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Summary. 1. This paper summarizes observations performed during 1966, 
1908, and 1972, on coral reef flats 7 km south of Eliat (Gilf of Aqaba, Red Sea) , 
The aim of this research was to describe the change in numbers of living cora~ 
colonies found on the coral tables in connection with pollution occuring in thisl 
habitat. A transect technique, developed by Loya and Siobodkin (1971) was used 
in this research. 

2. In each of the three years, 19 ten metre transects were performed in various 
directions, on the same coral tables. 

3.In 196i6,541 living (oral colonies were cotinted in a total of 190 in of transects. 
At the identical place, this number had decreased to only 195, in 1972. The decrease 
in corals was found to he accompaniied by a prominhmn increase in algae growth, 
that expand and develop, thus covering tihe coral specimens. 

4. Especially sensitive to algal develolnimit are the branching inieropolypal, 
coral species, that are the representatives of the genera A.rrop)or, ,9vritoloro, and 

tylophora. Of the above three genera counted in 196ii, only 10 out, of 192 coloniea 
were found intact, in 1972. 

5. The high mortality of (orals in this lovality ovenred during the years in 

which an oil ternihmal plus a inineral and phosphate loading harbou r were developed 
at Eilat. 

6.The frequent oil spills, together with the phosphate dust that reaches the 
sea, seem to be the factors that, cause eutrophication in the shallow lagoon waters 
of the coral region, and thus the development of algae on the coast of corals is 
stimulated. 

Introduction 

The scientific literature of the last decade is very rich with evidence 
concerning the negative influence of pollution tjn marine ecosystems. In 
all of the sources that I am familiar with, hardly anything is mentioned 
about the effects of pollution on coral ecosystems, except for the destruc
tion of corals, which is caused by the crown-of-thorn staufish, the Acan-
Ihasterplanci;a coral predlator, whose outbreak might have been caused 
by pollution. 

Investigations performed in these regions from 1960 until 1970, 
indicated a high coral species diversity (Fishelson, 1968; Loya and 
* This investigation was partly sponsored by the Smithsonian Institution Grant 
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Slobodkin, 1971; Loya, 1972), even on tie very shallow coral tables, 
which extend along the shore line at 0.20-0.80 in below the main water 
level. 

It should be mentioned that in this region, 1905 was marked as the 
beginning of the Eilat harbour's very active technological (levelop ment, 
which was mainly channelled in two directions: Firstly, an oil terminal 
has been constructed 1.5 kmi north of the Nature Coral Reserve, whereby 
oil tankers have frequently started to visit this region. From tile lbegin

ning, the oil pumping activities caused oil spills, which occured at least 
2-3 times a month. These oil patches, caught by the prevalent N-S 
currents of tie surface water, arc moved within I or Il/. hours, into the 

coral reef region. Such oil patcle.4 are often moved back by sothern 
winds, after they pass the Nature Coral Reserve, and they are therefore 
again forced into the investigated area, where the killing of intertidal 
animal communities, especially those of Iarnacles and limpets (Fislhelson, 

1970) was visible right from the beginning. 

The second aspect of the technological (evelolment concerns the 
main harbour at Eilat, fommml apl)proximnately 0.7 km north of the oil 
terminal, that. was extensively modernized especially for loading of 
large amounts of )hOsphates and other minerals and fertilizers which 
were mined in Israel, and later destined to Mfrica, Australia, and the 
Far East. Front storage houses constructed at the harbour, the aggregated 

phosphates are hladed onto tie shil)s by conveyer belts. This openl 
transport of minerals caused the rise and expansion of dense clouds of 
minerals, during each loading session. TIe N-S wind that, almost con
stantly blow here, move these dusts to the south, over the coral regions 
and shallow waters, where they sink slowly, and are visible in the air, 

lp to a distance of 1.5 to 2.0 kin from the harbour. Using the molybdat
acid reaction, the preliminary analysis of total P within the bottom 
sediments 2.0 ml below the water line, demnonstrates 15 mg P/I in the 
Nature Reserve, as compared to 3 mg P/1 from places 30 km south of the 
harbour (August, 1972). 

