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ABSTRACT: The coral world of the northern Red Sea, situated along the shallow waters of the Sinai 
Peninsula, has been intensively investigated by Israeli scientists during the last decade. Many 
aspects of these investigations revealed the presence of unique ecosystems which developed 
mainly after the last postglacial period less than 10,000 years ago! At this time the cooling of the 
ambient waters swept out most of the neopleistocenic coral formations, and all the richness and 
diversity of species observed today evolved after those profound events. At present, typical 
ecoformations, in which the corals comprise the main part, are found in the northern part of the Gulf 
of Aqaba, around the southern tip (Tiran Straits} of the Sinai Peninsula, and in the shallow parts of 
the Gulf of Suez. In 1967 teams of our scientists investigated the marine habitats, and a number of 
marine parks and sanctuaries, protected by law, have been established. Thus destruction of unique 
faunal elements is being prevented. Today, with the withdrawal of Israel and the return of Egypt to 
its territories, such parks should receive much attention and remain protected habitats for the 
benefit of nature and mankind. 

INTRODUCTION 

The main  purpose  of this paper  is to present  and summarise  data  about  the proposed  

mar ine  reserves  in the Gulf of Eilat  (Aqaba) and the Gulf of Suez, but  genera l  informa- 

tion about  the nature  of the nor thern  part  of the Red Sea is also included.  In addition, I 

br ing toge ther  the most important  concepts  and ideas  descr ib ing the deve lopmen t  of 

ac t iv i t i es  of both scientific and poli t ical  nature  associated wi th  the formation of these 

parks, and descr ibe how numerous  scientific works of biologists,  ecologists,  sociologists 

and legislators  have  b e e n  incorpora ted  in the concept  of reserve es tabl ishment .  It is also 

wor thwhi le  men t ion ing  that  the Israeli  success in p romot ing  mar ine  life protect ion a long 

the Sinai Peninsula  was  possible only because  the local popula t ion  and Israeli  youth 

have  p layed  a decis ive  and act ive role. 

ABOUT THE NORTHERN RED SEA 

In its nor thern  part  the Red Sea terminates  wi th  two f inger- l ike  extensions.  One, the 

Gulf of Suez, points toward the nor th-west  and approaches  the Med i t e r r anean  Sea. The 

second, the Gulf of Eilat  (Aqaba}, points toward the north-east  and is closed on its 

nor thern  end  by the Arava  Desert  in Israel and Jordan.  Both these Gulfs embrace  the 
upl i f ted Sinai Peninsula,  and a l though al ike in their  genera l  structure, they differ in 

geomorpholog ica l  and b io logica l  quali t ies.  The Gulf of Suez, formed dur ing the early 
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Miocene ,  is a w ide  bu t  very  sha l low basin.  At  its junc t ion  wi th  the  Red Sea, the  Gulf  of 
Suez is about  80-90 m deep,  whi l e  in its more  nor thern  extent  the  ave rage  dep th  var ies  
b e t w e e n  20 and  30 m. A long  its centra l  t rough,  that  serves  for naviga t ion ,  the  dep th  is 
much  greater .  The  flat  bo t tom of the  Gulf  is formed by  a some 2000-m th ick  l aye r  of mare  
ca lcareous  s ed imen t s  and  sandstone ,  as we l l  as by  an  app rox ima te ly  3000-m th ick  layer  
of evapor i tes .  The sha l low waters  of this Gulf, as we l l  as the  soft sed iments  of its bottom, 
are s t rongly  ag i t a t ed  b y  wave  mot ions  caus ing  tu rb id i ty  and  heavy  sed imen t  movement .  
This  seems  to be  the  ma in  factor that  today  moulds  the  recent  coral  formations in the  Gulf  
of Suez: He rma typ ic  reefs in the  shape  of f lat  p la t forms are  found only in its sou thern  
part ,  close to the  Ras M u h a m m a d  and  Ras Garra.  North  of these  poin ts  some f r inging  
reefs cont inue  unt i l  30 ~ North,  af ter  which  only diffuse coral  s t ructures  are  found. 

