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Until now, it has been well-established that coral complex in the Arabian/Persian Gulf only exist in the
coastal regions of Bahrain, Iran, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates and it was
thought that there are no coral reefs in Iraq. However, here for the first time we show the existence of a living
28 km2 large coral reef in this country. These corals are adapted to one of the most extreme coral-bearing
environments on earth: the seawater temperature in this area ranges between 14 and 346C. The discovery of
the unique coral reef oasis in the turbid coastal waters of Iraq will stimulate the interest of governmental
agencies, environmental organizations, as well as of the international scientific community working on the
fundamental understanding of coral marine ecosystems and global climate today.

A
narrow strip (58 km) of the northern coast of the Arabian/Persian Gulf belongs to Iraq1. The area is

dominated by the large swampy river delta of the rivers Euphrates, Tigris and Karun, merging into the
Shatt al-Arab that represents the main outflow in the Arabian/Persian Gulf. Its water is not only sediment-

loaded but it is also often oil-polluted. The sediment particles are distributed throughout the Gulf by strong winds
and currents generated during winter. The seasonally varying turbidity near the delta and along part of the Iranian
coast is the reason for the hypothesized absence of coral reefs in this region2. Furthermore, it is accepted that the
Coriolis effect deflects the Shatt al-Arab river plume towards Kuwait and suppresses reef growth there. Reefs
along the Kuwait mainland are only found at Ras az Zaur in southern Kuwait, and on the southern offshore
islands (Kubbar, Qaro and Umm Al-Maradim)3. The last of Kuwait’s coastal fringing reefs, which probably did
extend in the recent past as far north as Ra’s al-Ardh, is currently under threat from large-scale urban and
industrial development4.

The Shatt al-Arab, the only continuous freshwater source in the region, causes salinities to decrease in the
extreme north to about 36% in summer5. Underwater visibility is often limited to 1 m or less, and at a depth of
1 m, turbidity may reach 0.7 NTU6,7. Therefore, the turbid waters of Iraq coastal territory prevented the detection
of the potential presence of coral reefs in this area, on satellite observations8. Joint expeditions performed by
scientific scuba divers from MSC Basrah (Iraq) and SDC Freiberg (Germany) carried out in September 2012 and
in May 2013, revealed the existence of a true live coral reef in Iraqi coastal waters for the first time ever (Fig. 1;
Supplementary Information - Video). This newly discovered coral reef differs from counterparts established in
adjacent Kuwait. In fact, the reefs in Kuwait are fringing reefs distributed around islands9, or close to the coast at
water depths between 0–10 m. These reefs are settled on sandy ground in relatively transparent water. The newly
discovered reef at the mouth of the Shatt al-Arab is located at greater depths in a zone of low visibility, and rapidly
changing conditions (temperature and salinity) due to strong currents. These currents are triggered by tides and
the significant freshwater sediment-loaded discharge by the Shatt el-Arab (44.8 3 109 m3/a and 2700 kg/m3)10.

Results
The coral reef has an area of 28 km2 and is located at 29u37900 N and 048u48900 E (Fig. 1b). The primary survey
identified a 6 by 3 km wide zone of relatively healthy reefs at water depths between 7 and 20 m. The site is
characterized by a tidal variation of about 3 m, rather strong tidal currents (3–4.5 m/s), high turbidity (see video
in Supplementary Information). There is a high nutrient load from rivers, and thus dim light in consequence.

A number of living stone corals like Platygyra pini (Chevalier, 1975) (Fig. 1c), Turbinaria stellata (Lamark,
1816), Tubastrea sp., Porites lobata (Dana, 1846), Porites sp., Astroides calycularis (Pallas, 1766), Goniastrea
edwardsi (Chevalier, 1971) as well as octocorals Junceella juncea (Pallas, 1766) with several ophiuroids (Fig. 1d)
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were identified from the Iraq coral reef. Ophiuroidea (Phylum
Echinodermata) like brittle stars, serpent stars, and basket stars11

are still very poorly investigated in the Arabian/Persian Gulf. The
brittle stars we observed on the branches of gorgonians are
Ophiotheia venusta (Fig. 1d). These were invariably entwined around
the branches of octocorals like Menella sp.12 when we recoded them
in deeper parts of the reef. Aside from the Danish scientific expedi-
tion in 194013, there are only a few recent reports on ophiuroids. All
these are related to those found in Iranian coastal waters14, such as
Ophiocoma erinaceus (Clark & Rowe, 1971).