3ellhods 

For this ecological investigation, a region situated 7.0 kni south of the harbour 
town of Eilat and declared as a Nature Coral Reserve, was chosen. Using a 10 m 
long line divided into single mevters, 1'ansects were performed during each of the 
years on the sane coral tabls, by means of a teeliiqlue used by Loya and Slobodkin 
(1971) and Loya (1972). All living colonies of coral, found below such an extended 
line, were counted. The first results showed that oil each linar meter, an average 
of 2.0 to 2.5 coral species could e (1ot1ted, and that each 10 amof a transeet crossed 
approximuately 10 to 12 (oral species, including the hydrocoralinean Milleporo 
dicholoma and M. ptyphyllti, which are iluportant reef builders in Ibis area. 

http:0.20-0.80
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Initial measturements perfornled in 1966, showed that along a one 10 lit transeet, 
an average of more than 3) living coral colonies couhl he counted. Each year, a 
total of 19 transects (i.e. 10011) were recorded in various directions of the reef, 
and the results obtained, serve as the basis for this comparison. 

'The central part of the Nature Coral leserve at Ejlit, was first transected in 
11)16, and then retransected in 1968 and 1972, in the same way. 

lesults 

The results of the three samplings of 1966, 1968, and 1972, are demon
strated in Table 1. Two important points are visible from this table. 
Firstly, during the initial stage of research-tbe years between 1966 and 
1968-45% of the living coral colonies wit hin,the transect, were destroyed. 
Comparing the density of the living coral colonies transeet in 1966 and 
1968, it becomes apparent that this degeneration had a dispersed 
character. In 1966, 51.3% of the coral colonies found in transect, with 
a density of :30 to 40 speciiens per 10 in line, whereas in 168, only 
26.5% of the colonies were found ia such a density. This significant 
decrease is even more pronounced when we colmare transects with the 
lowest density of cor ilcohnies. lit 19618, 21.6% of the corals were found 
in densities less than 10 specimens per traiisect. Such a low density 
was not found at all in 196(6. Now a quest ion arises whether this dying 
out of coral colonies involved oily sone taxononical groups of corals, or 
if it is tin formially slpre.ad out a inong most of tie Coral species found on 
the invest igated tables. The invest i-atioul of Fisielson (in press) showed 
that the bush-like Inicropo lylal bnhing forms, suchi as species of he 
genera Acropora, Slylophora, and 'eriafoporfl, arc muel more sensitive 
to severe conditions. sichi as dessieation, brainceohigical than thiti 
like iacropolypal species, such as those from the genera Phdtyyyra, 
Favia, Favies, and Lobophyllia. 

On the investigated talile, coloiies of bush-like coral species were 
found including A croporu varibilis,Slylop/ora pistilhata, *uidSerialopora 

Table 1. Average nunber (%) of living coral colonies in ait1in. Transect (n=11 
transects) in 1166, 1918, and 1972 

19616 1918 1972 

Total living colonies 511 245 195 
One to tell colonies ( 2(.6% :37.4% 
11 to 20 colonies 11.5",, 25.4% 612.5 % 
21 to :30colonies 25.5% 18.5% 0 
31 to 40 colonies 54.3% 27.5% 0 
More than 41 colonies 7.5% 0 0 
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Table 2. 'lho number of Acropora viariabii, Stylophora pi.stlhih, und Serialowa
 
miJulala, within transects of 1966, 11)(8 and 1972 

Transect 1966 1968 1972 
11o. 

Total 192 Total 90 Total 10 

Styl Aer Ser Sty Aer Ser Sty Aer Ser 

1 3 7 3 "3 3 0 0 0 0 
2 3 7 I 4 4 ) 0 1 0 
3 3 2 1 3 0 0 0 1 0 
4 3 0 0 5 7 0 0 0 0 
5 2 3 1 10 0 1 0 1 0 
6 8 4 1 4 0 0 0 0 0 
7 
8 

4 
3 

1 
3 

1 
1 

4 
1 

0
0 

0
0 "2 0 000 0 

9 7 6 0 1. 0 0 0' 0 0 

1o 5 9 0 . 0 .0 0 1 0 0 
1t 9 2 0 '4 0 o 0 1 0o 
12 10 5 1 3', 0,0 0 0 0 
13 2 0 2 4 0 0 0 0 0 
14 9 2 1 " 4 0 0 0 0 '0 
15 2 9 3 0 0 0- 0 1 0 
10 9 5 0 1 0 0, 0 1 0. 
17 2 5. 2 4 0 0 0 0 0 
18 2' 2" 2 ,2 2 0 0 1 0 
19 5' 4 0 4 1 0 0 0 0 

