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WWF - WORLD WIDE FUND FOR NATURE

WWF - World Wide Fund for Nature is the world’s largest private international conservation
organisation with 28 Affiliate and Associate National Organisations around the world and over
4.7 million regular supporters. WWF aims to conserve nature and ecological processes by
preserving genetic, species and ecosystem diversity; by ensuring that the use of renewable
natural resources is sustainable both now and in the longer term; and by promoting actions to
reduce pollution and wasteful exploitation and consumption of resources.

IOC - INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION

The IOC was established in 1960 as a body with functional autonomy within UNESCO to
promote marine scientific investigations and related ocean services, with a view to learning
more about the nature and resources of the oceans through the concerted action of its members.
The IOC promotes, plans and coordinates observing and monitoring systems on the marine
environment; and promotes preparation and dissemination of processed oceanographic data,
information and assessment studies, and development of standards, reference materials and
nomenclature for use in marine science and related ocean services.

IAEA - INTERNATIONAL ATOMIC ENERGY AGENCY

The IAEA Marine Environment Laboratory at Monaco is a Technical Division of the
International Atomic Energy Agency and is the only marine laboratory within the UN system.
MEL’s primary aims are to help Member States understand, monitor and protect the marine
environment from pollution, and to coordinate technical aspects of international marine
protection, training and assistance programmes. The Laboratory’s scientific and technical

ammes are carried out in close cooperation with the Principality of Monaco, UNEP andprogr
the IOC.

THE MARINE AND COASTAL AREAS PROGRAMME

IUCN’s Marine and Coastal Areas Programme was established in 1985 to promote activities
which demonstrate how conservation and development can reinforce each other in marine and
coastal environments; conserve marine and coastal species and ecosystems; enhance aware-
ness of marine and coastal conservation issues and management; and mobilise the global
conservation community to work for marine and coastal conservation. The Marine Conserva-
tion and Development Reports are designed to provide access to a broad range of policy
statements, guidelines, and activity reports relating to marine issues of interest to the conser-
vation and development community.
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Summary

This document summarises the results of environmental assessments of the 1991 Gulf War
undertaken by IUCN-the World Conservation Union and collaborators during the period 1991
to 1993.

Hostilities in Kuwait in January 1991 resulted in the discharge of an estimated 6-8 million
barrels of oil, making it by far the world’s largest oil spill. This was followed by the
conflagration of more than 600 oil wells, which had atmospheric consequences on both
terrestrial and marine ecosystems. In addition to these and the more direct effects on human
well-being, there were ‘secondary’ effects including destruction of sewage treatment plants in
Kuwait.

The first section of the document provides a background and pre-war setting to the Gulf, in terms
of its biological and human environments. This preview is followed by a summary of the major
findings of each study. Following initial post-war assessments, studies have included
broadscale assessment of coastal ecosystems, analysis of contaminants in sediments, biota and
seawater, studies on coral reefs and assessment of the shrimp fisheries.

Broadscale coastal surveys were undertaken in 1991, 1992 and 1993, and comparisons made
with ‘baseline’ data collected at the same sites before the war (1986). Not surprisingly, oil levels
were significantly greater in 1991 than during 1986. On the other hand, the abundances of
certain species groups halophytes, birds and fish) were significantly higher in 1991 than in
1986. Oil levels in 1992 and 1993 decreased to levels not significantly different from 1986,
suggesting some recovery of at least surface substrata.

