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Abstract A coral dam age index (CDI) is provided , to 
screen sites to  ob ta in  a perspective on the extent and  
severity of physical dam age to coral. Sites are listed as 
“h o t  spots” if in any transect the percent of broken  
coral colonies (BCC) is greater th an  or  equal to  4 %  o r  if 
the percent cover of coral rubble  (CR) is g rea ter  th an  or 
equal to  3% . T o  dem onstra te  its utility, the C D I  is 
applied  to a  real-life m anagem ent s itua tion  off Hurg- 
h a d a  and  Safaga, Egypt in the Red Sea. T h e  exten t of 
coral dam age  covered all four diving sites. F o r ty  p e r 
cent of  all the transects were “ho t spo ts” th a t  required 
m an ag em en t  action. T hirty -one percent o f  the  16 “ho t 
sp o t” transects  were identified by b o th  b roken  coral 
an d  rubb le  criteria, 25%  by only b roken  coral criterion 
an d  44%  by only coral rubble  criterion o f  the CD I, 
suggesting th a t  past breakage was responsible  for m ost 
of  the observed damage. Sixty-three percen t o f  the  “ho t 
sp o t” transects  were a t  4 m  depth  versus 37%  a t 8 m 
dep th ,  suggesting th a t  m ost of the  dam age  was caused 
by anchors  dragging  across the reef in  shallow  water. 
T he  severity of  coral damage, reflected by CR, was the 
greatest a t  Small Giftun in transect 5 at 4 m  depth  
(333% above  the CDI). E l  F an o u s  experienced the
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m ost severe degree o f  b roken  coral dam age (325% 
above the CD I) a t  8 m  depth  along transect 2. Esti
mates of the  n u m b er  o f  dives per year show diving 
carrying capacities for El Fanous, G o t ta  Abu R am ada, 
Ras Abu Som a and  Small G iftun being exceeded by 
large am ounts . The C D I  can be used globally to; gauge 
the severity and  exten t of dam age, focus m anagers  on 
areas th a t  need m o o r in g  buoys and  associated dive site 
m anagem ent p rogram s, and provide a starting  point 
from which to  focus m o re  detailed coral reef assess
m ents and  res to ra t ion  program s.
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Introduction

As the popu larity  of recreational scuba diving in
creases, the physical d am ag e  to  coral reef organisms 
caused by anchoring  a n d  divers has become a m ajor 
concern of coral reef m anagers. In the Red Sea, Riegl 
and  Velimirov (1991) found  tha t  off Eilat, Israel and 
H urg h ad a ,  Egypt, b reakage  of coral by h u m an s  was the 
m ost co m m o n  dam age ca tegory  and  tha t  it was signifi
cantly  higher on highly frequented reefs. D am ag e  was 
m ost frequent within the  first 10 m  depth. A significant 
difference in the am o u n t  of corals overgrow n by algae 
was found on the reefs n ea r  H u rg h a d a  com pared  with 
o ther  reefs s tudied and this was correla ted  with the 
occurrence of tissue loss a n d  breakage. In all cases of 
dam age, Acropora  was the  m ost frequently affected 
genus while M illepora dichotoma  was the  m ost affected 
species. O n  Red Sea fore-reef slopes, H aw kins and 
Roberts  (1992) also found there were significantly 
m ore  dam aged colonies, loose coral fragments, and 
partially  dead or  ab raded  corals in areas heavily used 
by divers th an  in  control areas. H aw kins and  Roberts
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(1993) quantified the effects o f  tram pling on  reef-flat 
com m unities  by divers walking from shore to  the reef 
edge off Sharm  el Sheikh, Egypt.

Researchers in o ther  parts  of the world  have also 
confirmed diver-related impact as a m a jo r  m an ag e 
m en t concern  within m arine parks. D eg rad a t io n  of 
coral reefs by reef-walkers has been described by 
W o o d la n d  and  H o o p e r  (1977), Liddle and  K ay  (1987), 
K ay  and  Liddle (1989), and  Neil (1990). D eg rad a t io n  by 
scuba  divers has been docum ented off Austra lia  by 
R ouphae l  a n d  Inglis (1995) and D avis et al. (1995), in 
the C aribbean  by Rogers et al. (1988), D ixon  et al. 
(1993, 1994) and  C hadw ick -F urm an  (1996), a n d  off 
F lo r id a  by T ilm an t  and Schmahl (1982) and  T ilm ant 
(1987).

