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ABSTRACT

During January 2001, certain ecological aspects of the fringing reef of Ras Shukeir was
investigated. Since 1960s, this fringing reef has been chronically polluted, where Ras Shukeir area
was used by Gulf of Suez Oil Company (GUPCO) for oil production. Its present status showed a
moderate level of petroleum hydrocarbon pollution. Field survey showed that the reef was
seriously degraded where about 99% of its coral cover was destroyed along the whole investigated
shore. Only sporadic colonies (1% cover) of the genera Acropora, Echinopora, and Platygyra with
some individuals of associated fauna especially the giant clam Tridacna squamosa and the sea
urchin Echinometra mathaei could withstand such conditions. Meanwhile, the reef flat is sparsely
covered by the seaweeds Dictyosphaeria cavernosa, Caulerpa serrulata, Padina pavonica,
Laurancia obtusa and Cystoseira merica, whereas Sargassum dentifolium, S. latifolium and
Grateloupia filicina are occasional. Besides, Damselfish of Pomacentrus spp. and Chrysiptera
spp., Butterflyfish of Chaetodon spp., parrotfish of Scarus spp., and the surgeonfish Acanthurus
sohal were sporadically reported along the investigated reef. Finally, no signs of coral recovery
have been observed.
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INTRODUCTION

Coral reefs are of the most diverse and complex communities in the marine environment.
Hermatypic corals play a key role in forming the structure of coral reefs and providing
substrate and shelter for a wide variety of associated organisms. They represent important
marine habitats, which are internationally recognized for their need for conservation, as well
as scientific, economic and recreational value. Under the development and human activities,
corals become susceptible to damage from a range of pollutants especially oil (Dicks 1984;
Hodgson 1999). This damage may result in a collapse of the complex community of
organisms which live in close association with the corals (Horler 1974)

Much concern has been expressed in recent publications on the possible damaging
effect of oil spills and other industrial pollutants upon coral reefs (Connell 1970; Straughan
1970; Johaannes 1970,1971; Fishelson 1973; Eliser et al. 1974; Chabanet et al. 1995;
Dubinsky 1996; Hodgson 1999). Most investigations on the short-term effects of oil spills
provide no conclusive evidence of direct injury or damage to corals (Grant 1970; Rutzler &
Sterrer 1970; Lewis 1971; Johannes 1972; Roberts ef al. 1994; Mohamed & Al-Ssadh 1996)
where corals could escape damage as they are usually submerged and do not come into direct
contact with oil. Nonetheless, reef building corals and their associated biota can be seriously
damaged if coated with oil (Johannes et al. 1972). On the other hand, there are many
evidences of long-term effects of oil on corals (Dicks 1984; Gooding 1971; Loya 1975;
Heinrichsen 1990). Heinrichsen (1990) stated that long-term effects (chronic) of oil spills
completely change the entire coral community by killing all or a large proportion of its biota,
with its situation thought to be beyond recovery.

Here, Ras Shukeir has been under environmental stress, due to oil development at this
area since 1960s (GUPCO, pers. commun.). This stress includes oil discharges, construction
and operation phases around offshore platforms and shore terminals. This paper investigates
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the chronic effects of oil pollution on the fringing coral community at Ras Shukeir with the
associated biota which includes invertebrates, fishes, as well as seaweeds.

MATERIALS AND METHODS

Study area: The study was carried out during January 2001 at Ras Shukeir reef in the south
of Gulf of Suez (Fig. 1). The geomorphology of this reef is a typical fringing coral reef with
scleractinian corals as the most important hermatypic organism. The study area is about 10km
long , encompassing the pipe line routes, harbour, the coastal oil processing terminal and
offshore oil loading buoy system for tankers. The area is characterized by swells and waves
propagating in a north easterly direction up the coast and usually creates rough sea at the
study area.
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Figure1l: & map shows different sampling sites.

Reef flat and lagoon: A belt transect technique was used from high water mark to the reef
crest at roughly 90° to the coast line . Intertidal observations were made whenever possible at
low tide . Subtidal reef flat and associated lagoons were surveyed by snorkeling, while the
reef front and deeper near shore areas by SCUBA diving. The survey technique was done by
observing and recording the distribution and coverage of corals, also the approximate
abundance of conspicuous macro-faunal and macro-floral species (according to Tansley scale)
along 10m wide belt transects (T1 — T7) over the investigated area (Table 1 & Fig. 1). Also,
field description of upper-shore has been undertaken. The presence of oil, tar balls, tar
pavements, or garbage was noted along the shore.

