst ra ted  by  the huge  dams and  
dunes  of debris on the shores (Kiihlmann, 1970a, 1980), coral colonies in  deep-water  
zones are usual ly  not  subjected  to violent  water  movement .  While  corals in  shal low 
waters  have to resett le aga in  and  aga in  and, apart  from p a ~ c u l a r l y  robust  Poritidae, 
Favi idae  and  some others, are able  to form only small  or med ium-s ized  colonies 
resul t ing from the destructive action of storms, the deep-water -zone  corals have p len ty  of 
t ime to form large and  broad colonies even  at slow growth rates. In short, deep-water  
coral associations exis t ing be tween  depths of 20 and  50 m are ma in ly  flattened, large, 
obl iquely  or vert ically or ientated growth forms of hermatypic  symbiotic Scler&ctinia. 
The frequent  deep-water  growth forms are, together  with the few species growing solely 
in  deep water, des igna ted  by  the ecological term "deep-water  corals" which  should in  
no way be confused with the ahermatypic  "deep-sea  corals" l iv ing in  the aphotic zone. 

Below 40 to 50 m, a decrease in  size of the colonies is accompanied  by  a distinct 
decrease of coral growth. It can be concluded that the op t imum deep-water  zone is 
be tween  20 and  50 m, provided there are favourable turbidi ty  and  light conditions.  As 
has b e e n  shown by  the example  of the Takapoto Atoll, a differentiat ion of coral 
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Fig. 3. Species diversity (number of species) of stony corals at different water depths in the West 
Atlantic (WA) and Indopacific Ocean (IP) 
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associations can occur despite equa l ly  ba l anced  env i ronmenta l  condit ions in  the deep- 
water  zone of the same reef, if there are different hydrodynamic  conditions. 

Steep, hard bottom substrates are part icular ly characteristic of the deep-water  zone 
of coral reefs. Flat  rocky substrates sand  up quickly  through sed iment  set t l ing in  calm 
water. Waterborne  sediments  were  not  p e r m a n e n t  on the steep substrates on which these 
invest igat ions  were  conducted because  even  sl ight water  movemen t  could easily stir 
them up and  transport  them to lower depths. When  sediments  are lacking,  the water  is 
rarely turbid  in  the vicini ty of steep slopes and  this is par t icular ly favourable for coral 
growth. Moreover, the water  is subjected  to cont inuous exchange  processes brought  
about  by  the slow currents usual ly  occurr ing there. Thus, the fol lowing conclusion is 
drawn: steep slopes with an  ang le  of inc l ina t ion  b e t w e e n  50 and  80 ° and  at depths 
be tween  20 and  50 m are par t icular ly  sui ted for colonization by deep-water  coral 
associations. The interact ion and  al terat ion of the env i ronmenta l  factors of hydrody- 
namics,  substrate and  sed imenta t ion  constitute a complex of mechanica l  factors act ing in  
concert. It appears  to be  responsible  for the formation of coral associations (Kiihlmann, 
1977) together  with other control l ing factors such as competi t ion (Lang, 1971, 1973; 
H i l d e m a n  et al., 1975; Sheppard,  1982), condit ions of set t lement  (Sammarco et al., 1974), 
predators (Salvini-Plawen,  1972; Collins,  1974, 19751 Harris, 1975; Frydl, 1979; Lauck- 
net,  1980), popula t ion  dynamics  (Margalef, 1978) and  others. Typical  deep-water  coral 
associations occurr ing in  more shal low waters are exceptions due to al tered condit ions of 
mechanica l  factors. Coral growth appears  to be  impeded  be low 40 to 50 m because  of 
cooler temperature,  stronger sed imenta t ion  in  calm water and  great ly reduced l ight  
intensit ies.  It is reduced  in  ove rhang ing  substrates because  corals project ing too far into 
the water  or becoming  too heavy b reak  off and  fall into deeper  zones. 

Of the 92 coral species (one hydrocoral) in  the Central  Pacific and  the Red Sea l iv ing  
below 20 m (Table 4), 74 of them occur above 5 m and  12 of them at depths be tween  5 m 
and  20 m (Fig. 3). Only  6 Scleract inia species were found exclusively be low 20 m. 
Al though this calculat ion is still based  on incomple te  data, as m a n y  as 80 % be long  to 
species which exist in  shal low as wel l  as in  med ium- de e p  and  deep-water  zones of the 
reefs; 13 % occur in  both m e d i u m - d e e p  and  deep-water  ranges  and  a mere 7 % are 
found exclusively in  deep-water  zones. Of the 21 coral species (among them 1 hydro- 
zoan) found in  the Western  Atlantic,  in  the deep water  of the reefs of St. Croix and  Cuba  
(Table 5), Goreau & Wells (1967), Wells (1973) and  Zlatarski & Estalella (1982) at t r ibuted 
18 species to shallow waters less than  5 m deep and  3 species to the med ium-deep  zone 
be tween  5 m and  20 m. Solely Mycetophyllia reesi has b e e n  found so far at depths 
b e t w e e n  27 and  76 m. Accordingly,  85 % of the corals are found in  the deep-water  zone 
and 14 % in  the m e d i u m - d e e p  zone, whi le  less than  1 %  live in  the deep-water  zone only 
(Pig. 3). Thus, depth zoning  of hermatypic  symbiotic coral species, growing be t w e e n  
shallow water  (< 5 m) and  deep water  (> 20 m) is not in  conformity with the spectrum of 
l ight  select ively absorbed by the water, bu t  rather with hydrodynamics  (Graus et al., 
1977), sedimentat ion,  surface condit ion,  substrate inc l ina t ion  and  other factors which 
change  with increas ing  depth. The occurrence of some hermatypic  corals exclusively in  
the deep-water  zone may  be at t r ibuted to mechanica l  conditions, light, other ecological 
factors and/or  the genet ica l ly  fixed property of foIming only fragile skeletons. 
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