In contrast,  the  Gulf  of Ei lat  r emains  a typ ica l  s e gme n t  in the  Afro-Syr ian  Rift Sys tem 
wi th  deep  and  s teep  walls .  S e p a r a t e d  from the Red Sea  p rope r  by  the straits of Tiran,  a 
nar row p a s s a g e  about  250 m deep,  this  Gulf  forms a " M e d i t e r r a n e a n  Sea"  cha rac te r i sed  
by  its i so la t ion  and  wa te r  reg ime,  and  it differs s t r ik ing ly  from the Red Sea  proper .  The  
Gulf  of Ei lat  is 170 k m  long,  14 to 26 k m  wide  and  a lmost  2000 m deep;  it  forms a " d e p t h -  
t rap"  for s ed imen ta t i on  and  silt, w h e r e b y  s e d i m e n t e d  mate r i a l  cannot  be  r e - a g i t a t e d  
e i ther  b y  surface or ver t ica l  wa te r  motions.  Because  of this, the waters  of the  Gulf, except  
in some p laces  nea r  the shores,  are  excep t iona l ly  c lear  and  enab l e  l igh t - t ransmiss ion  
and  v is ib i l i ty  for tens of meters .  Except  for sporad ic  l a n d b o r n e  inf luxes of fresh water ,  
occurr ing  in win te r  a long  dry s t ream beds  (wadis) there  is no supp ly  of fresh wa te r  to the  
Gulf  and  this factor keeps  the  p l ank ton ic  p r imary  produc t ion  low, a d d i n g  to the  wa te r  
t ransparency .  Sur rounded  by  h igh  mounta ins ,  this  "dese r t  sea"  has  a very  h igh  rate  of 
evapora t ion ,  p roduc ing  a sa l in i ty  b e t w e e n  4.02 to 4 .1%,  and  in sha l low sites even  
higher .  The  t e m p e r a t u r e  of the wa te r  r anges  b e t w e e n  21 ~ at the  bo t tom to 26 ~ at  the  
surface (Kl inker  et  al., 1978), and  dur ing  the summer  increases  to 27-29 ~ in shal low,  
inshore  waters  (Fishelson,  pe r sona l  observat ions) .  As shown by  Kl inker  et  al. (1976) the  
oxygen  content  in the wa te r  co lumn is 3.8 to 5.8 ml/1 th roughout  the  year.  The  wa te r  
masses  in the  Gulf  of Ei lat  have  a character is t ic  c i rcula t ion  pa t t e rn  caused  by  a constant  
inf lux of wa te r  from the  Red Sea  proper ,  as we l l  as by  nor thern  winds  and  coriolis  forces 
(Klinker et  al., 1976). These  wa te r  movement s  not  only shift and  rep lace  wa te r  masses,  
bu t  also p roduce  typ ica l  near - shore  local  currents  that  inf luence  the d i sp l a c e me n t  of 
sediments ,  as we l l  as the  form of growth  of var ious  coral  formations (Fishelson, 1971). Al l  
these  condi t ions  - low silt load,  h igh  wa te r  t empe ra tu r e  and  h igh  oxygen  content  - 
enab l e  a luxur ious  growth  of corals, excep t iona l ly  h igh  in thei r  d ivers i ty  of forms and  
species ,  and  assoc ia ted  fauna  (Por & Lerner-Segev,  1966; Fishelson,  1970a, 1971, 1973a~ 
Loya & Slobodkin ,  1971; Mergner ,  1971; Loya, 1972; M e rgne r  & Schumacher ,  1974; 
Amoreux  et  al., 1978). These  corals form a f r inging  be l t  that  in the  Gulf  of Ei lat  ex tends  
a long  a lmost  the  whole  shore l ine  of the  southern  par t  of the  Sinai  Peninsula ,  par t ly  
in t e r rup ted  by  sha l low bays.  In such p laces  the  win te r  f loods of fresh wa te r  en r i ched  
wi th  silt, depress  the  normal  d e v e l o p m e n t  of coral  growth.  The  wid th  and  th ickness  of 
the nea r - shore  coral  be l t  d e p e n d  on the s t eepness  of the  inorgan ic  s lopes  on wh ich  the 
corals rest. On most  si tes of the Gulf  this base - l i ne  is fo rmed by  the d e s c e n d i n g  and  
s u b m e r g i n g  m a g n e t i c  mounta ins  of the  up l i f ted  Sinai  Peninsula .  On  severa l  nor thern  
si tes  of the  Gulf  these  rocks d e s c e n d  d i rec t ly  into the sea, whi l e  in more  southern  parts,  
such as nor th  of Sharem e Sheik,  the p r a e c a m b r i u m  formations re t rea t  r evea l i ng  la te  
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p le i s tocen ic  uplif ts  of coral  reefs, exposed  at var ious  e leva t ions  above  the recent  
coast l ine.  As shown by  var ious  ana lyses  these  exposed  coral  te r races  are  b e t w e e n  20,000 
and  200,000 years  old, whi l e  some of the  fossil  par ts  found in the  nor thern  par t  of the  Gulf  

of Eilat  are  only app rox ima te ly  5000 yea r s  old (Fr iedman,  1965, 1968). 
These  di f ferences  in type  of shore, s lope graduat ion ,  as wel l  as the d i rec t ion  which  

the shore faces, p roduce  a h igh  var ie ty  of in t imate  coral  formations,  different  in the i r  
fauna l  composi t ion  as we l l  as in structure.  Recent ly  it was  d i scovered  that  minor  local  
tectonic  fractures,  occurr ing a long  the Gulf  axis and  close to the  coast l ine,  also contri-  
bu te  to the  h igh  he t e rogene i t y  of the  coral  formations observed.  (The effect of o ther  
factors wi l l  be  e l a b o r a t e d  later.) This he t e rogene i t y  of corals has  p r o d u c e d  a fine g r a ine d  
habi ta t ,  in which  not  only  hundreds  of corals bu t  also thousands  of o ther  inver tebra tes  
can be  found. A p p r o x i m a t e l y  one thousand  species  of fish feed, r ep roduce  and  survive 
among  these  corals.  This h igh  d ivers i ty  of an imals  in  compara t ive ly  nar row si tes l eads  to 
spec ia l  types  of in terspeci f ic  re la t ion  among  sess i le  an imals  (Fishelson,  1964, 1970b, 
1973a, 1975~ Spr inger  & Smith-Vaniz ,  1972~ Popper  & Fishelson,  1973; S lobodkin  & 
Fishelson,  1974~ Benayahu  & Loya, 1977~ Spiegel ,  1979). As a result ,  a de l i ca te  mul-  
t i channe l  ne twork  of i n t e r d e p e n d e n c e  is fo rmed in which  the wel fa re  of one form is t ied  
to the  we l l  b e i n g  of others. As p rev ious ly  men t ioned  (Fishelson,  1973a) " somet imes  one 
has  the  impress ion  that  we  are  exp lo r ing  an  anc ien t  fauna,  whose  ma in  structures were  
formed dur ing  t h e  Ple is tocene,  and  par t ly  only pers is t  to the  p resen t  t ime" .  It is no 
exagge ra t i on  to say  that  an  intact  coral  reef  in  the  Gulf  of Eilat  is a po lyax ia l  symbiot ic  
enti ty,  in which  each  spec ies  contr ibutes  a v i ta l  part.  This is the  character is t ic  difference 
b e t w e e n  the Gulf  of Suez and  the Gulf  of Eilat.  If the  future p l a n n e d  for the  Gulf  of Suez 
is to be  cen te red  on indus t ry  b a s e d  on oil  and  its b iproducts ,  the future of the  Gulf  of Ei lat  
should  be  to r ema in  a t reasure  of nature ,  p ro tec ted  aga ins t  any  ha rm and  destruct ion.  A 
w e l l - p l a n n e d  tourist  indus t ry  can  be  deve loped ,  cen te red  a round  these  coral  habi ta ts ,  
and  e spec ia l ly  a round  the coral  parks ,  a focal poin t  for mi l l ions  of visi tors from the 
M e d i t e r r a n e a n  and  Europe,  for visi tors s eek ing  beau ty  in nature.  The  inves tment  in the  
pro tec t ion  of the  mar ine  parks  wi l l  be  more  than  r e p a i d  by  such visitors. This concept  
should  be  the bas ic  p remise  for developers .  In recent  t imes  poor ly  p l a n n e d  h u m a n  
act ivi t ies  have  resu l ted  in an  inc rease  in ca tas t rophic  events ,  such as oil  spi l ls  at the  oil 
t e rmina l  and  the l ike,  wi th  a consequen t  dec l ine  in the  s tab i l i ty  of na tu ra l  ecosystems.  
Such po l lu t ing  in tervent ions  have  in t roduced  de t r imen ta l  changes  in coral  reefs, exam-  
ples  of wh ich  were  de t ec t ed  in inves t iga t ions  pe r fo rmed  at Eilat  (Loya, 1972, 1975, 1976; 
Fishelson,  1973bI Rinkevich,  1975~ Rinkevich  & Loya, 1977~ Loya & Rinkevich,  1979). 
The de te r iora t ion  obse rved  in corals was  also obse rved  in other  an imals  u t i l i s ing  the  
coral  env i ronment  (Fishelson, 1977a). Thus in es tab l i sh ing  mar ine  pa rks  we  must  rea l i se  
that  factors which  are l i ke ly  to cont r ibute  to de te r iora t ion  in  the  sys tem m a y  der ive  from 
h u m a n  act ivi ty  on the coast l ine  or on the land.  It appea r s  that  unwise  p l a n n i n g  for the  
use  of the  mar ine  sha l lows presen ts  the  grea tes t  po ten t ia l  d a n g e r  for mar ine  parks ,  as 
ev iden t  from examples  from Hawai i ,  J a m a i c a  and Eilat. 