D iver carrying capacities, usually expressed as the 
n u m b e r  of dives per  site per year, is a m easure  of  the 
n u m b e r  of  divers a  reef can tolerate w ithout becom ing 
significantly degraded, and also plays an  im p o r ta n t  
role in the m anagem en t of physical dam age on  a coral 
reef. Salm (1986a, b) in troduced the concept o f  diver 
carry ing  capacity. In  the Bonaire M arine  P a rk ,  D ixon 
et al. (1994) found that m ost divers seldom venture  
fu rther th an  300 m  in one direction and tha t  there  was 
a decreasing physical im pact on reef com m unities  with 
increasing distance from a m ooring  buoy. A naly
zing coral cover, they estimate tha t  the diver carrying 
capacity  th reshold  for the Bonaire M arine  P a rk  is 
between 4000 and 6000 dives per site per year. Survey
ing the percent of dam aged coral colonies in the 
Red Sea Ras M o h am m ed  N ationa l  Park ,  H aw kins  and  
R oberts  (1997) suggest 5000 to  6000 dives per site 
per year as a  good  rule of th u m b  in the absence of 
site-specific data . Sam pling a suite of invertebrates 
(hard  corals, soft corals, sea fans, b ranch ing  h y d ro 
corals, a n d  erect sponges), C h ad w ick -F u rm an  
(1996) found the  threshold for diving sites in the 
U S Virgin Islands to  be only 500 dives per site per 
year a n d  a t tr ibu ted  this significantly lower estim ate  to  
the  fragility of the  various reef organism s in the  study 
area.

C ora l  reef diver carrying capacities are  usually very 
sensitive political and  econom ic subjects because sport  
diver volum e directly im pacts  local and  regional tourist 
economies, and because unders tand ing  of  this subject 
by scientists, m anagers  and  politicians is still very lim
ited. D iver  carry ing  capacities are  rarely considered 
“up -fron t” by planners  and  developers. As a  result, 
coral reef m anagers  in m an y  areas have to  fight uphill 
battles  to convince authorities to  limit spo r t  diving 
volume. In areas  where new development is be ing  p lan 
ned (i.e., the Sou th  C oast  Touris t  Area off A qaba, 
Jo rdan),  diving carrying capacities can be used to  effec
tively design the size and  configuration  of the  tourist 
deve lopm ent so it is in balance with po ten tia l  diver- 
related econom ic  revenues. Effective diver education  
p ro g ram s can allow coral reef m anagers  to  increase 
carry ing  capacities (Medio et al. 1997). M o o r in g  buoys

an d  the m a n a g e m e n t  of the  n u m b er  of vessels using 
m ooring  buoys w i th  respect to  time and  location are 
o ther effective tools c o ra l  reef m anagers  use in reducing 
the an ch o r  and  d iv e r  d am ag e  to  coral reefs. By requir
ing vessels to  use m o o r in g  buoys and  limiting the 
n um ber  of buoys a n d  boats  using the buoys, coral reef 
m anagers  can effectively im plem ent carry ing  capacity 
program s.

H otel resort a n d  o th e r  deve lopm ent a long  the coast 
of Egypt is p ro ceed in g  rapidly, and  th rea ten ing  valu
able coral reef ecosystem s (Jam eson et al. 1995). Effec
tive coral reef m a n a g e m e n t  p rog ram s are  critical to 
sustainable  tourism  strategies for the  Red Sea (Reeve et 
al. 1998). A lthough E g y p t’s coasta l  zone m anagem ent 
p rog ram  is still in t h e  process of developm ent, a  n u m 
ber of m arine p ro te c te d  areas have been designated and 
are being adm in is te red  by the E gyptian  Environm ental 
Affairs Agency’s (EEA A ) D ep a r tm en t  of P rotectorates. 
Since the late 1980s, a n d  with the  s u p p o r t  of the E u ro 
pean U nion , Egypt in itia ted  active m anagem en t pro
gram s in the w orld -renow ned  Ras M o h a m e d  N ational 
P a rk  and, m ore recently , in the N a b q  a n d  A bu G alum  
M an ag ed  Resource P ro tec ted  Areas of S ou th  Sinai. By 
inaugura ting  the S o u th  Sinai P ro tec ted  Areas Program  
s imultaneously w ith  the rap id  increase of  hotel devel
opm ent, it has been  possible to  m an ag e  the develop
m ent process with a  m easurab le  degree of effectiveness. 
However, even with these efforts, the  n u m b er  o f  tourists 
visiting the Ras M o h a m m e d  N a tio n a l  P a rk  now ex
ceeds 500000 v isitors per year a n d  individual dive-boat 
m oorings are es tim ated  to  experience up to  20 000 dives 
per year (M edio e t  al. 1997). H aw kins and  Roberts 
(1992) expressed co n cern  over the  future rap id  expan
sion of divers using reefs off S h a rm a  el Sheikh, Egypt 
an d  predicted that such  levels w ould  be unsustainable 
an d  cause serious reef degradation. D am ag e  due to 
divers is now the m a in  cause of  coral m orta li ty  at the 
m ost heavily used sites of the Ras M o h a m m e d  N a tio n 
al P a rk  (Medio et al. 1997) and qualita tive studies have 
d em onstra ted  differences in live coral cover between 
heavily used and u n used  areas.