Off-reef sampling: was designed to provide quantitative data on the distribution of sediment
grain size, organic matter, heavy metals as well as hydrocarbon concentrations. Samples of
water and sediment were taken at a series of 17 stations along the investigated area (Fig.1).
The position and depth of each station is listed in table 1.

Sediment particle size analysis was completed by dry sieving. Sediment organic
matter content was determined by ignition at 480 C (Byers et al. 1978). Hydrocarbon analysis
was carried out by a procedure involving solvent extraction according to UNEP / IAEA / I0OC
(1992) and detection by fluorometery. For heavy metals analysis, water and sediment samples
were digested with nitric acid according to Loring and Rantala (1992). The analysis was
performed on Atomic Absorption Spectrophotometer (Perkin-Elmer, Model 2380). The data
validity were checked for the two metals Copper and Zinc, while the marine sediment SD-
MED pol-1/TM was used as a certified sample.
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Table 1: Latitude and longitude of all sampling sites (T1-T7: transects; 1-17: stations) at the area under investigation.

Site Latitude Longitude Depth (m) Site Latitude Longitude Depth (m)
Tl 28° 6° 10" 33° 18" 34" 1-1.5 6 28° 8 32" 33° 17" 11" 15.0
T2 28° 6 43" 33° 17" 53" 1-1.5 7 28° 8 25" 33° 17" 17" 17.0
T3 28° 7' 15" 33° 17" 28" 1-1.5 8 28° 8 21" 33° 170 20" 13.5
T4 28° 8 24" 33° 16" 11" 1-1.5 9 28° 8 00" 33° 17" 07" 10.0
T5 28° 8 22" 33° 15 07" 1-1.5 10 28° 8" 04" 33° 17" 25" 22.0
T6 28° 8 32" 33° 14° 42" 1-1.5 11 28° 7' 20" 33° 170 57" 13.0
T7 28° 9 39" 33° 14" 32" 1-1.5 12 28° 7 17" 33° 18" 16" 15.0
1 28° 9 20" 33° 15° 20" 10.5 13 28° 6° 39" 33° 18 47" 23.0
2 28° 9 42" 33° 16 04" 10.0 14 28° 6 43" 33° 19" 13" 19.0
3 28° 9 05" 33° 16" 10" 11.0 15 28° 6" 11" 33° 19" 44" 22.0
4 28° 8" 41" 33° 16" 32" 17.0 16 28° 6' 13" 33° 19" 47" 20.0
5 28° 8 22" 33° 170 02" 15.0 17 28° 5° 46" 33° 19" 51" 19.0
RESULTS

According to the field observations, the area under investigation was divided into three
regions (Fig.1). South to the harbour which has a moderate wave action and sandy shore. It is
represented by transects T1, T2, and T3; North to the harbour which has a high wave action
and rocky shore. It is represented by transects T4 and T5; The farther north lagoon which has
a weak wave action and sandy shore. It is represented by transects T6 and T7.
The low water mark of the first and third regions is mainly fine sand, while it is a sedimentary
rock covered by the seaweeds Sargassum latifolium and S. dentifolium at the second region.

An upper-shore gentle sand slope at about high water of spring tide level with large
amounts of stranded debris, garbage, large number of tar balls and some layers of weathered
oil which appeared rather like a tar pavement and included sedimentary material. A middle-
shore coarse sand slope levelling to a fine sand at the low water mark (regions 1&3) or a
sedimentary rock (region 2). The middle- shore usually has huge amount of the seaweeds
Sargassum dentifolium and S. latifolium which are drifted at region 1 or fixed at regions 2
and 3. A shallow back-reef characterized by a sandy bottom with rock strips and bands. The
sandy bottom has a community of polychaetes especially bamboo worms (Maldanidae) at
region 1. At region 3 (farther north lagoon) Sargassum dentifolium and S. latifolium usually
cover 60% of the rocks at the back reef and usually has a dense community of the economic
mollusc Pinctada radiata (10 £ 3 individuals/m?).