CORAL REEFS IN THE GULF OF EILAT 

The most p rominen t  character is t ic  of the  coral  reefs in this Gulf  is the  h igh  d ivers i ty  
of corals obse rved  (Loya & Slobodkin ,  1971; Loya, 1972; Fishelson,  1973b; Benayahu  & 
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Loya, 1976). It is the  only hab i t a t  in  wh ich  a long  a 10-m long  t ransect  12 to 14 coral  

spec ies  could  be  coun ted  in sha l low waters ,  and  about  30 spec ies  in  d e e p e r  waters .  At  
leas t  in the  shal lows,  it  seems  that  just  a few impor tan t  pa r a me te r s  act to conserve  such a 
diversi ty ,  wh ich  was  also obse rved  in other  an imals  i nhab i t i ng  this system. 

P o s t g l a c i a l  c o l d  or  m e s o l i t i c  c o o l i n g  

As shown by  severa l  inves t iga t ions  (Fr iedman,  pe r sona l  communica t ion)  the  l ime-  
stone fossil  coral  p la t forms on which  the l iv ing  coral  wor ld  is b a s e d  are  10-12,000 years  
old. It has  b e e n  also shown that  some mass ive  coral  ske le tons  of non -me ta morph i c  
a ragon i te  that  were  found in these  p la t forms are  about  9-10,000 years  old. This means  
that  some 12-15 thousand  yea r s  ago  a k i l l  occurred  in  this r eg ion  that  des t royed  the then  
f lour i sh ing  huge  coral  reefs in  the  su r round ing  Sinai  Peninsula .  Two recent  f indings  
l end  suppor t  to this  poss ibi l i ty :  Is rae l i  botanis ts  and  p a l e o g e o g r a p h e r s  have  found 
art ifacts  in  the  Sina i  Mounta ins  showing  tha t  dur ing  the  last  g l ac i a l / pos tg l ac i a l  pe r iod  
the c l imate  in  this  m i d d l e - e a s t e r n  reg ion  was much  co lder  than  today.  Accord ing  to 
Reiss et al. (1971), this  cool ing  was  a c c o m p a n i e d  in the  eas te rn  M e d i t e r r a n e a n  b y  a 
l ower ing  of the  sea  level ,  an  even t  which  m a y  have  also occurred  in the  nor thern  Red 
Sea. Recently,  deep  cores pe r fo rmed  by  W.H.O.I. in the  Gulf  of Ei lat  r e v e a l e d  forms of 
Globigerina (Foraminifera)  typ ica l  today  for the  colder  waters  of the  Atlant ic .  Again ,  the  
da t ing  of these  forms is 12-14,000 years  (Reiss, pe r sona l  communicat ion) .  If w e  assume 
that  this  marks  a wa te r  t empe ra tu r e  5 -7  ~ lower  than  today,  this  wi l l  exp la in  the  
" s u d d e n "  k i l l  of the  anc ien t  coral  belt .  A w a r m i n g  up  of this  r eg ion  s ta r ted  after this  
per iod,  and  accord ing  to Parker  (1958) 7000 years  ago  the M e d i t e r r a n e a n  was  w a r m e r  
than  today.  Thus the  corals that  we  see today,  a c c o m p a n i e d  by  many  other  inver tebra tes  
and  fish, r e - i n v a d e d  the foss i l ized l imes tone  tab les  after the  Sinai  waters  were  w a r m e d  
up again .  Such a dras t ic  env i ronmen ta l  change  can resul t  in an  explos ive  evolut ion,  
typ ica l  for bo rde r  regions.  This can at  l eas t  par t ly  exp la in  the  h igh  e n d e m i s m  of many  
an ima l  groups  obse rved  in the  Red Sea  (Klausewitz,  1974, 1978; Por, 1978). 

C a t a s t r o p h i c  l o w  t i d e s  

The surface current  pa t t e rn  in the  Gulf  is s t rongly  in f luenced  by  w i n d  di rec t ion  and  
velocity,  e spec ia l ly  dur ing  the  s t rong monsoon  winds.  It has  b e e n  obse rved  (Fishelson,  
1973a) that  if such nor th /south  w inds  coinc ide  wi th  the neap  t ides  of the  months  
Sep tember /Oc tobe r ,  then  this add i t iona l  force is capab le  of moving  huge  masses  of 
wa te r  southwards ,  t he reby  caus ing  a t empora ry  ca tas t rophic  reduc t ion  in the  wa te r  
level .  This exposes  the  ent i re  sha l low wate r  coral  popula t ion ,  and  if it cont inues  for 
severa l  hours  dur ing  the hot  par t  of the  day  a ki l l  of corals occurs (Fishelson,  1973a). As 
the s i tua t ion  changes  and  the d e n u d e d  corals submerge ,  the  exposed  l imes tone  of the i r  
ske le tons  p rov ides  si tes for r e - se t t l emen t  for corals (Loya, 1976). Such ki l ls  s eem to occur  
in the  nor thern  par t  of the  Gulf  of Ei lat  every  20-40 years ,  p r even t ing  the  d e v e l o p m e n t  of 
a c l imax-s i tuat ion,  and  r e -e s t ab l i sh ing  success ive  s tages  of deve lopment .  Since sha l low 
wate r  corals p roduce  p r o p a g u l e s  which  can also grow in d e e p e r  waters ,  it s eems  that  the  
d e e p e r  coral  popu la t ions  are  also in f luenced  by  these  unp red i c t ed  events.  
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S l o p e - a n g l e  a n d  d i r e c t i o n  of the  b a s e - r o c k  

The angle of the descending slopes of the praecambrium magmatic or sedimentary 
rocks, which form the base for the coral limestone, is highly variable at various sites 
along the coast line, ranging between 5 to 14 ~ This results in very important differences 
in the amount of support provided to corals within the vital zone of their recruitment and 
growth. Furthermore, the direction these slopes face may be either leeward or windward 
at different sites. These characteristics of the base strongly influence the width, density 
and faunal composition of the coral growths. In general  it can be stated that the more 
gentle the slope the greater will be the possibili ty for coral settlement and development,  
and the wider will be the coral table. 