U nlike  the Sinai, tourism developm ent on the 
1000 km  western c o as t  of the E gyp tian  Red Sea (Fig. 1) 
has proceeded w ith o u t  an  active m arine  m anagem ent 
system in place. T h e  E lba P ro tec to ra te  (designated in 
1986 and  am ended  in 1995) includes a  large land mass 
in the sou theas te rn  section of Egypt, 22 Red Sea Is
lands, and  all m an g ro v e  stands a long the western Red 
Sea coast. F o r  m a n y  years before the designation  of the 
E lba  P ro tec to ra te  a n d  until 1997 (when a ranger  en
forcement unit was established ou t o f  H u rg h a d a  by 
EEA A  w ith su p p o r t  from the U n ited  States Agency for 
In te rna tiona l  Development), m anagem en t o f  diving 
and  anchoring  a t  dive sites along the  western  Red Sea 
coas t  was non-existent. As a result, the  large n um ber  of 
diving vessels (estimated a t  abou t 60-100 full-time op 
era tors ,  with seasonal variation) and  active dive centers 
(abou t 80) opera ting  in the H u rg h a d a  area  have had
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F ig . 1 L o ca tio n  o f d i\ ing sites off H u rg h a d a  a n d  S afaga, E g y p t in 
th e  R ed Sea. * =  1996 tran sec t site, S =  c o n tro l site , +  =  1987 
R iegl a n d  V elk im ero \ (1991, 1994) tra n se c t  site

free reign to  operate  unsupervised in the Protec tora te . 
This  has caused considerable physical dam age  to  coral 
reefs (Jameson and Smith 1997, Jam eso n  et al. 1997).

In fo rm ation  for accurately  evaluating  the condition  
o f  diving sites is critical for effective m anagem ent. T o  be 
useful, m onitoring  program s m ust be designed with 
scientific and m anagem ent questions in mind, and  their 
developm ent and im plem enta tion  m ust involve m a n 
agers a n d  user g roups to the  m ax im u m  extent possible. 
A par t icu la r  need is the ability to  quickly  and  accura te 
ly assess the condition  o f  ecosystems and the level of 
environm enta l threats  (Eakin  et al. 1997). C ora l reef 
b io indicators lag far behind freshwater and  estuarine 
m arine  b iom onito ring  p rogram s, m an y  of which have 
undergone  extensive calib ra tion  and  have been de

veloped into m ulti-m etr ic  indexes of biotic  integrity 
with well-defined in te rp re tive  frameworks. M a n y  of 
these indexes result in  the calculation of a simple 
numerical “score” for a  particular  site, which can then 
be com pared  over t im e  or with o ther sites. Such 
rankings have an  in tu itive  appeal to  resource managers 
and users, and  can be a n  effective m eans of galvanizing 
political willpower tow ard s  pollu tion  prevention and 
conservation activities (Jam eson et al. 1998).

T he  purpose  of  this study  is to  provide coral reef 
m anagers  with a  too l,  a coral dam age index (CDI, 
Table  1), to  screen la rge  num bers  of diving sites to 
ob ta in  a perspective on  the extent and  severity o f  phys
ical dam age  to  coral (not the cause of damage). To 
dem onstra te  its utility, the C D I  is applied to  a real-life 
m anagem en t s itua tion  in the Red Sea. The C D I  also 
provides m anagers  w ith  an  unders tand ing  of which 
sites need m o o r in g  buoys  and  associated dive site m a n 
agement p rogram s, a n d  provides a  starting  po in t  from 
which to  focus m ore  detailed  coral reef assessments and 
restora tion  p rogram s. T he  criteria for the C D I  are 
supported  by best available d a ta  from the Red Sea and 
Caribbean. T he  C D I  can be useful to  coral reef 
m anagers w orld-w ide a n d  can also be a  meaningful 
add ition  to  m ulti-m etric  indexes for coral reef ecosys
tem assessment.

M ethods

T h e  c o ra l d a m a g e  index

B ro k en  co ra l a n d  c o ra l ru b b le  a re  th e  life fo rm s used for th e  C D I 
(T ab les 1 an d  2) becau se  th e y  b est rep re sen t p as t (rubb le) an d  m ore 
recen t (b ro k en  co ra l) p hysica l d a m a g e  to  co ra l on  reefs.