We also observed sponges and bivalves that may compete with
corals for space on the reef, or that may bio-erode the coral structure
and therefore can damage or destroy coral colonies. For example, we
revealed living filter-feeding bivalves (Lithophaga robusta), which
possess a high bio-eroding activity, within stony corals (Fig. 2b).

The poor knowledge of sponges (Porifera) from the region has
been reported previously15,16. To identify sponges in this marine
environment was entirely surprising, as it was suggested previously17

that the sensitivity of sponges to suspended sediment may exclude
them from high-sediment habitats. However, we suggest that the
abundance of silica-containing demo-sponges in the discovered
coral reef can be caused by silicate-rich waters: the highest values
(ca. 6 mmol/kg) were measured in the outflow of the Shatt al-Arab18.
There is neither a comprehensive study on the sponge fauna of the
northern part of the Persian Gulf in general, nor one on the Palinurus
Rock region. Therefore, the discovery of several representatives of
Porifera, including green collared encrusting sponge (Fig. 3) is of

crucial importance for both ecology and biodiversity of this very
unusual coral reef system. We suggest that this sponge also harbours
photosynthetic endosymbionts (cyanobacteria, dinoflagellates) in a
manner comparable to that of corals. Preliminary analysis of external
shape and spicules morphology19 showed the presence of 5 species of
at least 3 different genera of demosponges in the studied area, includ-
ing Haliclona sp. Similar sponges has been reported previously near
Larak Island, Iran16.

Discussion
We were entirely surprised to find living coral reef under such harsh
conditions. Our discovery will yield critical intelligence about the
way these rare systems respond to both human and naturally occur-
ring environmental changes.

Previously, coral reef development in turbid water as it is the case
here described was the subject of numerous studies (for a review
see20–23). Usually, extensive coral reefs do not typically develop under
conditions where nutrient and suspended sediment concentrations
are acutely or chronically very high24. Turbidity over coral reef sys-
tems is mostly controlled by sediment (both organic and inorganic)
resuspension and/or transport from terrestrial systems25. Differential
species response to similar sediment loadings is known: large col-
onies, and/or species with thick tissues, are often relatively resistant.
Meanwhile, smaller colonies and species with thin tissue layers may
be greatly affected23. As recently reviewed by Risk & Edinger23, a
consequence of reduced recruitment in heavily sedimented reefs is
that the population structure of the surviving coral will shift toward a

Figure 1 | A reef complex in Iraqi waters discovered for the first time. (a) Region map. Base map provided by ReefBase (http://www.reefbase.org). (b)

Detailed depths map of Palinurus rock reef. (c) Stony coral Platygyra pini Chevalier, showing anchor damages (width of the image: ca. 1 m). (d) Octocoral

Menella sp. Gray with different Ophiotheia venusta brittle stars (width of the image: ca. 30 cm). The coloration of the living specimen is as follows:

the dorsal disc is red in its center and marbled with white, yellow, and black towards its perimeter. The dorsal surface of the arms is cross-banded with

yellow, white and black34. (Underwater images were made by Thomas Pohl, and maps were made by Sameh W. Al-Muqdadi).

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 4250 | DOI: 10.1038/srep04250 2

http://www.reefbase.org


preponderance of large, old colonies. Furthermore, massive coral
colonies possess multilobate morphology, which allows the coral
colony to continue extending upward in some portions, while other
portions of the colony grow slowly. It remains unclear to what extent
biodiversity is related to the resilience and robustness of such
unusual coral reefs like those in the Arabian/Persian waters5.
However, four of coral taxa (Platygyra, Porites, Goniastrea and
Turbinaria) observed by us are slow-growing massive species.
They are related to one of the main clade, the ‘‘robust’’ corals26 with
relatively solid, heavily calcified skeletons that result from the solid
construction of corallite walls. Two other observed taxa, Tubastrea
and Astroides are related to Dendrophylliidae family that include
typical representatives of the ‘‘complex’’ clade. Interestingly,
Tubastrea species are known as azooxanthellate scleractinian corals
with high resistance to pollution, for example with respect to
metals27. Astroides calycularis has been described as a species living
in both light and dark28 that habituates localities with strong water
movement29. We suggest that representatives of both clades can serve

as bioindicators for the highly changeable conditions in the Shatt al
Arab area.

It cannot be excluded that this coral reef system possess specific
metabolism.