F r e s h  w a t e r  d r a i n a g e  

The water-shed of the southern Sinai mountains runs paral le l  to the Gulf of Eilat, 
closer to this Gulf than to the Gulf of Suez. From these mountains dry-bed drainages 
(wadis} open to both Gulfs. Those that empty into the Gulf of Eilat are short and strong 
while those opening into the Gulf of Suez are longer and more gently inclined. In winter 
these wadis sporadically flow with huge amounts of rainfall together with silt and rocks. 
When alluvial  sediments settle in the shallow-subtidal  they produce fans that cover and 
kill most of the benthic life found here and so prevent the development of a closed reef 
along the various larger or smaller bays, including Nweibe and Dahab. These alluvial 
fans produce special types of lagunar development,  with characteristic coral com- 
munities on the seaward facing shoulders of the bays. 

CORAL ECOTYPES ON THE REEFS OF THE GULF OF EILAT 

About 110 species of hermatypic corals and almost 120 species of soft corals 
comprise the bulk of the coral reefs in the Gulf of Eilat. An important role in these reefs is 
also p layed by two hydrocoralian species, Millepora dichotoma and M. platyphyla, that 
form dense belts along many coral platforms. Loya (1976} showed that some of these 
corals, such as Stylophora pistillata are typical r-strategists characterised by very high 
reproductive rate, high growth rates and short life span. Among the branching forms of 
corals, prolonged observations support the assumption that many belong to this category 
of expanding species that are rapid invaders with a short life span. As mentioned by 
Fishelson (1971} some of them are even able to grow on aerial  roots of mangroves. These 
ecotypes numerically dominate many sites in the shallow water reefs, react sharply to 
deterioration (Fishelson, 1973a) but are able to invade again if the conditions improve. 
These corals are the most important symbiotic forms, providing homes for very many fish 
(Pishelson, 1964, 1977b; Fishelson et al., 1974) and various invertebrates (Wolodarsky, 
1979). 

The globular, brain-shaped corals form a totally different ecotype. The most com- 
mon are Platygyra lamellina, Pavia favus, P. stelligera, P. dereyensis, Favites virens, F. 
halicora, P. abdita; they are characterized by very low propagule-production, a very low 
growth rate and a great longevity and rapid regenerat ion rate (Fishelson, 1973a). Small 
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colonies of these species, with a d iameter  of 60-70 mm, add 2-3 % to their ini t ia l  
d imens ions  each year  and  colonies of Platygyra lamellina of 40-50 cm diameter  grow 
less than  1 %  per year  (Fishelson, in  preparation).  The growth of larger colonies can be 
detected only after 2-3 years of measurement .  On  the basis of these observations 
calculat ions showed that colonies of these species that are 2-3 m in  d iameter  are several  
hund red  years old, and  larger colonies possibly " remember  Moses." It seems that such 
immortal  forms are the mould ing  components  of the reef, p rovid ing  its stability, whi le  
the short- l iving forms fill up all the space avai lable.  The dominance  of such ephemera l  
forms on the reef only exposes its temporal  and  chang ing  character. 

Only  by  measur ing  the age-structure (dimension) of massive corals found on various 
places  of the reef are we able  to detect long- term changes  in  the envi ronment ,  as for 
example  those caused by industr ia l  inpu t  (Fishelson, 1977a). On  the basis of such data 
we are also able  to predict  the long- term outcome of such technological  inputs  on coral 
reef stability. 

FIRST MARINE PARK IN THE RED SEA 

Prior to 1967, the Israeli shorel ine covered by reefs in  the Gulf of Eilat was only 
several  km long. From this a coral reserve was laid out and  es tabl ished in  1960. To 
implemen t  the reserve required  legis la t ion and  special  wardens  were posted on this 700- 
m long strip of shoreline. Most impor tant  was the total prohibi t ion of collect ing or 
d a m a g i n g  corals. Unfor tunate ly  this Israeli coral reserve is only 1 km from the harbour,  
which  includes  a phosphate  loading  station and  oil terminal .  As a result  of activity in  the 
harbour  a marked  decrease in  the l iv ing coral cover was soon observed (Fishelson, 
1973b). Dur ing  all these years, the rich coral formations of the Gulf of Eilat as wel l  as the 
entire Sinai  Pen insu la  border ing  the Gulf were threa tened  by the explosive technologi-  
cal deve lopment  and  tourism, so typical  of the contemporary Middle  East. After the six- 
day war of 1967, as the Israeli defence forces occupied the Sinai  Peninsula ,  the corals 
were exposed to an  immedia te  and  real danger  of destruction by herds of souvenir  
collectors and  an imal  hunters.  This potent ia l  for disaster act ivated the ma in  bodies  
involved in  na ture  protection: the Association for the Protection of Nature, the Nature 
Reserve Authori ty (governmental)  and  Israeli scientists work ing  on the ecology of the 
mar ine  ecosystems and  involved in  policies of conservation. All these un i ted  to engage  
in  a wide  range  of activities, a imed  toward the immedia te  es tab l i shment  of mar ine  parks 
a long the Gulf of Eilat as wel l  as sections of the Gulf of Suez. S imul taneous ly  with such 
poli t ical  activities, all  the reefs a long Sinai  were s tudied in  detail. Similarly the habits  of 
local Bedouin  populat ions  especial ly  concern ing  their f ishing activities and  seafood 
collect ing were studied. The exist ing conservat ion legislature of Israel, as wel l  as the 
Martial  Laws of the Israeli Command  in  Sinai, made  it possible to prepare  the necessary 
legal  f ramework for the es tabl i shment  of protected areas wi th in  a very short time. Dur ing  
this the executive bodies  were taught  by mar ine  ecologists that: (1) Preserving na tura l  
landscapes  and  resources is a basic need  of stable h u m a n  populat ions.  (2) The coral reefs 
of the no r them Red Sea are a un ique  na tura l  t reasure not found in  other parts of the 
world. (3} Coral reefs are sources of income because  they attract tourism and  as such 
provide l ivel ihoods with little capital  investment .  (4) Wel l -p l anned  l and  deve lopment  
can  occur wi thout  destruct ion of shal low water  habitats.  
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Parallel  to this the local Bedouins of Sinai, as wel l  as the ne w  Israeli settlers of the 
Sinai, were taught  that: (1) By protect ing corals we are preserving focal points for 
income. (2) Coral reefs are hatcheries  and  b reed ing  grounds for many  fish and other 
species that serve as food for humans.  