C o ra l d a m a g e  ind ex  c rite ria  ju s tif ic a tio n s

T h e  C D I c r ite ria  a re  ju stified  u sin g  d a ta  from  th e  R ed Sea and  
C a rib b e a n  (T ab le  3 a n d  Fig. 2). D a ta  from  m in im ally  im p a ire d  sites, 
co llected  in 1987 by Riegl a n d  V elim irov  (1991, 1994), p rov ided  
a  baseline p ersp ec tiv e  fo r b re a k a g e  a n d  ru b b le  fo rm a tio n  th a t  w as 
m in im ally  affected  by  a n th ro p o g e n ic  im p ac ts  o r  n a tu ra l d isasters 
(T ab le  3). A t these  s ites , d i \ in g  a n d  a n c h o rin g  ac tiv ity  w as very  low , 
fo r 1987 s ta n d a rd s , because  these  sites a re  lo ca ted  fu rth e r  from  
H u rg h a d a  a n d  a re  n o t  su itab le  fo r  a n c h o rin g  in s to rm y  seas (Riegl 
a n d  V elim iro v  1991). C o ra l d isease  a n d  A can thaster  im p ac ts  w ere 
m in o r  (Riegl a n d  V elim iro v  1991, 1994). H u rric a n e  d a m a g e  w as no t 
a fac to r  b ecau se  E g y p t is no t su b je c t to  cyclon ic  s to rm s  (H aw kins 
an d  R o b e rts  1997).

T able 1 C o ra l d a m a g e  index. S ites a re  listed  as “h o t sp o ts” (cand i
d a te s  fo r fu rth e r  m o n ito rin g , asse ssm en t a n d  'o r re s to ra tio n )  if  they 
fail any  o ne  o f  th e  c r ite ria  for a n y  tra n se c t

C oral dam age index

T h e  p ercen t o f  b ro k e n  coral co lo n ics is g re a te r  th a n  o r  eq u a l to  4 % , 
o r  th e  p e rcen t c o v e r  o f  coral ru b b le  is g re a te r  th a n  o r  eq u a l to  3% .
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T able 2 Life fo rm  ca tegories 
u sed  in  th e  c o ra l d am ag e  index 
a n d  sa m p le d  fo r  a t  five d iv ing  
sites in  th e  E g y p tia n  R ed  Sea

Life fo rm  ca teg o ry C h a ra c te r is t ic s

B ro k en  C o ra l. E xpressed  as p e rcen t b ro k en  co ra l 
co lo n ies (BCC ). By using  p e rcen tag es ra th e r  th an  
n u m b e rs  we fac to r  o u t  th e  p o ten tia l co n fo u n d in g  
effects cau sed  by  d ifferences in co ra l cov er w hich 
ex ist a m o n g  sites  (H aw k in s  a n d  R o b e rts  1997).

C o ra l R u b b le  (CR). E xpressed  as p ercen t co v e r o f 
c o ra l rubb le .

B ro k e n  (an y  p a rt)  o r  o v e r tu rn e d  live c o ra l colony 
w ith  n o  ex ten siv e  re g e n e ra tio n  o r  callus 
fo rm a t io n . N o n -a tta c h e d  b u t o th e rw ise  live 
c o lo n ie s  w ere  classified  as b ro k e n  if th e re  was 
v is ib le  e v id en ce  th a t  th e  stem  h ad  b e e n  b ro k en  off 
(R ieg l a n d  V elim iro v  1991, H aw k in s  a n d  R oberts 
1997).

U n c o n s o l id a te d  d ead  co ra l frag m en ts  (English 
et a l. 1997).

Table 3 M e a n s  a n d  s ta n d a rd  e rro rs  o f  p e rcen t b ro k e n  c o ra l co lon ies 
(B C C ) a n d  p e rcen t cover o f c o ra l ru b b le  (C R ) from  su rveys c o n d u c 
ted  in 1987 a t  five m in im ally  im p a ire d  sites o ff H u rg h a d a , E gyp t by 
R iegl a n d  V elim irov  (1991, 1994). T ra n se c t len g th  w as 10 m . T ra n 
sec t d e p th s  a re  in 1 m  d e p th  in te rv a ls  (i.e., if  th e re  a re  12 tran sec ts  
th e y  a re  c o n tin u o u s  from  1 m  to  12 m  dep th). T h e  29 tra n se c ts  from  
th e  S h a a b  A b u  R im a th i (alias G o t ta  A bu  R a m a d a )  a re  th ree  series 
f ro m  1 -1 0  m  d e p th , n  =  n u m b e r  o f tran sec ts