A reef flat with dead corals, encrusting calcareous algae and rocks with many holes.
These holes usually have swarms (30 £+ 8 individuals/m?) of the black sea urchin
Echinometra mathaei and associated giant clam Tridacna squamosa with a sporadic
occurrence. A reef crest and a reef front are covered with extensive areas of dead corals and
some sporadic live corals (1% cover) of the genera Acropora, Porites, Echinopora and
Platygyra were recorded. Dead corals were usually covered by algal lawns and some species
of seaweeds with sporadic occurrence especially Dictyosphaeria cavernosa, Caulerpa
serrulata, Padina pavonica, Laurancia obtusa and Cystoseira merica. However, the
seaweeds Sargassium dentifolium, S. latifolium, and Grateloupia filicina were found in small
dense patches (0.5m?). Some fishes were rarely recorded notably Diplodus noct, Siganus
rivulatus, Scarus spp., Acanthurus sohal, Chaetodon spp. and some damsel fishes of
Pomacentrus spp. and Chrysiptera spp. The reef front at the investigated transects usually
slopes to sandy seabed with sometimes separate linear Acropora spp., extending parallel to
the reef front. The collected deep water samples of corals were dead.
Sediment and total organic matter content: Sediments of the investigated area are sandy.
According to Wentworth scale, sediment type ranges from very coarse to very fine sand with
the predominant coarse sand at most stations. The rate of fine sand (<63um in diameter)
ranged from 0.1 to 24%. Different sites showed high rates of total organic matter content
(TOC) with ranges between 6.2 and 9.5% (Table 2). No relation was found between texture of
the bottom sediment and total organic matter content.
Hydrocarbon analyses: Data in Table 3 show that all locations were contaminated to
different degrees by petrogenic hydrocarbons. However, the degree of contamination of water
was low.
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Table 2: Percentage of grain size (mm) and total organic carbon (% dry weight) of the bottom sediments of different
sampling stations at Ras Shukeir. * Stations 13; 15 not sampled due to the rocky nature of the substrate.

Station Pebbles Very Coarse  Coarse Medium Fine sand Very fine sand Silt & clay %
No. sand sand sand TOC
>2mm 2—1mm 1-0.5mm  0.5-0.25mm 0.25-0.125mm 0.125-0.063mm < 0.063mm
1 01.4 23.8 57.4 16.0 014 00.0 00.0 8.2
2 02.6 05.6 44.6 16.8 27.8 01.2 014 7.5
3 13.8 16.8 334 22.8 11.0 01.2 01.0 9.1
4 02.2 03.6 02.8 05.0 26.4 36.0 24.0 8.3
5 08.6 30.8 25.4 18.0 13.0 02.4 01.8 9.3
6 21.8 154 35.2 14.2 09.8 03.0 00.6 7.0
7 03.8 06.6 25.2 17.0 29.8 15.2 02.4 7.5
8 07.8 21.6 494 18.0 03.0 00.2 00.0 6.2
9 03.8 06.0 20.0 53.0 15.8 00.8 00.6 8.9
10 05.0 12.8 124 17.8 26.0 11.0 15.0 9.5
11 01.6 08.0 36.2 49.2 05.0 00.0 00.0 7.2
12 20.8 17.2 34.6 17.8 09.4 00.2 00.0 8.9
14 04.4 22.0 49.1 17.2 06.4 01.0 00.1 7.9
16 13.8 214 35.0 26.0 03.8 00.0 00.0 8.0
17 02.0 18.4 52.8 20.8 05.2 00.4 00.4 7.7

that other organic matter rather than those of the hydrocarbons occur in the area

The concentrations of total petroleum hydrocarbons (TPH) ranged from 35ppb to
128ppb, while the degree of contamination of sediment by petrogenic hydrocarbons ranged
from low to moderate. The highest value recorded was 575ppm total hydrocarbons. Sediments
near to the oil terminals showed a higher degree of contamination of petroleum hydrocarbons,
with values of 221, 474, 575ppm at stations 6, 7, 8, respectively; and 239ppm at station 12.
These relatively high values may be due to a continuous supply of petroleum inputs by oil
terminals in this area. There was no correlation between TOC and TPH contents indicating

Heavy metals: In the water, trace metals showed an overall recorded averages of 0.05, 0.1,

0.48, 0.03, 0.06, 0.06 and 0.28ppm for Cu, Pb, Ni, Zn, Cr, Cd and Co, respectively (Table 4).