Quantitative analysis of sediments and biota revealed that the highest levels of contamination
were along the heavily-impacted coast of Saudi Arabia between Ras Al Khafji and Ras Al Ghar,
where concentrations of total petroleum hydrocarbons (expressed as Kuwait crude oil equiva-
lents) ranged from 62-1400 µg-l dry wt in surface sediments, 570-2600 µg -l dry wt in clams
and 9.6-31 µg g-l dry wt in fish muscle. Gas chromatographic analyses indicated that much of
the spilled oil in at least the surface layer of the intertidal zone had substantially degraded within
a few months of the spill. However, core sampling more that two years after the war revealed
a very contaminated layer at many sites in the intertidal and shallow subtidal just a few
centimeters below the sediment surface. This initial regional survey demonstrated that
hydrocarbon contamination originating from the war-related pollution events was restricted to
approximately 400 km from the source, that levels of combustion derived PAH's in the marine
environment at that time (e.g. 1-450 ng g-l dry wt for pyrene in sediments) were of the same order
as those which have been measured in several coastal areas of the United States and northern
Europe. Outside the immediate area of impact, petroleum hydrocarbon and trace metal levels
in sediment and bivalves were generally as low as, or lower than, those concentrations measured
at the same sites before the war.
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The 1991 Gulf War generated much concern and interest, nationally, regionally and intern-
ationally. Whether or not environmental predictions about the 1991 Gulf War have matched
reality is still under discussion. Research to date indicates that a simple answer cannot
realistically be provided for several reasons. First, predictions often have differed widely,
ranging from the Gulf becoming virtually lifeless to more or less trivial effects. In addition, not
all areas of the Gulf suffered the same overt damage. Further, different ecosystems that were
exposed to oil or smoke were not necessarily affected in the same way. The degree of
environmental damage from an event such as a war depends also on the time-scale over which
its effects are considered.

Extended forms of governance are advocated to address interconnections between the environ-
mental and human domains, and to deal more effectively with transboundary problems and
opportunities. In particular the need is demonstrated for greater integration of the social and
natural sciences; and from this development of multidisciplinary models, to improve under-
standing of the Gulf and to determine its governing needs.

Whatever the eventual environmental outcome of the 1991 Gulf War, there is a growing
realisation that marine renewable resources often contribute significantly to national econo-
mies and even geopolitical stability. Indeed their effective assessment and management is
fundamental to sustainable development. The recent war highlighted dramatically both the
importance and vulnerability of the Gulf’s marine environment.
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3. Post-war Coastal and Marine Assessments

3.1 Initial post-war assessment

Background and objectives

Following the environmental incursions in Kuwait in early 1991, an immediate priority was
define the extent and magnitude of environmental impacts and priorities for protection and/or
cleanup. The overall purpose of the initial mission was therefore to report on the extent of
damage to the Gulf’s coastal and marine environment, the extent of cleanup activities and other
national and international efforts, and to identify possible assistance that might be needed.

Activities

Activities included an immediate post-war visit to Gulf (3-13 March 1991); a helicopter
overflight along Gulf coast; in situ coastal inspections; advice to MEPA on environmental
aspects of Gulf crisis, for instance on critical coastal areas and priority areas for clean-up;
assistance to MEPA concerning development of medium-term and longer-term strategies for
dealing with the environmental consequences of the conflict. In addition, there was involve-
ment in radio programmes, TV documentaries and press interviews.

Results

The immediate post-war mission provided an overview of the prevailing environmental
situation. A detailed scientific assessment was not intended, although a synopsis of environ-
mental and socioeconomic features of key coastal areas was provided. Key coastal areas
included: Manifa Bay complex (including Safaniya & Tanajib), the offshore coral islands
(especially Karan & Jana), Abu Ali/Dawhat Dafi/Mussallamiyah complex, Tarut Bay and
adjacent area, and the Gulf of Salwah. Further details are given in IUCN (1992), Price (1991),
Price & Sheppard (1991) and Sheppard& Price (1991).
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Figure 4.
Map of Gulf showing locations of study sites for rapid coastal assessments
(from Price et al., 1993a). Sites 1-53 were surveyed in 1986; sites indicated by a star
were resurveyed during 1991, and sites indicated by a triangle in 1992.

