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ABSTRACT

This report summarizes the main results, conclusions and recommendations from the UNDP/ UNIDO
Coral Reef Ecology Project in Kuwait (DP/KUW/92/003/11-04) during February to December 1995.
The purpose of the project is to assist the Kuwait Institute for Scientific Research (KISR) to set up
long-term research studies on the ecology of Kuwait's coral reefs. The project aims to investigate
the structural and functional characteristics of these reefs with particular reference to natural and
anthropogenic stressors. The project has been successful, with the main aims having been achieved
and significant advances made on most aspects of the project within the scheduled 11 month
assignment period.

The project has provided new information on the status of Kuwait's coral reef communities,
including quantitative baseline data against which past and future changes in these communities can
be assessed. At present, most of the major coral reef sites examined appear to be in a healthy
condition, with some sites having high coral cover. Coral cover varies within and among reefs, with
the southern offshore reefs having the best developed coral communities, and northern inshore reefs
having lower coral cover. Coral community structure at the major reef sites appears to be similar
to that recorded by earlier workers.

Approximately 34 scleractinian coral species have been recorded from Kuwait, and a few additional
species may also be present. This relatively low coral species richness probably results from natural
environmental stressors acting to limit the number and type of corals able to survive the extremes
of temperature and elevated salinity in the northern Arabian Gulf. Records from temperature
recording data loggers deployed at Qaru reef showed that sea temperature reached a maximum of
33.9°C during August 1995, which is the highest temperature recorded on coral reefs in Kuwatt.

This project has resulted in the first records of coral reproduction in Kuwait. Despite the harsh
environmental conditions, local corals are capable of successful reproduction. The corals
investigated exhibited an extended spawning period, with two species of 4 cropora branching corals
spawning around the full moon period in May, the brain coral Platygyra daedalea spawning after the
full moon in June, and other species probably spawning in July and August. Larvae from A cropora
spp. were successfully reared through to settlement and metamorphosis into juvenile coral polyps.
Some larvae were able to survive for more than one month, and one A cropora arabensis larva was
observed to settle at four weeks of age. The extended longevity of these larvae indicates that there
1s considerable potential for long-distance dispersal of coral larvae within the Arabian Gulf, hence



reefs are likely to be biologically interconnected. An experiment on the effect of different salinity
treatments on fertilization rates in 4 cropora clathrata gametes indicates that the high salinity around
Kuwait's coral reefs probably does not inhibit fertilization in corals, whereas substantial lowering
of salinity reduces or blocks fertilization.

An experiment examining the effects of Kuwait crude oil on the settlement rates of Acropora
arabensis coral larvae, showed that relatively low concentrations of oil significantly reduces (0. 1-0.3
ppm) or blocks (1.0 ppm) larval settlement. This implies that oil pollution has the potential to
disrupt the critically important larval settlement processes which are responsible for the maintenance
and renewal of coral communities. Studies on coral growth, gametogenesis, heavy metal
contaminants and maintenance of adult corals in aquaria were also initiated during this project.
Logistical and funding problems prevented studies on the effects of natural and pollutant stressors
on adult corals, and recommendations to improve the efficiency of future projects are made.

The project results and publicity have raised scientific and public awareness of Kuwait's coral reefs,
and highlighted the need for their careful management. The major problems facing these reefs at
present are, anchor damage to corals, over-fishing, and litter. It is recommended that a single
authority be empowered to manage and protect these unique coral reef ecosystems. Priorities for
management include installation of mooring buoys around the reefs, public education about the
importance and sensitivity of these reefs and the need for their sustainable and wise use, protection
of sensitive reef sites, regulations to control fishing and other collection activities, and prevention
of littering on these reefs. It is recommended that MAD, KISR staff in conjunction with
international expertise continue studies on: coral reef communities; temperature and salinity
monitoring; coral gametogenesis, spawning patterns, larval longevity and dispersal; coral growth; and
effects of natural and pollution stressors on larval and adult corals. Consideration should also be
given to additional projects, including utilizing remote sensing techniques to examine long-term
changes in Kuwait's coral reefs, analysis of reef fish populations and fishing pressure, coral coring
to reveal long-term climatic and stress history, and preparation of detailed management plans for the
protection and wise use of Kuwait's unique sub-tropical coral reef ecosystems.



I. INTRODUCTION

This report, prepared by Dr Peter Harrison, UNIDO Expert in Marine Ecology, presents a
summary of the main activities, results, conclusions and recommendations arising from an 11
month mission to Kuwait for the UNDP/ UNIDO Coral Reef Ecology Project in Kuwait
(DP/KUW/92/003/11-04), during February to December, 1995. The purpose of this project is to
assist the Kuwait Institute for Scientific Research (KISR) to set up long-term research studies on
the ecology of Kuwait’s coral reefs. The project aims to investigate the structural and functional
characteristics of these reefs with particular reference to natural and anthropogenic stressors. The
project consists of three phases: Phase 1 - Ecological aspects; Phase 2 - Ecotoxicology of corals;

Phase 3 - Data analysis and integration.