The first victory in  the bat t le  for corals was the p l a n n i n g  of the route for the ne w  road 
connect ing  Eilat with Sharem e Sheik on the southern end  of the Sinai  Peninsula .  This 
road was p l a n n e d  by an  in terdisc ipl inary team and  goes in  part  a long the sea, but  for a 
long stretch of about  100 km penet ra tes  in l and  be t w e e n  the mountains ,  l eav ing  a large 
port ion of the coral coast almost unapproachab le  to most visitors (Fig. 1). This was a 
costly road, but  today it is known  as one of the most beaut i ful  routes in  this part  of the 
world. At the same t ime several  research expedi t ions a long the littoral zone were 
generous ly  sponsored by the government  and  military, us ing  l and ing  craft, small  boats, 
mil i tary carriers and  aeroplanes.  Soon enough  mater ia l  was on hand  to draw up a p lan  
which laid out both mar ine  reserves and be tw e e n  them officially open fishing grounds. 
All this was then  publ i shed  on a special  chart dis tr ibuted by the Reserve Authority. By 
us ing  newspapers ,  broadcast ing and  other media,  the basic code of mar ine  reserve 
protection laws was also wide ly  publ ished.  The most important  among  the laws were: (1) 
All corals and  many  "non-ed ib le"  fish and  inver tebrates  are totally protected and  any 
damage  or collection of them not authorised by the authorit ies wil l  be punished.  (2) 
Waste disposal of any  k ind  in  the reef region is forbidden and  punishable .  (3) Fishing 

Fig. 1. The road from Eilat to Sharem e Sheik (black line) 
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activities in  the mar ine  reserves are forbidden. F ish ing  by special  permiss ion is possible 
in  special  areas des igned  for this. Recently a mart ial  Court o~iaw totally b a n n e d  spear  
f ishing a long the Sinai  Peninsula .  

The fol lowing concepts were the gu ide l ines  for select ion of sites a long the coral 
reefs for mar ine  reserves: (1) They should preserve the variety of the coral habitats.  (2) 
The boundar ies  must  be  well  def ined  and  easy to mark. (3) If possible, areas a round 
these spaces should be preserved for the es tab l i shment  of visitor services. 

As a result  several  different types of coral habitats,  very special  in  their composit ion 
and  structure, were chosen and  marked  as mar ine  reserves, and  their  borders were wel l  
marked  with signs. Bedouin  and  Israeli wardens  employed  by the Nature Reserve 
Authori ty were s ta t ioned on these reserves. Today the coral reef reserves include:  the 
lagoonar  reefs, platform reefs, contour reefs, sharem reefs, mangrove  reserve and  coral 
islets. In some places, such as Ras M u h a m m a d  where  several of these u n i q u e  reefs occur 
close together,  the total area has b e e n  procla imed as a mar ine  reserve. 

MARINE RESERVES IN THE GULF OF EILAT 

Lagoonar reef reserves 

This type of reef (Fig. 2) is characterised by a back  reef channe l  (lagoon) that 
separates the recent  reef structure from the beach  rock structures on the shorel ine 
(Fishelson, 1971; Fishelson et al., 1974). The bottom in  these channels  is calcareous, 
formed mostly from coral debris produced by an imals  feeding  on corals, such as fish 
(Scaridae, Labridae,  Serranider) and  various invertebrates.  It seems that such channels  
are formed by the growth destruct ion differences in  the part  of the coral s i tuated b e h i n d  
the fore reef parts of the structure. Measurements  show that dur ing  low tides the summer  
tempera tures  in  the shal low water  reach 29-30 ~ and  oxygen deple t ion occurs in  these 
channels ,  with oxygen concentra t ion sometimes fal l ing to 3-4 mg/1/02 as compared with 
8-8.5 mg/1/02 in  the fore reef. The deple t ion  of oxygen must  be  even  more p ronounced  in  
the coral crevices and  caves and  may cause in tens ive  degenera t ion  and  prevent  growth 
and  regenerat ion.  If these processes occur over longer  periods, they, as well  as other 