Total 91 81 20 66 2:3 1 3 7 0 

total: Acropora constitutes only 25.5%, while Stylophora pistillata is 

now much more dominating, forming 73.7% of the samlple. 
This species of Sltylophora was found to Ie one of the most,elryelcous 

species of seleractinians in the northern lart of the Red Sea. Tihe colonies 

of this species form extensive growths in thie shallow and "Idinlent rich 
waters of the Gulf of Suez. and t hey even grow attached to tile roots of 
the mangrov J-iiic .fii mm'inta (I'ishelsoi, 19)70). 

Before comparing the fiidings of tihe most recent investigation in 

1972, with those eniiitioned above, it,shothl le enphasized that dhuring 
the middle of 19)70, an (xireillely low wat er level developed in t he iliorthern 
part of the Gulf of A(laba, thus exposing and partly lessicating large 
numbers of coral colonies occurimng oni lie coral tables. The investigation 
that was started in those days and continued until Spring 1972 (Fishelson, 
in press), supported the idea that. a great numler of those (ienu(ed 
colonies would recover, due to their ability to regenerate. It could also 
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be predicted that after this unusual low water level will subside, new 
coral colonies will develo) on the table fr.r the larvae produced by 
intact, sJecimens found in slighly deeper waters. Such develolmient was 
observed on various reefs of ilie Gulf. Unfortunnttely, from January 1971 
until March 1972, 28 large and small oil spills oetinrd in this regiol, and 
consequently, the area thait, once florisheld with ia diverse coral coin
1nunity, ispresently brown-gray,covered by Algae and tiny soft sedimIenit 
(Fig. 1 3). Transects p-erformed ol August 20 to 21, 1972, on tie same 
coral tables as in prvvious years. inplitsized tlhe drastic change that 
occured here during the last years. Out of 190 Illtrillisects, (itlleters 
were found "empty'", without any living elrals, and only covered by 
algae. Along those traistets, 195 coral choltlies wern coulted that were 
actually only 36% of the stock observed ili 1966. Of those 195 eolonics, 
only 109 were seleraet ill ia us, while tile others were Soft illevonaria i 

corals such as: Sin u!ria yra ye, Loboph!lum lauciflorm ,A lc!yon mm /./.l
rufm, Lilhophlh arborum, it- well ats hliehylrcoralinean Jlillcpora
 
dichotoma. It, is importanit to not e t hat JI. dichotoma has not "suffered'" 
too mullch froll the severe Coildit'iols of Ih eilvirollilllent. Illhe trallsect 
of 196, 55 colonies of J11eporw were cond , while 50 werIfound illithe
 
1972 transect.
 

Aiong the bush-like sceractiilia us, formins like Srriufoporu (influ
Italll 
vanished; Acropra iw ia bi is was fmnd to be rer svilit nlvy hy sevell 
colonies (81 in 1966), and Slylophora pi.slilhtla, by threv colonies, that 
are a remnant of the 91 found iii 1966. Table 3Stiiluatrizes lie deisity 
of the coral speci ineis per I1)In tra isects ii enach of the years I9616, 
1968, and 1972. It.is ohvious that not only tli bush-like forms were 
destroyed. There isia great (hciease ill all the ppulntl ion of corals, and to
day, after six years thlt,the studies have been initiated, only 35% of theirs 

Table :3.Density of voral colonies peioimeteelin Ill ll trallseets during 19I66, 1968, 

nell1972
 

Yea rs No. of |ransetis with colonies 

0-1 11-20 21-10 31-40 

11)66 I) 4 6 1)
 