Arabian Gulf
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Figure 5.
Map of Gulf showing locations of study sites for sampling of seawater for analysis of
hydrocarbons and trace metals (from Hardy et al., 1992)

SAUDI ARABIA

vanadium (V) were slightly elevated in oil-contaminated sediments from Saudi Arabia but
elsewhere in the Gulf were similar to levels measured in earlier years at those sites (Table 7).
This initial regional survey demonstrated that hydrocarbon contamination originating from the
war-related pollution events was restricted to approximately 400 km from the source; that levels
of combustion derived PAH's in the marine environment at that time (e.g. 1-450 ng g-l dry wt for
pyrene in sediments) were of the same order as those which have been measured in several
coastal areas of the United States and northern Europe; and that outside the immediate area of
impact, petroleum hydrocarbon and trace metal levels in sediment and bivalves were generally
as low as, or lower than, those concentrations measured at the same sites before the war. Further
details are given in IUCN (1992), Readman et al. (1992) and Fowler et al. (1993).
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Figure 7.
Concentrations of petroleum equivalents in sea surface microlayer and subsurface water
(bulkwater) along Gulf coast in August 1992 (from Hardy et al., 1992).

1

❑ Microlayer

Figure 8.
Percentage of normal sea urchin (Dendraster excemtricus)  larvae developing when fertilised
eggs were incubated in microlayer or subsurface  (bulkwater) samples collected from
three sites on Gulf coast in August 1992 (from Hardy et al., 1992).
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3.4 Coral reef and fish communities

Background and objectives

The coral reefs of the Gulf are the most important repositories of biodiversity in the region and
also among the most productive offshore ecosystems (see Basson et al., 1977; Sheppa.rd et al.,
1992). As testament to this reef associated fisheries have been exploited by artisanal fishermen
since earliest history. Further, there are also several coral cays (islands) in the Gulf, which are
a direct product of reef building corals. These cays support significant nesting populations of
green and hawksbill turtles and of several species of terns. Hence, both the reef fauna and
islands’ terrestrial and marine fauna depend on actively growing coral reefs for their existence
and survival. Shortly after the 1991 Gulf War concern arose that these ecosystems may have
been adversely impacted from oil and /or smoke from the burning oil wells.

Activities

(a) Saudi Arabia

Coral reefs of the Saudi Arabian Gulf islands of Karan, Jana and Jurayd were visited in
November 1992 to assess whether there had been any impact of the Gulf War pollution, with
particular emphasis on the condition of fish communities. Observations were also made at
inshore reefs to the north of Abu Ali.

(b) Kuwait

Reports of stressed reefs and coral death in early 1992 suggested that long term impacts of the
Gulf war were evident in the coral reef communities of Kuwait. A repeat of the 1991 post-war
survey was therefore undertaken to assess the extent and likely cause of this reported damage.
The coral islands of Kubbar, Qaru and Umm al Maradem were visited in 1992, as well as two
inshore reefs not surveyed in 1991: Getty, at Ras al Zoor, and a small patch reef located close
to a source of the Gulf War oil spill, Qit’at Urayfijan.

Results

(a) Kuwait

At the three coral islands little evidence was found of widespread coral death, with the exception
of some Acropora and Porites (see Table 8). The patchy nature and limited extent of these
mortalities, together with the known history of bleaching events and coral kills in the 1980's
make it unlikely that Gulf War pollution was the primary cause, although its may have played
some role. At Qit’at Urayfijan, however, there was evidence of impact, which was probably
closely linked to the war, although coral recovery was well advanced. By contrast the Getty
reef, not far from a beach heavily impacted by oil, was completely healthy. At all locations
fishes were abundant, and fish communities vibrant. The presence of juveniles and sub adults
suggested that recruitment and replenishment of the fish populations has continued since the
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3.5 Coral growth and geochemistry

Background and objectives

Reef corals are particularly sensitive to environmental stresses. Concern therefore arose that
the 1991 Gulf War oil slick and/or reduced light and temperatures from the burning oil wells
may have affected coral and reef growth. The purpose of this study was to collect small coral
colonies for geochemical and related analysis, to determine possible effects of the Gulf war on
coral growth and structure.

Activities

Five small colonies of the coral species Porites Zutea were collected from each of the reefs
surrounding Karan and Jana islands (Saudi Arabia). Well rounded colonies measuring
approximately 20-30 cm diameter were chosen from a depth range of 3-5 m on the outer slope
zone of the leeward side of each island. Five colonies of the same species were also taken from
reefs surrounding Qaru and Umm al Maradem islands (Kuwait). Analyses include sampling
of different ‘year-bands’ and quantification of petroleum hydrocarbons, PAH's and stable
isotopes. Growth maps for each coral colony are also being produced, to provide a graphic
portrayal of annual growth and possible changes in growth patterns over recent years.