L A G O O N A R  REEF 

. %  L 

Fig. 2. Cross-section of a lagoonar reef 
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factors (e.g. tectonic),  wi l l  l e a d  toward  the des t ruc t ion  of corals and  channe l  formation.  A 
un ique  fauna  deve lops  in this  channe l  which  uses  the  soft bot tom as a refuge.  It inc ludes  
saur id  fish, gob ies  and  the i r  a l phe id  symbionts ,  as we l l  as severa l  spec ies  of g round-  
dwe l l i ng  s e a - a n e m o n e s  of the  gene ra  Radianthus and  Cerianthus. The oppor tunis t ic  
coral  Stylophora pistillata as we l l  as colonies  of Seriatopora cafiendrum and  Acropora 
variabilis are found here,  u sua l ly  p o p u l a t e d  by  h igh ly  in te res t ing  ha rems  of fish, of 
var ious  spec ies  of Dascyllus spp. (Pomacentr idae)  and  spec ies  of Gobiodon and  Para- 
gobiodon, spec ia l  gobies  a d a p t e d  to l ive b e t w e e n  coral  branches .  Dur ing  h igh  waters  
these  channe ls  serve  as nurs ing  grounds  for schools of many  commerc ia l ly  impor tan t  
fish, such as goat  fish, r abb i t  fish and  porgies .  The  reef  f r ing ing  this channe l  is normal ly  
flat, severa l  tens  of meters  wide ,  s i tua ted  25-35 cm b e l o w  the normal  low wa te r  mark  
and  covered  by  many  spec ies  of he rma typ ic  corals and  ex tens ive  growths  of var ious  
a lcyonar ians .  Due to very  s t rong growth  a long  the uppe rmos t  f r inge  of this reef, the  
s eaward  fac ing l ine is s l ight ly  e l e v a t e d  c o m p a r e d  wi th  other  par ts  of the  l agoonar  reef. 
Caves  in this  s tructure serve  as refuges  for noc turna l ly  act ive fish, such as Pompher idae ,  
Ha locen t r idae ,  A p o g o n i d a e  and  others. On the s e a w a rd  side,  the  u p p e r  fore reef is 
occup ied  b y  la rge  colonies  of Millepora dichotoma, severa l  spec ies  of Acropora (var- 
iabilis, humilis), Pocillopora danae and la rge  corals.  Most  of the  typica l  reef  fish l ive 
a long the fore reef, each  of them us ing  it in a different  way.  The most  typ ica l  fishes of this 
f r inge are  Acanthurus sohal, a crevice dwe l l e r  f eed ing  on a lgae ,  and  the but ter f ly  fish 
Chaetodon strigosus, l iv ing  over  Acropora hyazinthus colonies  and  feed ing  on thei r  
polyps .  Dur ing  n ight - t ime,  however ,  numerous  ca rd ina l  fish and  the i r  ma in  predators ,  
the l ion fish are  active.  A l though  l agoona r  reefs are  found at severa l  p laces  a long  the 
Gulf  of Eilat,  the  mar ine  reserves  are  those of the  coral  reserve  in Eilat, and  the beaut i fu l  
reserve  on Ras Burkha  (29013 ' N). 

P l a t f o r m  r e e f  

This type  of coral  format ion (Fig. 3) is found chief ly in  the  southern  par t  of the  Gulf  of 
Eilat,  a l though  smal l  si tes in the  north are  of the  same morphology.  Typical ly ,  these  reefs 
form a cont inuous  p la t form from the beach - rock  of the  shore l ine  to the  fore reef por t ion 

P L A T F O R M  R E E F  

Fig. 3. Cross-section of a platform reef (see also Fig. 2) 
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(Safriel & Lipkin, 1964). Usual ly  the seaward wal l  of the reef has a s tepped or gent le  
slope, and  descends to great depth, somet imes  to 1006150 m as in  reefs close to the straits 
of Ti tan.  The width  of the platform reefs is usua l ly  30-40 m, but  in  some sites extends 
over 150 m. The upper  surface of the platform is strongly eroded and  perforated by caves 
and  passages  and  its greater  part  has oval or prolonged in te r twin ing  shallow ponds,  the 
result  of dissolving metagenes i s  of the reef structure. Close to the shorel ine this surface 
is domina ted  by m a n y  groups of invertebrates,  of which the most dominan t  are serpent  
stars of the genus  Ophiocoma spp. and  the sea-urchin  Bchinometra mathae (Fishelson, 
1971). Only  further out from the shore coral colonies start to appear,  together  with g iant  
shell  (Tridacna), conches (Strombus tricornis) and  many  other species. The crevices of 
the platform serve as nurser ies  for many  juven i le  fish, especial ly from among  the 
pomacent r id  and  chaetodont id  fish families. With in  the crevices conger  fish, myrichtyid 
and  muraen ich thy id  eel-fish find their  refuge. Further  seaward the platform gradual ly  
becomes  covered by larger and  denser  coral growths, especial ly  of Acropora scandens, 
A. humilis and  A. variabilis, Pocillopora danae, smaller  heads  of Platygyra lamiellina, 
Pavites abdita, Pavia favus and Cyphastrea microphtalma. Approximately 10-22 m 

before the fore reef fringe the platform becomes deeply eroded with large undercuts, 

spear growths and disconnected pinnacles and larger coral colonies. Here the largest 

growths of corals are observed - Acropora scandens and A. hyazinthus of 3-4 m 
diameter. Pavia doreyensis and Goniopora savignyi intermingled with giant Porites 
lutea, Platygyra lamellina, as well as large growths of the alcyonaria: Labophytum 
pauciflorum, Sinularia spp. Cladiella spp. and Sarcophytum spp. (Fishelson, 1970a; 

Benayahu, 1976). Dispersed among them are large colonies of Millepera dichotoma and 
M. platyphyla. All this front of the platform reef is biogenic, like a dense coral garden. As 
the forewall descends 15-20 m gorgonarian corals begin to appear forming large 

growths of various colours, bush-like or fanlike as the giant Suberogorgia. All these sub- 
sites of the platform swarm with thousands of fish, many of them stationary, forming 

typical fish species associations around knolls and pinnacles and along the wall. Other 

fish species move along in groups or singly seeking food and refuge (Fishelson, 1977b). 

During night-time thousands of lantern fish (Photoblepharon) are found along these 
walls and on them many featherstars and gorgonian heads (Astroboa nuda) may he seen 
(Fishelson, 1974). 

The most well preserved platform reefs are found at Ras Atantur (28~ ' N), south of 

Nabeq, and from Ras Nazrani to Ras Muhammad. 

C o n t o u r  r ee f  

This type of reef is l ike a platform reef in  genera l  structure, bu t  differs from it in  the 
d imens ion  and  mass of l imestone on which it rests. Contour  reefs develop on sites where  
the magmat ic  mounta ins  submerge  into the sea and  cont inue  to descend almost a long a 
straight line. Such a structure does not provide sufficient support  for colonisat ion and  
deve lopment  of large b iogenic  communi t ies  (Fig. 4). Because of this, only a very narrow 
b a n d  of corals develop forming a narrow frame at tached to the support ing inorganic  
slope. Such contour reefs are sometimes only 3-4 m wide and  seawards of them the 
p lunge  to the depths begins.  Compared  with other reefs, the contour reefs are poorer in  
diversity, but  the sharp contrast be tween  the narrow shal low coral bel t  and  the deep b lue  
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sea is very impressive visually. On the rocky seaward slope, below the narrow coral belt, 
growths of gorgonaria  and  alcyonaria  develop, as wel l  as sponges of various forms and  
colours. The most developed contour reefs are found south of Dahab. 