11)(8 5 7 5 2
 
1972 7 12 0 0
 

Fig.2.A (;rowths of the algaelJydrocbthrus luhrulu8on and aniong living coril 
colonies (intho center Phatygyra lainllina). .1 Turbinaria elatesls8 on tlhecoral reef
 

table
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Fig. 4. A An .. oIrw., Ir ,ln oil ,lJanuary 11"72. was fomud dead and 
covered by 1iga' oil Auigus 1!172. H 'l'%%o living l I' ofIni'sI'ltl I ht1(1lliIIt oil(

lw table rI.vef, .iurroondcd b.N grow\ths of v'urim.s ngae 

This vegetation that was o sevrd oil the Coral tal les, always. showed 
some pattern of seasonal fluctuation and succession, as it has in the past. 
As I noted in the initial stages of my research, at Eilat (1953-1963), 
their development usually started whith the wintei drop in water teni
pcrature to 20-21 C in November andl)ecember, and extends until 
the rise in temperature begins in April and May, at. about 24-25' C. 

0/
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During those months, the first algae to develop are those that form low 
covers on the hare, rocky surfaces. Dominating among them are tile ')ille
green Dichotrix spp. mixed with the species of tie irown algae, Sphace. 
laria (S. tribulor'es) the red Herposiphonia anella, .(laia rubens, and 
Diciyoa dicholIoma. \'ithi the onset of winiter, the develol)mnt, of large 
algae started with Enleromorpha Ilopkirki, i'adina paivoia, Cy, oseira 
myrica, anli( some species of the gCemus ,SarJatsumm. The development of 
dense all( thick growths of llydroclalhru., claihraium starls in March 
(Fig. 2 A). Towards April al([ May, the reef flats were usually lominated 
by T''nrbinariaehttcnx.i (Vig. 2 11). \\ith the onset of high water tem
perature in August and Septemher (26-28' C in tle lagoon) as well as 
the developiment of nij tides (l Iash'ls i, in jres'), thle large algae growig 
on the coral flats Cccassiiuially b)ec(ati, C'XposC(I, civeied by growths of 
fiIlanentous algae, and killedI. By this time, ithle )ictyofit dichotoma. 
Dichot'ix pnicillahi algal ('c 'r hecamue 2 IC) :1 cui thick, coveving and 
killing everyt hing below ilm. Those alga also hIeca e traps for selimenIs 
that Contrihute o tIhle continuity Co this covet. Ill the past, this dlevelop
meat of algae, their detalchient from I;w substrate, and the reexposition 
of the 1are. rock' surfaces of) itle Coral latform, torm ally hua rked the 
decline of the algal growth. Such substrates provided Iocalities for the 
re-establishlment, of various a nimal Species, ineludi ng corals. 

Today, within the araitiniveCstigatcd, such a de(lCation fromialgae 
is not obser'edI. All the rocky surfaces ate ahvlays covered by carpet
like growtIs of alga,(I)Cvis' .specilIly frou in Ih e getieraIDichotri.', 
Ectocarp.s,, lhceiarwi (FPig. 3 A) as well its bv the leaf-like I'oockiella 
variegJlta ii I'rbin'1(1( Fig. :I B). No piace is left fit' ie set lementi and 
development of cold they were C innew colonies ' not observed the 
investigated region. 26 colonies tihat narkeC,(llwere duritg the super-low 
tide of Sept emher 1970, aid that wervCobservetd Igetetitting almost 
fully during 197!, found dead covered 1ly algae, inwere Clitiely mid 
August. 1972 (lig.- A). ()n simi lcoral t ailes, sit ualIed some :10 kui south 
of the study area, and visitel duriig le sa tue tille., the Coral population 
was found to flourish and only a few signs of algae dhevelolment were 
observed with their described pat tern of succession. 

Iiscussion 

Tliodevelopment of dense covets of miarine algae in the sea, over places 
once populated by living coral colonies with their associated fauna, 
seems to be a typical case of eutrophication, which is so uften described 
for lakes and rivers. It this case, overfertilization was caused mainly 
by oil and minerals. As mentioned by several authors (Riley and Chester, 