A. Project Background

Kuwait has a number of important coral reef ecosystems within its territorial waters. These
coral reefs have significant ecological and economic values, and provide essential habitats for
many hundreds of species, including some species of commercial importance. In addition,
these reefs have important amenity values for recreational fishing, boating and scuba diving.
Kuwait’s coral reefs are also of great scientific interest because they occur in an extreme
environment, beyond the normal limits for coral survival and reef growth (Downing, 1985;

Sheppard and Wells, 1988).

The destruction of oil wells, oil processing facilities and shipping during the occupation of
Kuwait in 1991 resulted in approximately 10.8 million barrels of oil being released into the
Arabian Gulf between January and June 1991, which represents the largest single oil spill in
history (Saenger, 1994). The potential impacts of these massive oil slicks focused international

attention on the fate of Kuwait's marine environment and its coral reefs.

Following the liberation of Kuwait, the task of rebuilding the countr&'s industrial and research
infrastructure began. A series of collaborative projects with the UNDP and UN agencies were
established to assist the Government of Kuwait in assessing and overcoming major

environmental problems resulting from the invasion of Kuwait and the Gulf War. The UNDP



requested UNIDO to assist the Kuwait Institute for Scientific Research (KISR) to plan studies
for monitoring chemical pollutants and the effect of petroleum hydrocarbons upon the ecology
of the marine environment. A one month mission by Professor Peter Saenger in 1993 to
assess the marine environmental research programs within KISR, highlighted the need for
strengthening of expertise in the coral ecology area. As a result, the Kuwait Coral Reef
Ecology Project was established to investigate the structural and functional characteristics of

Kuwait's coral reefs with particular reference to natural and anthropogenic stressors.

B. Project Objectives

This project consists of three interrelated phases with the following major objectives, as

defined in the job description for this mission (refer to Annex 1):

hase 1. Ecological A

1. Re-assemble all of the regional transect data compiled by Downing (1985, 1991) and
Downing and Roberts (1992) from Kuwait’s reefs, re-survey these reefs using identical
techniques and the line-intercept method, then survey all 13 coral communities of Kuwait.
Compare coral species composition and coverage for all reefs, pre-and post-war differences

where data are available, and differences between offshore, nearshore and inshore reefs.

2. Investigate the reproductive status, fecundity, spawning period, and gametogenesis of a

range of coral species.

3. Initiate coral growth rate studies by staining coral skeletons with Alizarin Red, and re-

measuring them at yearly intervals.

4. Sample selected species of corals from all sites to determine heavy metal levels in their

tissues.



Phase 2: toxicol of )

5. Once reproductive gametes and larvae are available, set up experiments to determine the
effects of different salinities, temperature, light intensities, and a range of pollutants on coral

larval development and survival.

6. Commence trials to maintain mature corals in aquaria under ambient conditions for
subsequent investigations of factors limiting growth and survival, and ecotoxicological

responses to a range of pollutants.

Phase 3: Data Analysis and Integration

7. Integrate data from Phases 1 and 2 to identify factors limiting coral communities, predict
responses to natural and human-induced stressors, and develop management plans for reefs of

high conservation value.
Other duties
8. Identify equipment and training needs required for the project.

9. Submit interim progress reports, prepare an evaluation report, and submit a final report

giving the findings and recommendations.

C. Project Qutcomes

The project has been successful, with the main aims having been achieved and significant
advances made with respect to the specific project objectives. Additional work during the
assignment has resulted in the spawning patterns for ecologically important coral species being
determined, KISR funding being obtained for a research proposal for this project, the
establishr;lent of new research laboratories, and publications and media reports about the
project. Details of the progress towards each objective are provided in section II below.
Some objectives were slightly modified for logistical reasons, as outlined in the Project

Performance Evaluation Report, and below.



II. SUMMARY OF ACTIVITIES, RESULTS AND CONCLUSIONS

A. Situation at the outset of this mission

The detailed project objectives, as defined in the job description for this mission (refer to Annex
1), were ambitious considering that this mission had an effective working period of less than 10
months. Accordingly, arrangements were made with the Mariculture and Fisheries Department
(MFD), KISR for the purchase or provision of some essential equipment prior to arriving in
Kuwait in February 1995. It was assumed that basic laboratory equipment and funding for the

research component of the project were available at KISR.

Upon arrival in Kuwait, it became apparent that KISR had no specific budget for this project, and
I was requested to prepare a detailed research proposal for KISR to expedite funding. The
project was to be based at MFD, where new laboratory facilities and offices were being completed
but were not yet available. Temporary office accommodation was provided at MFD, together
with access to a new 32’ research vessel, and underwater video and computer equipment.
However, with the removal of KISR equipment during the occupation of Kuwait, and subsequent
budget constraints, other laboratory equipment or facilities were not readily available for this
project. Urgent orders were placed for essential equipment and supplies, as there was likely to be
a delay of up to 3 months for delivery of items. Three excellent professionals from MFD were
assigned to work on this project: Shaker Alhazeem (90% time allocation), Adel Alsaffar (20%
time allocation) and Iman Al-Sabah (40% time allocation, from April-June).