S h a r e m  reefs  

This type of reef (Fig. 5) f requent ly  inc ludes  e lements  of the various reef types 
descr ibed above, and  develops around and  wi th in  bays, which are numerous  around the 
Sinai  Peninsula .  As men t ioned  previously, several  larger or smaller  wadis  terminate  
today or once te rminated  a long the shores of the Gulf of Eilat. In such surroundings  bays 
are formed, f requent ly  used by the local popula t ion  as anchorages for their small  sea- 
going vessels. Along such sites there are small  vi l lages occupied by Bedouins, who 
spend  at least part  of the year  fishing. The central  axis of such a sharem has a soft bottom 
covered by a mixture of silt and  calcareous sand, usual ly  with growths of Halophila 
stipulacea or other sea grasses. The domina t ing  organism in  these bottoms is Lovenia 
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Fig. 5. Aerial view of a sharem reef (see also Fig. 2) 

elongata (Farber & Lawrence, 1976). Approaching the shore, the bottom becomes more 
heavily covered by gravel  and stones, brought down by strong floods in the wadis. These 
shifting alluvial  deposits prevent coral development  along the internal part  of the 
sharem, and only small, one-to-two-year old colonies of Stylophora pistillata, Pocillopora 
danae and various faviids are found at tached to these stones. The coral reefs develop 
along the sides of the embayment,  usually starting as narrow and eroded coralogenous 
rocks at half the depth of the bays. Toward the bay opening the coral habitats gradually 
widen and living coral cover becomes more pronounced. In such places 20-30 % of the 
coral flats is covered by living colonies, and toward the bay entrance the cover becomes 
larger and denser. Here also the diversity of species of corals on the leaward and 
windward sides of the embayments  becomes more pronounced. As an example we may 
take the Maagana  Sharem (20~ , N), one of the beautiful sharem reefs in the northern 
part  of the Gulf of Eilat. On the northern, leeward coral shoulder of this sharem the plate 
of corals is highly eroded and covered by small colonies of Acropora spp., Stylophora 
pistillata, Pavona decussata, Cyphastrea microphthalma, and a few small faviids. 
Toward the fringe, larger  colonies of Millepora dichotoma form the frame of the reef. At 
the bay entrance larger colonies of corals develop, especial ly globular  forms and 
IVlilIepora platyphyla. The fore reef wall  of this part of reef is in many parts covered by 
growths of Lobophytum pauciflorum and Sarcophytum glaucum (Alcyonaria). Gradually 
large colonies of Acropora hyazinthus take over toward the open sea. The windward  side 
of the Maagana  sharem, is totally different. Here is the domain of heavy, massive corals, 
among which also branching forms are frequently found. Deeper in the bay, the colonies 
are smaller, but  toward the opening, huge colonies of Millepora dichotoma and M. 
platyphyla (Hydrocoralina) form very strong outgrowths, sometimes forming separated 
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p innac les .  The bay- fac ing  wal l  of the  coral  p la t form is covered  by  la rge  colonies  of Favia 
specioza and  Porites Iutea, somet imes  g lobu la r  or columnar ,  of seve ra l  me te r s  d imen-  
sion. A m o n g  them are  also g lobu la r  l a rge r  colonies  of Platygyra lamellina, var ious  
spec ies  of Favites, Cyphastrea and Hydnopora. This ent i re  sea- fac ing  wall ,  wh ich  is 
exposed  to the heav ies t  b reakers ,  is p ro tec ted  by  such mass ive  forms. Branching  corals or 
soft forms of a l cyonar ia  are of major  impor tance  on this si te as c o m p a r e d  wi th  the 
l e e w a r d  s ide  of the  sharem.  Sharem reefs are  very  rich in coral  fish of var ious  famil ies ,  
and  e spec ia l ly  impor tan t  he re  are  the  b r e e d i n g  groups  of Abudefduf sordidus, very  rare  
on other  si tes of the  Gulf. Many  juven i l e s  of coral  fish f ind thei r  pro tec t ion  from preda tors  
in crevices  of these  reefs. The holes  in the  fore par t  serve as h id ing  p laces  for sp iny  
lobsters  Panulirus penicilliatus. 

C o r a l  i s l e t s  

Few coral  is lets  are  found in the  nor thern  Red Sea, as compared  wi th  the  southern,  
whe re  the Dah lak  Arch ipe l ago  conta ins  the la rges t  agg rega t i on  of them (Lewinsohn & 
Fishelson,  1967). We def ine  an  i s land  as b iogen ic  par ts  of l and  s epa ra t ed  from the 
m a i n l a n d  by  d e e p e r  sea. Such groups  of is lets  are  s i tua ted  north to Nweibe ,  not  far from 
the shorel ine.  Dur ing  h igh  t ide  these  coral  is lets  are  submerged ,  and  only b reake r s  
ind ica te  the i r  posi t ion.  Dur ing  low t ides,  the i r  u p p e r  par ts  are  exposed  and they  can  be  
seen  from the shore. Such coral  outcrops are ga rdens  of corals,  i n h a b i t e d  by  myr iads  of 
fish. The wa te r  a round  them is a lways  c lear  and  deep  blue.  The nor thern  s ide  is usua l ly  
more  exposed  to wa te r  ag i ta t ion  than  the southern,  and  be c a use  of this the  g lobu la r  or 
h e a v y  masses  of corals are  more p ronounced  here.  

A spec ia l  i s land,  ca l l ed  Coral  Is land (or in  Arab ic  Jez i ra t  Farun) is found in the 
nor thern  par t  of the  Gulf  of Ei lat  {29~ , N). This i s land  is a metamorphic ,  m a g m a t i c  
rocky f ragment  s e p a r a t e d  from the l and  b y  a nar row deep  channel .  The i s land  has  s teep  
slopes,  p l u n g i n g  into the  deep  sea, e spec ia l ly  on its eas t e rn  and  nor thern  side. The 
southern  s ide  is flatter, and  here  a coral  pa tch  reef  is formed.  On this i s l and  wel l  
p r e se rved  a rchaeo log ica l  r emains  are  found of s t rongholds  from the Byzant ine  and  ear ly  
A r a b i a n  t imes.  Al l  this toge the r  m a k e s  the  Coral  I s land  a wor thy  reserve.  At  a si te on the 
oppos i te  shore, faci l i t ies  are p rov ided  for tourists.  