D iv in g  site n B C C  (SE) C R  (SE)

S h a a b  D o rfa 11 6.1(4) 1.9(1.9)
A b u  H ash ish 12 3.2(2) 0.8(0.5)
S h a a b  A b u  R im ath i 29 0(0) 0(0)
G u b a l S ag h ir 17 0.23(0.2) 0(0)
E l E rg 12 2.6(1.7) 0(0)
P o o le d  M e an 81 1.7(0.7) 0.4(0.3)

o  Saba 
® Bonaire 
■ Egyptv *  -i C  Q) 1 6

« 12

5000 10000 15000 20000
No. o f dives pe r year

F ig . 2  Effects o f  sc u b a  d iv ing  o n  c o ra l d a m a g e  levels in E gypt, 
B o n a ire  a n d  S aba. Increases in d iv er use re su lt in a n  e x p o n en tia lly  
in c reas in g  level o f  d am age. F ig u re s  sh o w  th e  m e a n  an d  s ta n d a rd  
e r ro r  fo r  m e a su re s  o f d am ag e  a t  each  d ive site  in each  lo ca tio n , 
n  =  214 sam ples. F ro m  H a w k in s  an d  R o b e rts  (1997)

F o r  d iv in g  sites in 10-15  m  d e p th s  off S ab a , B o n a ire  a n d  E g>pt, 
H a w k in s  a n d  R o b e rts  (1997) fo u n d  th a t  th e re  w as e x p o n en tia lly  
in c reas in g  levels o f co ra l d a m a g e  b ey o n d  th e  p o in t  w h ere  dives 
p e r  y e a r  exceeded  5000-6000  a n d  w here  d a m a g e d  c o ra l co lo n ies 
exceeded  4 %  (Fig. 2).

T h e  fo llow ing logic w a s  used  in d e te rm in in g  th e  final values for 
th e  criteria:

1. P ercen t o f  broken  co ra l colonies g rea ter than or equal to 4% . 
M o re  w eigh t w as g iv en  to  th e  H a w k in s  a n d  R o b e rts  (1997) d a ta  
w hen d e te rm in in g  th is  c r i te r io n  value. T h e  4 %  v a lu e  a lso  fell w ithin 
th e  range o f  b ro k e n  c o lo n y  d a ta  from  1987 p resen ted  in T ab le  3 
(Riegl an d  V elim irov 1 9 9 1 , 1994). U s in g  o u r  G iftu n  C a n a l con tro l 
site  as a  check , th e  c r i te r io n  v a lu e  w as 1%  ab o v e  th e  highest 
p ercen tag e  o f  b ro k e n  c o ra l  co lo n ies re co rd ed  a t  th is  m in im ally  
im paired  site.

2. P ercent o f  coral ru b b le  value o f  g rea ter than or equal to 3% . 
Since ru b b le  refe rence d a ta  w as m o re  lim ited  g eo g rap h ica lly  th an  
b ro k en  co lo n y  d a ta , m o r e  w eigh t w'as g iven  to  th e  h ig h es t rubb le 
value  (1 .9% ) reco rd ed  in  th e  1987 refe rence sites listed  in  T ab le  3. 
O n e  p ercen t w as a d d e d  to  th is  va lue  to  a llow  for a  c e r ta in  deg ree  o f 
sa m p lin g  e r ro r  v a r ia b il ity  an d  it w as ro u n d e d  off to  th e  nearest 
p ercen t (3% ). U s in g  o u r  G iftu n  C a n a l c o n tro l site  as a  check, the 
final c r ite rio n  v a lue  w a s  1%  ab o v e  th e  h ig h est p e rc e n ta g e  o f  b roken  
co ra l co lo n ies re c o rd e d  a t  th is  m in im ally  im p a ire d  site.