65 Pollution on Coral Reefs 

1971; Stumm and Stumm-Zellinger, 1972), phosphorus seems to be the 
main element limiting algae developm__e"lt in tio-sea Usually, an anual 
cycle of phespiri-6r cn6ciitiiiff n in sea water is observed, in which 
seasons with a high phosphorus content interchange with seasons of 
high algae development, and consequently, by a strong decrease of P. , 
As mentioned by several authors, such variations are very small in 
tropical water%,_audjitis possible that the seasonality of algae develop. 
ment at Eilat was regulated not only by the changes in temperature, 
as mentioned, but also by those small changes of P. With the addition 
of huge amounts of pliosphates as othcr inorganic materials, as well 
as oil from the oil terminal, this regular system became destroyed and 

the algae starte 0todominate the environment alh year long. As demon
strated by Nichols (1967) some of these algae are able to accumulate 
and solubilize insoluble phosphates, whereby entirely new parameters 
are introduced into the coral environment, causing expansion of the 
algae oil the coast of corals. This development destroyed existing coral 
colonies, while the occupation of space by algae, and the accumulation 
of sediments between them, prevent the renovation by settlement and 
development of new coral colonies (Fig. 4B). The eutrophication and 
development of thick algae growth seems to also prevent the normal 
development of food chains occuring on a reef surface. These food chains, 
with some of their liles, also supply the carnivorous corals. 

An additional phenomenon that was observed during the last years, 
is the accumulation of detached carpets of algae within the lagoon, 
behind the coral reefs. It seems that during the low waters at the end of 
the summer, from July until September, also accompanied by high 
temperatures, a deficit of oxygen developes below the dense algal covers 
on the coral surfaces. This causes mortality of those inner parts of algae, 
and detachment from the substrate. Trapped by the surf movements, 
this vegetation is accumulated within the lagoon where the bulk of the 
algae are only partly biodegraded. During low waters and high tem
peratures of this time, there seems to be a lack of oxygen in the lagoon. 
Parts of the algae decayed, forming thick organic deposits on the soft, 
calcareous substrate. Thus it seems that this "natural pollution" may 
also contribute to the changes observed within the framework of the 
coral reef, especially within the invertabrate communities of the shallow 
subtidal. Of course, this biodegredation and decaying of algae, returns 
some part of the phosphorus to the environment, and in this way, 
supports renovation of algal development. During the same time, huge 
oil spills destroy large parts of the tropical intertidal communities 
represented by giant barnacles, oysters, periwinkles, serpent-stars and 
limpets; species that produce high amounts of planktonic larvae that 
can serve as food to organisms on the reef table. As a result of the above 

5 Occologia (Berl.), 12Vol. 
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process, starvation may develop among the carnivorous corals, and 
thereby accelerating their degeneration. 

The fact that such damaged coral ecosystems could re-establish and 
regenerate, was well documented by Stephenson and Wells (1956), 
by Stephenson et al. (1958) and also observed by Fishelson (in press). 
This can occur )y regeneration by partly danmaged colonies, and by the 
development of new colonies from larvae that invade and settle in the 
area. One of the basic conditions for such a development is the prevention 
of the synergetic action of pollutants and fertilizers over thlis region. 
Especially important is the prevention of "chronic" (although small) 
pollutions, like those that frequently occur at Eilat. As emphasized by 
Foodgate (1971), such chronic injections of pollutants could be more 
dangerous to an ecosystem than a single disaster. The use of chemical 
oil dispensers in such a system will be more harmful than bIeneficial 
(see also Ehrlieh and Ehirlich, 1972). Continuous interference with the 
ecosystem will lead to a reduction of coml)lexity. leaving only those that 
are flourishing in the overfertilizcd regions (Ryther, 1954; Odin, 1972). 
Furthermore, this will lead to deep alterations of the ecosystem and 
habitat on the coral reefs, and at. the same time, to the expansion of 
algae covers. It therefore seems that if such interference will stop on 
time, before the entire coral systeni is destroyed, recovery could begin. 
Since it is well known that algae are able to store and reuse large amounts 
of phosphorus, the possibility exists that even if the impact of phosphate 
from other sources will stop in the near future, the bulk of it trapped 
within the vegetation will continue to stimulate the algal cover, floi 
time to time. The (uration of the possible re-est allishnent and formation 
of the initial intertidal and coral community is not known. Castenholz 
(1967), mentioned that the re-estallishment of a growth of Mytilus 
calilornicus over a rocky surface to,.k more than 8years, and this 
species is a fast, growing animal, as compared to the coral species. 

Acknoledqemet. Thanks are due to Pro'. L.B. Slobodkin, Mrs. N. Gander. 
man, and Mr. D. Popper, who helped during various stages of field work. I also 
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