Table 3: Levels of total

Hydrocarbons

(THC) in the water (ppb)

and sediment
(ppm) on the different
sampled stations

Station Water Sediment
No. (ppb) (ppm)

1 050 084

2 128 098

3 052 026

4 065 059

5 062 363

6 - 221

7 - 474

8 - 575

9 042 147

10 035 266

11 055 129

12 - 239

13 093 -

14 - 432

15 086 -

16 - 011

17 077 111

Mean 67.7+ 218.6+

26.8 170.8

- Not sampled stations.
Mean =+ St Deviation
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Table 4: Concentration of heavy metals in water and sediments
samples (ppm) at different stations at Ras Shukeir. Mean + St Deviation

Station # Cu Pb Ni Zn Cr Cd Co
Water

1 0.07 0.07 0.54 0.04 0.01 0.09 0.28
2 0.02 0.10 0.46 0.02 0.07 0.05 0.24
3 0.01 0.12 0.16 0.02 0.04 0.01 0.15
4 0.07 0.14 0.57 0.04 0.01 0.07 0.32
5 0.09 0.05 0.32 0.02 0.14 0.04 0.20
9 0.03 0.10 0.39 0.02 0.11 0.06 0.25
10 0.06 0.06 0.41 0.03 0.08 0.05 0.26
11 0.06 0.14 0.62 0.03 0.05 0.06 0.30
13 0.04 0.11 0.72 0.05 0.06 0.08 0.33
15 0.01 0.09 0.68 0.02 0.08 0.06 0.26
17 0.07 0.08 0.44 0.02 0.03 0.06 0.26
Mean 0.05£0.03  0.10£0.03 0.48+0.16 0.03£0.01 0.06:0.04 0.06=0.02 0.28+0.05
Sediment

1 54.2 28.8 12.0 38.6 11.8 01.8 09.4
2 31.6 24.4 19.0 30.4 13.2 03.9 12.6
3 64.0 40.2 17.1 15.6 18.6 01.6 17.6
4 20.6 30.2 11.8 48.8 11.6 00.7 12.4
5 352 384 16.1 44.0 08.8 02.2 10.0
6 21.2 18.2 04.7 38.8 17.6 01.2 04.2
7 25.8 15.6 19.0 89.8 14.4 00.4 11.6
8 33.1 21.6 27.7 1159 274 02.2 17.6
9 26.8 22.0 06.1 35.8 09.6 05.7 06.4
10 26.6 244 17.2 34.8 05.0 06.5 06.6
11 53.2 28.3 09.5 35.6 21.8 05.8 10.4
12 36.6 17.0 12.9 20.4 10.0 04.9 134
14 31.8 22.2 04.8 36.2 13.2 04.9 13.6
16 25.0 37.4 11.1 15.0 16.0 02.9 08.2
17 294 43.6 17.6 57.1 06.7 03.6 159
Mean 343+129 27.5+£08.9 13.8+06.2 43.8+27.0 13.7+£05.9 03.2+02.0 11.3+04.0
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In sediment, trace metals showed higher values with an overall recorded averages of
34.34, 27.49, 13.81, 43.79, 13.71, 3.22 and 11.33ppm for Cu, Pb, Ni, Zn, Cr, Cd and Co,
respectively (Table 4). It is clear that the concentrations of heavy metals in Ras Shukeir
sediments were higher than the lowest effective levels.

DISCUSSION

The Gulf of Suez is one of the largest and most rapidly developing oil production areas of the
world (Dicks 1984). Several offshore and inshore oil fields have been discovered and are
being exploited at Ras Gharib, Ras Shukeir, Gimsha and Hurghada (Mansour 1986). This
together with increasing tanker and cargo vessel traffic through the Red Sea, result in a
chronic oil pollution along the Gulf of Suez coasts (Mourcy 1978; Awad et al. 1983; Hanna
1983; Mostafa 1995). Recently, Abdel-Maksoud (1997) mentioned that 18 accidental oil
spills have occurred in the Northern Red Sea, Suez and Aqaba Gulfs from 1989 to 1994.

Oil developments can produce environmental stress during their construction and
operation phases, notably around offshore platforms and shore terminals (Dicks 1984). Coral
reefs are susceptible to damage from oil (Loya & Rinkveich 1980; Ray 1981; Johannes et al.
1977); drilling mud (Thompson & Bright 1977); dispersant (Knapp et al. 1983; Legore 1983).
Effects ranges from mortality to abnormal responses and reduction of growth and
reproduction processes.

During the present investigation at Ras Shukeir, the highest recorded levels of
petroleum hydrocarbons were 128ppb in water and 575ppm in sediment. Tewenty years ago
(Awad, unpublished), the concentrations of oil at Ras Shukeir area were 261ppb and
1424ppm in water and sediment respectively. Recent study by Emara et al. (1999) showed
that the petroleum hydrocarbons in sediment of Gemsha area (near to Ras Shukeir) was 883
ppm.