Red Sea d ive site  su rv e y  m e th o d s

F o u r  sites  w ere se lec ted  in a re a s  frequen ted  by  d iv in g  vessels in the 
H u rg h a d a  (G o tta  A b u  R a m a d a , Sm all G iftu n , El F a n o u s)  and  
S afaga (R as A b u  S o m a) a re a s  (T ab le  4). T h e  G lo b a l C o ra l Reef 
M o n ito r in g  line in te rc e p t tra n se c t m e th o d  (E nglish  et al. 1997) w as 
used to  sa m p le  th e  d a m a g e  in 1996. A t each  site, five 20  m  long 
rep lica te  tra n se c ts  w ere  p laced  h a p h a z a rd ly  a lo n g  th e  ree f slope a t 
4  a n d  8 m  d ep th . A 10 m  tra n se c t leng th  w as d e te rm in ed  as a d eq u a te  
using  a  sp e c ie s-tra n sec t len g th  curve. H o w ev er, a  20 m  transect 
leng th  w as ac tu a lly  u se d  to  be  co n sisten t w ith  G lo b a l C o ra l Reef 
M o n ito r in g  N e tw o rk  p ro to c o ls  (English  et al. 1997). All beg inn ing  
an d  end  p o in ts  o f  tra n se c ts  w ere  m ark ed  w ith  steel ro d s . F o r  easy 
iden tifica tio n  a n d  re lo c a tio n , yellow lags d e n o tin g  “P a rk  S tu d ) S ite” 
w ere a t ta c h e d  to  tra n se c t ro d s  an d  w hite  cab le  ties w ere  a t ta c h e d  to 
th e  su b s tra te  n e a r  th e  ro d . G if tu n  C a n a l, a  m in im ally  im p a ire d  site 
th a t  is re la tiv e ly  u n k n o w n  by  divers, w as u sed  as th e  con tro l. 
B ecause o f  th e  ex ten siv e  a m o u n t o f d iv in g  o c c u rr in g  in  th e  study 
area , it w as im possib le  to  find  a perfect c o n tro l  s ite  w ith  n o  im pacts 
occu rring . W hile  on  s ta tio n  (from  ap p ro x im a te ly  0900 to  1600 LT), 
da ily  o b se rv a tio n s  w ere  m ad e  o f  the n u m b e r  o f  b o a ts , n u m b e r  of 
a n c h o rs  o n  th e  reef, n u m b e r  o f d ivers a n d  n u m b e r  o f  sno rkelers 
(T ab le  5).
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R esu lts

Table 4 E x te n t o f co ra l d a m a g e  a t d iv ing  sites in th e  E g y p tian  R ed Sea expressed  as p e rcen t o f  b ro k e n  co ra l co lo n ies (BCC) a n d  percen t 
co v e r o f  co ra l ru b b le  (C R ).T ran sec ts  w ere lo ca ted  a t  4 an d  8 m  d ep th s . T  =  tra n se c t n u m b er, C S  =  c o n tro l site , * =  “h o t sp o t” (i.e. BC C 
values o f  4 %  o r  g rea te r , C R  valu es o f  3 %  o r  g rea te r)

D ive  S ite  L o c a tio n T1
B C C  C R

T 2
B C C  C R

T3
B C C  C R

T 4
B C C C R

T5
B C C  CR

E l F an o u S '2 7 °1 6 .0 6 ’N , 33 53.20’E 
4 m 0 0 0 5* 0 /0 0 0 4*. 7*
8 m 0 ,0 17* 0 5* 1 0 0 0 0
G o tta  A b u  R a m a d a  27 09.26’N , 33° 57.90’E 
4 m 3/4* 0 '8* 0 0 0 0 0 /0
8 m 3 0 0 0 0 ,0 0 0 0 /0
R a s  A b u  S om a 26 50.29’N , 3 3 ' 59.80’E 
4 m 2 9* 0 0 2 2 4* 2 2 6*
8 m 0 0 0 0 0  0 4* 4* 1 8*
S m all G iftu n  27C10.15’N , 3 3 ' 50.85’E 
4  m 0 0 0 0 8* 10* 7* '0 8* 13*
8 m 0 0 0 0 3 6* 0 0 4* 5*
C S  G iftu n  C a n a l 27 10.02’N , 33° 50.07’E 
4 m 0 0 3 '2 0 0 0 0 0 0
8 m 0 /0 0 0 0 '0 3 2 0.0

Table 5 N u m b e r  o f  daily  
o b se rv a tio n s , from  
a p p ro x im a tc l)  0 900-1600  LT, 
w ith  m ean s  (SE), o f  n u m b e r  o f 
b o a ts  (B oats), n u m b e r  of 
a n c h o rs  on  th e  ree f (A nchors), 
n u m b e r  o f d ivers 
(D ivers) e s tim a ted  d ives per 
y e a r (D P Y  -  assu m in g  tw o  dives 
p e r  d iv er an d  d iv in g  300 d ay s 
p e r  year), an d  n u m b er o f 
sn o rk e le rs  (Snorkelers) fo r the 
five sites su rv ey ed  off H u rg h a d a  
a n d  S afaga, E gyp t, R ed Sea.
CS =  c o n tro l site, * =  H aw k in s  
a n d  R o b e rts  (1997) 
reco m m en d ed  ca rry in g  cap a c ity  
o f  6000 d ives p e r  year exceeded