Results

Provisional results have been obtained (Figure 10). The diagram relates to the outer four annual
rings of a Saudi Arabian Gulf coral. ‘Enrichment’ of fresh oil on the outside and higher
concentrations of degraded oil within the head are evident. A computer enhanced scan of an
X-ray of a coral from the Gulf is shown in Figure 11. Preliminary analysis has also revealed
relatively high levels of mercury (Hg) in the corals from Kuwait (140-230 ng g-l dry wt).
Protocols need to be further ‘tuned’ but these initial data are interesting.
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3.7 Shrimp spawning studies

Background and objectives

In view of their paramount socioeconomic importance, the Gulf’s shrimp and other fisheries are
a high priority for conservation. Shortly after the 1991 incursions in Kuwait concern arose that
the stocks might become adversely impacted from the oil slick and burning oil wells. While
adult shrimp are relatively hardy animals, their eggs and larvae are less so. Severe reduction in
water or habitat quality therefore has the potential to disrupt spawning activity and success. If
severe, this can impair recruitment of young shrimp into the fishery, which can be harmful to
the stocks. The main objective of this study was assessment of shrimp spawning activity along
the western Arabian Gulf, to identify possible changes in egg and larval concentrations (i.e.
spawning activity) since the 1991 Gulf War. The study supplements the stock assessment of
adult shrimp (3.6).

Activities

Duplicate zooplankton samples were collected at Ras Tanura and Safaniya on the Saudi
Arabian Gulf coast in April 1992. Both are known spawning areas of penaeid shrimp including
Penaeus semisulcatus, the principal commercial species in Saudi Arabian fisheries of the Gulf.
Zooplankton and penaeid larval abundance in 1992 were compared with data collected from the
same localities during the same period in the 1970's.

Results

At Ras Tanura, mean penaeid larval abundance was significantly lower in 1992 (0.275 m-3) than
1976 (6.77 m-3), whereas mean zooplankton abundance showed no significant change (Table
11). Data also suggest that penaeid larval abundance at Ras Tanura was lower in 1992 than
1975, 1977 and 1978. At Safaniya, both mean zooplankton and penaeid larval abundance were
significantly lower in 1992 (0.128 ml m-3 & 0.009 m-3) than in 1978 (0.77 ml m-3 &
16.70 m-3) (Table 12). Possible reasons for the observed patterns include natural environmental
changes, ‘normal’ background impacts  (e.g. coastal reclamation, dredging, oil pollution) and
impacts arising  from  the 1991 Gulf War.  It is suggested that interactions between these and
perhaps other factors, rather than any single cause, maybe involved. Further details are given
in IUCN (1992) and Price et al. (1993 b).
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Table 11.
Summarised statistics comparing settled plankton volumes, penaeid larval densities and
oceanographic conditions at Ras  Tanura in 1976 and 1992 (Price et al., 1993b).

1976
Mean abund.
Oceanogr. cond.

1992
Mean abund. (net A)
Mean abund. (net B)
Mean (A & B)
DF
t value (paired)
Significance
Oceanogr. cond.

1976 : 1992 (mean)
t-value (unpaired)
DF
Significance

Settled Plankton
volume (ml m-3)

0.85

1.047
1.019
1.03

3
1

NS (2-tailed)

0.647
6

NS (l-tailed)

Penaeid larval Temp. Range Sal. Range
density (nos m-3) (deg. C) (PPt)

6.77
21.3-23.9 40

0.366
0.184
0.275

3
1.207

NS (2-tailed)
22.0-22.5 40

2.847
6

P <0.01 (l-
tailed)

Table 12.
Summarised statistics comparing settled plankton volumes, penaeid larval densities and
oceanographic conditions at Safaniya in 1978 and 1992 (Price et al., 1993 b).