The results concerning the present investigation also show that most of the
investigated shores are oiled. These oily polluted shores are mainly due to activities related to
oil production at Ras Shukeir or oil spills (Awad 1988). Tar balls, mats, and pavements are
densely present at Ras Shukeir shore, and mostly of weathered type. This can be attributed to
past oil production, refining, and transport which have resulted in chronic oil pollution at Ras
Shukeir and along Gulf of Suez (IMCO 1971; Wenninck & Nelson-Smith 1977, 1979a,b;
Mourcy 1978; Awad et al. 1983; Hanna 1983; Dicks 1984, 1987; Mostafa 1995).

This chronic oil pollution has serious environmental impacts on the gulf marine life.
The investigated coral community of Ras Shukeir is seriously degraded. About 99% of coral
coverage is destroyed. Also, most of associated invertebrates, fishes, and seaweeds are
sporadic or rare. Many studies (Mironov 1968, 1972; Kunhold 1969; Blumer 1971; Wells
1972; Cohn 1973; Capuzzo 1987; Bender et al. 1988; Coccheri 1990; Balch 1995) reported
that oil and oil products usually influence all groups of marine organisms in the various water
layers and at the sea bottom through asphyxiation, poisoning, reducing natural resistance of
organisms to infection, interruption of the marine food web propagation. It affects
microscopic marine organisms, fishes, mammals and birds as well. Water soluble components
of crude oils and refined products include a variety of compounds that are toxic to a wide
spectrum of marine plants and animals. Eggs, larvae and young forms are generally more
sensitive than adults. The effect may be acute (short-term) or chronic (long-term) depending
on the characters of source of the spilled petroleum and characteristics of the marine
environment. At sub-lethal concentrations, oil constituents cause physiological or behavioral
abnormalities and possibly more importantly, may cause developmental abnormalities in fish
and other animals, almost certainly resulting in their early death (Clark 1986).

On short-term basis with an immediate effect, many studies (Grant 1970; Spooner
1970; Shinn 1972; Rutzler & Sterrer 1970; Gooding 1971; Roberts et al. 1994; Mohamed &
Al-Ssadh 1996) showed no damage on corals for the floating oil. But on long-term basis of
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chronic effects, corals are seriously damaged. Moreover chronic oil pollution prevents in
some way, development of young coral colonies. This interference may be due to some
chemical changes in the physical properties of the reef flat, or to some biological interference
connected with the coral themselves. It is possible that oil damages the reproductive system of
corals, which may interfere with coral larvae production, or there might be adverse effects on
the viability of the larvae themselves, inhibiting them from successful settlement and normal
development (Loya 1975).

One of the basic features of chronic man-made disturbances on coral reef is the risk of
non-reversibility of this environment to its normal community structure. The frequent oil
spills in the vicinity of Ras Shukeir area have caused catastrophic consequences on a wide
variety of coral reef communities resulting in their nearly complete destruction with no signs
of near future recovery. Johannes (1975) stated that “ when a reef community is destroyed,
the ecological conditions that follow can not be expected to coincide with those which
preceded the initial development of the community”. Thus, it cannot be granted that the
community will ever replace itself. This was confirmed through a long-term study on corals in
the Gulf of Agaba (Loya 1976).

Also, oil pollution could lead to high heavy metal concentrations in the sediment. The
present investigation showed highest levels of heavy metals with ranges of 34.34; 27.49;
13.81; 43.79; 13.71; 3.22; and 11.33 for Cu, Pb, Ni, Zn, Cr, Cd, and Co, respectively. These
values are higher or very near to the lowest effective level as mentioned by El-Tokhi &
Mostafa (1999). Emara et al. (1999) stated that the annual average concentrations values of
heavy metals in sediments of Ras Shukeir were 2.56; 13.69; 79; 1.88 and 4 for Cu, Pb, Zn,
Cd, Co, respectively. The recorded high levels could impose a threat to marine life.

Finally, it can be concluded that coastal pollution by oil along the Gulf of Suez is
chronic at some sites (e.g. Ras Shukeir), has led to serious environmental impacts on its
fringing coral reefs and the associated biota. Both, the short-term and the chronic effects
should be considered. The slight day to day spills in coastal waters accumulate into chronic
pollution that is much larger in total volume and probably has severe biological consequences.
Community structure and species abundance of marine organisms may be changed for long
periods of time following, a single oil spill and perhaps change more in areas subjected to
chronic oil pollution.
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