D ive site  d a te B o a ts A n ch o rs D iv ers  D P Y S nork e le rs

El F a n o u s
03 O ct. 1996 7 14 57 30
11 O ct. 1996 9 18 87 45
M e an s (SE) 8(1) 16(2) 72(15) 43,200* 37.5(7.5)
G o tta  A bu  R a m a d a
12 Sept. 1996 7 10 35 15
13 Sept. 1996 3 6 8 8
M e a n  (SE) 5(2) 8(2) 21.5(13.5) 12,900* 11.5(3.5)
R as A b u  S om a
5 N ov . 1996 6 12 72 30
6 N o v . 1996 6 12 80 35
M ean (S E ) 6(0) 12(0) 76(4), 45,600* 32.5(2.5)
S m all G iftu n
15 Sept. 1996 7 14 74 38
16 S ep t. 1996 27 54 330 160
M e an (S E ) 17(10) 34(20) 202(128) 121,200* 99(61)
C S  G iftu n  C an a l
15 O ct. 1996 2 4 14 0
16 O ct. 1996 1 0 2 0
17 O ct. 1996 1 2 2 0
M ean (S E ) 1.3(0.5) 2.7(1.9) 6(5.7) 3,600 0(0)

D iscussion

Using the C D I as a management tool

T h e  C D I  can be used globally to  gauge the severity and 
extent (but no t exact cause) o f  coral dam age (diver, 
anchor, dynamite, fish trap ,  ch ron ic  coral disease, 
A canthaster infestation, a n d  o r  hurricane-related) be
cause:

1. T he  C D I  uses baseline d a ta  from  Red Sea reefs 
th a t  have been m inim ally  im paired  by these impacts 
(Table 3); and

2. T h e  C D I  is based on d a ta  from minimally im
paired  coral reefs at different locations a ro u n d  the 
w orld  (Table 3 and  Fig. 2).

T he  extent of dam age can be m easured  by the  num ber  
of diving sites with “hot spo ts”, the  percent of transects 
with “ho t spo ts”, the percentage of “hot spo ts” identi
fied by the  two C D I  criteria (singly and  in com bination) 
and  the  percen tage  of “ho t spots” a t  various depths. 
T he  severity of damage can  be m easured as the percent
age ab o v e  the C D I  criteria values with respect to  loca
tion a n d  depth.

T he  resolving power of  the C D I  is dependen t on the 
size o f  the a rea  selected for reference. Therefore, the
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purpose  of the dam age assessment will determ ine the 
focus area of the CD I. In this study, individual transect 
lines provided the right a m o u n t  of resolution for the 
identification of dam aged  areas within diving sites and 
provided  m anagers  with the  in form ation  needed to 
locate  m ooring  buoys and  p lan  res to ra t ion  work. If 
transect d a ta  had been pooled in this study, the  resolu
tion  o f  the C D I would have been reduced and  no t as 
effective in identifying app rop r ia te  “ho t spo ts” for the 
needs of management.

It should be emphasized th a t  this exercise in develop
ing a b io indicator for coral reef ecosystem assessment 
dem onstra tes  the critical value of  historical da ta  from 
minimally impaired coral reefs. T he  C D I  could  have 
been better refined if m ore historical d a ta  from m inim 
ally impaired Red Sea sites -  o r  o ther minimally  im
paired  sites w ithout hurricane  dam age  -  w as available. 
T o o  often, m onitoring  and  m arine  pro tec ted  area  m a n 
agem ent is focused on im paired  o r  th rea tened  sites. As 
a  result, critical baseline d a ta  f rom  m inim ally impaired 
sites is very limited, a lthough  essential for scientists and 
m anagers  trying to  unders tand  the causes and  meaning 
of change on coral reefs.

Red Sea diving sites

T he  focus of this s tudy  was on gauging the extent and 
severity of physical coral dam age  a t diving sites. There 
was 110 way to accurately determ ine the  exact cause(s) 
o f  the physical coral damage. In  this study, results may
be confounded by natura l physical d am ag e  i.e., b reak 
age by other m arine organisms, predation , natural 
disease, o r  b ioerosion. Riegl a n d  Velimirov (1991) m en
tioned  the problem  of accurately  in terpre ting  the 
causes for observed physical dam age  and  found  it diffi
cult in many cases to  differentiate between n a tu ra l  and 
m an-m ade  damage. M ore  recently, dynamite-related 
d am ag e  patterns in the Red Sea were described by 
Riegl and Luke (1998) w ho showed th a t  specific types 
of user dam age created distinct dam age  pa tterns ,  which 
allowed them to ex trapola te  to  causes. Q uantita tive

surveys by team  m e m b e rs  (Tables 4  and 5) as well as 
qualita tive obse rv a t io n s  by experienced divers and 
boa t  skippers o p e ra t in g  in th e  study a rea  since 1985 
strongly suggest th e  dam age  described in this paper is 
overwhelmingly a n c h o r  and  diver-related.