Settled Plankton Penaeid larval Temp. Range Sal. Range
volume (ml m-3) density (nos m-3) (deg. C) (PPt)

1978
Mean abund.
Oceanogr. cond.

1992
Mean abund. (net A)
Mean abund. (net B)
Mean (A & B)
DF
t-value (paired)
Significance

Oceanogr. cond.

1978 : 1992 (mean)
t-value (unpaired)
DF
Significance

0.77 16.704
18.2-19.6 37-38

0.128 0.008
0.355 0.009
0.241 0.009

17 17
2.316 0.141

P <0.05 (2- NS (2-tailed)
tailed)

21.0-23.0

4.243 3.946
23 22

P <0.01 (2- P <0.01 (l-
tailed) tailed)

39-45
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4. Synthesis and Conclusions

The 1991 Gulf Warg enerated much concern and interest, nationally, regionally and internation-
ally. A question frequently asked of Gulf scientists is whether environmental predictions about
the 1991 war have matched reality. Research to date indicates that a simple answer cannot
realistically be provided, a contention that can be justified on several counts. First, predictions
often have differed widely, ranging from the Gulf becoming virtually lifeless to more or less
trivial effects. In addition, not all areas of the Gulf suffered the same overt damage; for instance
oiling and petroleum hydrocarbon contamination was confined mainly to the northwestern
parts of the Gulf, while air pollution and reduced light and temperature from the burning oil
wells were more widespread. Further, different ecosystems that were exposed to oil or smoke
were not necessarily affected in the same way. For instance, available data tentatively point
towards a decline in Saudi Arabian shrimp populations, while other ecosystems and species
groups (e.g. coral reefs) may not have been so heavily impacted. The degree of environmental
damage from an event such as a war depends also on the time-scale over which its effects are
considered. Over a period of months, and perhaps even one or more years, fauna such as coastal
bird populations undoubtedly suffered significant casualties. On the other hand over a time
scale of five years (perhaps ten or more years in some instances), species populations and
ecosystems may become more or less restored, largely by natural processes. Only time will tell.

A major difficulty in assessing impacts of the Gulf War is dealing with the highly variable
spatial and temporal scales over which marine processes and species operate. Many
environmental management problems relate to theoretical and practical difficulties associated
with scale. For example, natural boundaries of different marine environments are difficult to
visualise and often defy definition, particularly in an environment that is heterogeneous and
changeable (e.g. the Gulf). Superimposing artificial/human management boundaries upon a
natural system that is inherently complex is therefore seldom straightforward. An example is
the misalignment common between the scales of natural marine systems (e.g. migratory turtles
/open sea /coral islands) and systems attempting to manage them (e.g. national institutions).

Multidisciplinary approaches to modelling and governance have been outlined (McGlade &
Price, 1993) to help overcome these and other difficulties. From this work and related studies
the following tentative conclusions may be drawn.

1. The extent of the major impact from the oil slick has been determined at abroad geographic
level (i.e. the western Gulf extending from Kuwait southwards to Abu Ali). However, a
longer-term picture of oil distribution and its fate is not yet possible.

2. The extent of population declines is known for some species groups. Hence, the marked
decline in shrimp biomass in Saudi Arabia was associated with the timing of the Gulf War.
However, whether war was the actual/only factor responsible is still not completely clear
cut. It also appears that the decline is local rather than regional. An extensive time series
will be needed to determine whether local decline observed is transient or more permanent.
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Annex 2
List of major agencies, organisations and institutions collaborating with IUCN on coastal
and marine environmental assessments of 1991 Gulf war

Eastern Caribbean Center, US Virgin Islands
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International Centre for Conservation Education
Japanese International Cooperation Agency
Meteorology and Environmental Protection Administration, Saudi Arabia
National Oceanic and Atmospheric Administration, USA
Regional Organisation for Protection of the Marine Environment, Kuwait
University of Newcastle upon Tyne, UK
University of Western Washington, USA
University of Warwick, UK
United Nations Development Programme, Saudi Arabia
United Nations Environment Programme, Kenya
World Wide Fund for Nature (WWF - International & WWF - Japan)
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