For example, some Indo- Pacific reefs flourish at Suspended
Particulate Matter levels as high as 10 mg/L, in some cases by shift-
ing their metabolism toward more heterotrophy in murky waters30.
Probably, such coral reef communities can take up suspended plank-
tonic organic matter (detritus, phytoplankton, zooplankton) as a
source of carbon they do not fix themselves via photosynthesis31.
This kind of suspended organic matter seems to be unimportant
as a source of carbon for many hard and soft coral communities.
However, it is an important source of specific essential nutrients for
many communities, and food for some coral reef associated organ-
isms like gorgonians and sponges. The contribution of sponges and
their associations with other organisms under high sedimentation
conditions in the coral reef we have discovered remain unknown.

The temperature on earth is increasing and extremes are becoming
more pronounced. Study of these extreme reef systems becomes of
vital relevance as our climate changes. The large temperature varia-
tions in these Arabian/Persian waters has been recently described as
an ideal biomarker by which coral reef persistence under changing
global conditions may be evaluated5,32.

This area in Iraq has witnessed extensive historical impacts from a
number of significant environmental, climatic, and human stressors.
Further investigations are urged to monitor and catalogue the bio-
diversity within this unique turbid water tolerant coral reef
community.

According to the WWF, several factors inhibit international col-
laboration to perverse such globally important resources. Among
these are military conflicts, the lack of adequate coordination and
sufficient management capacity, as well as principal disharmony
among littoral states. These factors endanger conservation and the
survival of these valuable marine ecosystems33.

These valuable habitats urgently need protection, conservation,
and research. This is a particular challenge the Gulf area due to the
extensive oil and gas exploration. Countries formerly experiencing
major disputes now share common marine habitats, opening the
door for political as well as scientific action. Monitoring these rare
reefs will require intense communication between experts from
many nations, and the results will have global implications.

Figure 2 | (a) Isolated fragment of the coral Platygyra pini with evidence of the presence of filter-feeding bio-eroding bivalves (Lithophaga robusta) (b).

The greenish colour of this coral species (c) is assumed to be due to microalgal symbionts in spite of the fact that this animal lives in turbid and

shallow waters. (Images were made by Hermann Ehrlich).

Figure 3 | Demosponges associated with coral reef. This green-coloured

encrusting sponge is well distributed within the coral reef system of

Palinurus Rock. (Underwater image was made by Thomas Pohl).
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Methods
Exploration of the reef complex was performed by experienced scientific divers from
the SDC of the TU Bergakademie Freiberg. Kind support was provided from scientific
divers from MSC of the University of Basrah, using the research vessel ‘‘Al-Bahith’’ at
several locations of the reef complex. Samples were taken in plastic boxes and
transported to the surface. All samples were immediately preserved in methanol for
further investigations and documentation in the laboratory. Taxonomic designation
of sponges was done based on scanning optical microscopy, skeletal slides, dissociated
spicule mounts, and tissue samples. Water temperature and depths were read from
the diving computer. Coordinates were taken with a GARMIN handheld GPS. Depths
were measured by professional diving computer Suunto D9 using function of Altitude
and maximum depth display. Figures and maps were prepared using GNU Image
Manipulation Program "GIMP 2.8".
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(Germany). We cordially thanks Dr. Allison L. Stelling for editing of the manuscript.

Author contributions
The marine expedition plan was designed by T.P., M.H.A. and B.M. The field sampling
programme was orchestrated and implemented by T.P., S.W.A.-M., F.N.A.-M. and B.M.
Data analysis and interpretation was conducted by H.E., T.P. and S.W.A.-M. The
manuscript was written by H.E., T.P. and B.M. Underwater images, maps and video were
made by T.P. and S.W.A.-M. Photographs of isolated coral fragments were made by H.E.

Additional information
Supplementary information accompanies this paper at http://www.nature.com/
scientificreports

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Pohl, T. et al. Discovery of a living coral reef in the coastal waters of
Iraq. Sci. Rep. 4, 4250; DOI:10.1038/srep04250 (2014).

This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 Unported license. To view a copy of this license,

visit http://creativecommons.org/licenses/by-nc-sa/3.0

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 4250 | DOI: 10.1038/srep04250 4

http://www.nature.com/scientificreports
http://www.nature.com/scientificreports
http://creativecommons.org/licenses/by-nc-sa/3.0

	Discovery of a living coral reef in the coastal waters of Iraq
	Introduction
	Results
	Discussion
	Methods
	Acknowledgements
	References