The extent o f  c o ra l  d am ag e  covered all four diving 
sites. F o r ty  percent o f  all the  transects  were “hot spots” 
tha t  required  m a n a g e m e n t  action. Ras A bu Som a and 
Small G iftun were the  m ost dam aged  sites (five “hot 
spots” each), fo llow ed by El F a n o u s  (four “h o t  spots”), 
and  G o t ta  A bu R a m a d a  (two “ho t spots”). Thirty-one 
percent of the 16 “h o t  s p o t” transects  were identified by 
both  b roken  cora l a n d  rubb le  criteria, 25%  by only- 
b roken  coral c r i te r ion  and  4 4 %  by only coral rubble 
criterion of the  C D I .  This suggests th a t  past breakage 
was responsible fo r  m ost of the  observed damage. 
Sixty-three percent o f  the “h o t  spo t” transects  were at 
4 m dep th  versus 3 7 %  a t 8 m  depth, suggesting that 
m ost of the d a m a g e  was caused by anchors  dragging 
across the reef in sha llow  w ater  (Table 4).

T he  severity of  co ra l  dam age  (Table 6), reflected by 
CR, was the g rea tes t  a t  Small G iftun in transect 5 at 
4 m depth  (333% over  the C D I  criterion value). T ra n 
sect 3 a t  Small G if tu n  in 4 m  depth  also experienced 
considerable d a m a g e  reflected by a C R  value of 233%. 
El F an o u s  experienced a severe degree of broken  coral 
dam age (BCC va lue  325%  over the C D I criterion 
value) at 8 m  d ep th  along transect 2. D am ag e  percent
ages, relative to  C D I  values, for o ther “ho t spo ts” are 
show n in T ab le  6.

While the es tim ates  of the  n u m b e r  of dives per year 
in T ab le  5, show ing  diving carry ing  capacities for El 
F anous ,  G o t ta  A bu  R am ada ,  Ras Abu Som a and  Small 
Giftun being exceeded by large a m o u n ts  (and this does 
not include the  d am ag e  caused by snorkelers), is an 
estimate based on limited sampling, it shou ld  never- 
the-less be of m a jo r  concern to  coral reef managers.

M anagement action

In early 1997, using  the results o f  this study, the H urg 
h ad a  E nv ironm en ta l  P ro tec t ion  and Conservation

Table 6 S everity  o f  co ra l 
d a m a g e  in “ ho t sp o ts” 
rep re sen ted  as th e  p ercen tag e  
in c rease  o f  b ro k en  co ra l co lon ies 
(B C C ) an d  co ra l ru b b le  (CR) 
o v e r th e  C D I crite ria  values o f 
4 %  (B C C ) and  3 %  (CR) for 
d iv in g  sites in th e  E g y p tia n  R ed 
Sea. T ra n se c ts  w ere lo ca ted  a t 
4 an d  8 m  dep ths. T  =  tran sec t 
n u m b e r , * =  “h o t sp o t”

D iv e  site T1 T 2 T 3 T4 T5
B C C  C R B C C  CR B C C  C R BCC, C R B C C /C R

El F a n o u s
4  m 0 0 0  67* 0 0 0 0 1*/133*
8 m 0 0 325* 0 25* 1 0 ,0 0 /0
G o t ta  A b u  R a m a d a
4  m 3 '33* 0 T 6 7 * 0  0 0 0 0  0
8 m 3 0 0 /0 0 ,0 O.'O 0  0
R a s A b u  Som a
4 m 2 '2 0 0 * 0 ,0 2 2 1* '2 2 /100*
8 m 0 0 0  0 0 /0 1* 33* 1 167*
S m all G iftu n
4  m 0 0 0 0 100* 233* 75* 0 100*/333*
8 m 0 0 0 0 3 100* 0 0 1* 67*
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Association (H E P C A ) with financial assistance from 
the U nited  States Agency for In te rnational D evelop
m en t and  w ith  the partic ipation of E EA A ’s P ro te c to r 
ates Division, installed over 250 m ooring  buoys (in
cluding reef top  pins) a t  popu lar  local diving sites 
within the H u rg h a d a  Safaga area. M ore  m ooring  
buoys are p lanned  for installation sou th  of  H u r 
gh ad a  Safaga. H E P C A  is also responsible for m a in 
ta in ing  these buoys pins.

M o re  rangers have been assigned to the area, and  
w ork  is underw ay  to  establish a zoning and dive site 
m anagem en t plan.
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