M a n g r o v e  r e e f  

Mangrove  forests are  the  t r a d e - m a r k  of sha l low wate r  mar ine  and b rack i sh  es tuar ies  
of the  t ropica l  and  sub t rop ica l  regions ,  w h e r e  they  form ex tens ive  habi ta t s  (Fig. 6), 
composed  of t rees  from severa l  families,  al l  of t hem a d a p t e d  to h igh  sa l in i ty  and  
evapora t ion  (Leshem & Levison, 1977). In the southern  Red Sea, severa l  mangrove  
spec ies  form extens ive  habi ta ts ,  whi le  only one, Avicennia marina, advances  toward  the 
most  nor thern  l imits  of mangrove  dis t r ibut ion,  forming two groves on the Sina i  Penin-  
sula. One of these  is s i tua ted  in the Gulf  of Eilat,  b e t w e e n  Shurat  el  M a n q a t a  (28~ ' N) 
and El-shi ra  el  G h a r g a n a  (28~ forming severa l  s u b d i v i d e d  groupings .  Rising above  
the sea  leve l  b e t w e e n  the flat and  deso la te  deser t  from the east,  and  b e t w e e n  the coral  
reef  and  b lue  sea  in the  west,  this mangrove  oasis is excep t iona l ly  beaut i ful .  Birds b r e e d  
in the  t ree tops, and  crabs,  mol luscs  and  corals h a n g  on the t r e e s ' s u b m e r g e d  parts .  The 
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Fig. '6. Aerial view of a mangrove reef 

shoreline,  formed mostly by a l luvial  salty silt and  juveni le  conglomerates,  meets  a large, 
silty sand flat, that part ly covers the subfossil, dead l imestone of corals. This flat is the 

habi ta t  of a dense  popula t ion  of various ghost crabs (Ocyfloda sarratan, Dotilla sulcata] 
and  three species of the f iddler  crabs (Uca spp.). Dur ing  low tides these flats swarm with 
crabs, which feed, dig or display for mates. In the middle  of the flats the aerial  roots of 
Avicenia marina beg in  to appear  and, approaching  the subt idal  zone, the trees become 
denser  and  taller. As reported by several  authors (Fishelson, 1971; Por et al., 1977) these 
trees form a u n i q u e  habitat,  popula ted  by many  inver tebrate  species and  several  species 
of fish. Seawards large dissolut ion pools are formed, passages  wi th in  the coral reef tissue 
a long which the warmed  up, oxygen-poor  ebb wter  leaves the littoral and  cooler oxygen- 
enr iched  open-sea  water  enters  the mangrove  region. The stabil i ty of the in terna l  part of 
this u n i q u e  mar ine  reserve depends  totally on the regular  in te rchange  of waters. Toward 
the sea, a large coral platform frames the mangroves.  This platform is eroded on its upper  
surface and  rich in  corals and  fish on its fore part, which p lunges  into the depth of the 

Gulf. 
An  addi t ional  grove of Avicenia marina is s i tuated in  a shallow channe l  that 

separates a Pleistocene reef platform on Ras M u h a m m a d  from the m a i n l a n d  platform. 
Here the trees form an  al ley along the channel ,  rich in  animals  typical  for such habitats.  
It seems that in  both sites, the mangroves  of Sinai  are s i tuated on brackish water  that 
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seeps unde rg round  and  flows into the sea. Such brackish waters  have also b e e n  found in  
deep cracks formed on Ras M u h a m m a d  dur ing  very recent  tectonic movements .  

MARINE RESERVES IN THE GULF OF SUEZ 

The Gulf of Suez will  play a very important  role in  the deve lopment  of oil technology 
in Egypt, and  so major  hopes for larger reserves and  protected areas are unrealist ic.  
Nevertheless,  there are several  reef sites a long the Sinai  coast that are worthy of 
protection. These inc lude  coral reefs south of Et-Tour, at Sheikh Raikh, the outer reefs of 
Ras Garra and  some reefs in  the Strait of Gubal .  Some shallow sand bays a long the Gulf 
should be g iven special  status since they are important  nes t ing  grounds  for the sea- 
turtles, Dermochelys coriacea and  Chelonia mydas. It seems to me that if more research 
were to be put  into this Gulf, a modus v ivendi  could be found to permit  p l a n n e d  
technological  deve lopment  as well  as mar ine  life preservation.  

MANAGEMENT OF THE MARINE RESERVES 

Following the f inal  decision on where  the reserves will  be  situated, a chart was 
prepared and  this was adopted by the Legislature of Israel. The Nature Reserves 
Authority provided special  funds for mark ing  borders of the reserves and  put t ing  up 
signs in  Hebrew, English, French and  Arabic, concern ing  regulat ions  on h u m a n  activi- 
ties wi th in  the reserves. Along the coastl ine wardens  have b e e n  organised and equ ipped  
with vehicles.  These wardens  were responsible  for control l ing the area wi th in  their 
jurisdiction, from Eilat to Ras Muhammad,  and  from there a long the Gulf of Suez. With in  
the mar ine  reserves, local watchers were hired from among  the Bedouin, and  those 
l iv ing on the spot were able  to keep an  eye on the reserve. For these people  a simple set 
of regulat ions  was provided: (1) No entry into the mar ine  reserve water  with any kind of 
collecting ins t ruments  is a l lowed (except scientists with special  permission). (2) No 
collecting on the shore is allowed. (3) Any damage  wi th in  the coral region is punishable .  

To s t rengthen  the authority of these Reserve Guards, they receive special documents  
similar  to those used by police officers. Furthermore, courses for the mar ine  reserve 
wardens  were organised to teach them about  the ecology and  biology of coral reefs, fish 
biology and problems of pollution. Colourful leaflets were dis t r ibuted for the genera l  
publ ic  and  numerous  talks and  articles were broadcast  and  pr in ted in  newspapers .  
Parallel  activities were carried out by  members  of the Association for the Protection of 
Nature and by univers i ty  people concerned  with conservat ion and  protection. All these 
activities were possible thanks  to the warm approval  and  helpfulness  of the mili tary 
command in Sinai. Along the shore, be tween  the mar ine  reserves, f ishing grounds were 
open on a part  of which only the local Bedouin popula t ion  was al lowed to fish, us ing  the 
ancient ,  non-dest ruct ive  fishing methods. 

All these measures,  accompanied  by enforcement  and  pun i shmen t  enab le  us to 
establish a firm protection of these beaut i ful  and  u n i q u e  species-rich habitats.  Now, with 
the coming of peace these territories are be ing  re turned  to Egypt and  we hope that the 
protection of these mar ine  reserves will  cont inue:  
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