The first 8-10 weeks of the assignment were devoted to preparing the research proposal for KISR
(refer to Annex 2), contacting suppliers and organising many quotes and orders for equipment,
‘running in’ the motors for the new vessel during sea trials, and establishing the research
programme with counterparts. Additional delays in establishing the project were experienced due
to restricted working hours and access to facilities during the holy month of Ramadan in
February, and a five week delay in clearing airfreight which contained personal research

equipment brought from Australia for use during this project.



1. Subsequent progress

Field work began in April following completion of the research vessel trials and service. Access
to the newly completed MFD office and laboratory buildings in April allowed new research
laboratories for this project to be established. The new Coral Reef Ecology laboratory is fully
operational, with substantial new equipment including microscopes, lights, micropipettes,
precision balance, diving safety equipment, data loggers for recording seawater parameters,
seawater heaters, aquaria, and many other laboratory items (refér to Appendix in the KISR
Proposal, 2). A second laboratory was established to analyse the underwater video footage of the
coral reef communities and footage of coral spawning, using Hi-8 video equipment and a high
resolution monitor. Various outdoor flow-through aquaria were established to maintain corals
and raise coral larvae, and three wet laboratories were used to study and record coral spawning

behaviour, and for larval settlement experiments.

The research proposal prepared for KISR was reviewed at a Technical Review Meeting in June,
approved in September, and the project budget account allocated in November 1995. KISR
funding of 31,000 KD was approved for this project. This funding is equivalent to
US$105,085.00 (calculated from the 1995 UN operational exchange rate of 0.295).

2. Recommendations

The logistical and funding problems encountered during the earlier stages of this project delayed
the research programme and reduced productivity. Therefore, for future collaborative projects of
this type where a new research programme is to be established, it is recommended that the expert
assigned to the project be contracted for a short period prior to the main mission, to assess the
facilities available, and the funding, equipment, number of personnel, and the time period required
to complete the project. This assessment could be done by a preliminary mission to Kuwait, or in
some cases by detailed correspondence. The main mission should then proceed when the

necessary funding, equipment, and other support from the counterpart organisation are available.
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B. Phase 1: Ecological Aspects

1. Coral reef surveys

1.1 Summary of previous studies

Some detailed data are available on the coral communities at the three main offshore island reefs
from Kuwait (Kubbar, Qaru and Umm Al Maradem) from previous transect surveys by N.
Downing and co-workers (Downing, 1985, 1989, 1991, 1992; Downing and Roberts, 1992,
1993). In addition, some quantitative survey data and qualitative observations of the coral
communities at some other Kuwait reefs are available (op. cit., Fadlallah ef al., 1993; Hodgson
and Carpenter, 1995). The combined survey data show that the coral communities, live coral
cover and coral species richness vary considerably at different areas of each reef, and among

different reefs from Kuwait.

The most extensive data are given in Downing (1989) who surveyed a total of ninety six 50 metre
transects along 24 main transect lines at the three main offshore island reef sites (Kubbar, Qaru
and Umm Al Maradem). At some sites, repeated surveys were done between 1982 and 1987
(Downing, 1989). The repeated survey data show that the coral communities at most deeper reef
sites have remained fairly stable through time, whereas the shallower water reef flat communities
at some sites have suffered significant periodic mortality resulting from natural perturbations and
stress in 1982-83 and 1984-85. Downing (1991, 1992) re-surveyed a few sites at the three
offshore island reefs in July 1991, six months after the Gulf War oil spill, and found no evidence
of stress or mortality from oil pollution. Subsequent surveys during May 1992 (Fadlallah ez a/.,
1993) and November-December 1992 (Downing and Roberts, 1992, 1993), indicated that
significant recent coral mortality and stress had occurred on some reef flat sites. The timing of the
observations of coral stress indicated that the unusually low sea temperatures during the winter of
1991-92 may have been the cause of the coral stress and mortality, however, potential long-term
effects from the oil spill could not be ruled out (Fadlallah ef al., 1993). Saenger (1994) noted that
there were no statistically significant differences in the number of coral species or families
recorded at oiled versus non-oiled reefs and inshore versus offshore reefs in Kuwait following the

Gulf War.
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1. 2 Preliminary reef surveys and modifications to the survey design

Preliminary surveys of the major reefs in Kuwait for this project began in April 1995, with a view
to repeating the earlier surveys of Downing (1985, 1991) and Downing and Roberts (1992) as
outlined in the project objectives. However, a number of logistical difficulties with re-locating the
same sites, and problems with the design of the earlier surveys became apparent. Details of these
problems and suggested modifications to the survey design were given in a previous interim

report, and are summarised here.

The major difficulty with repeating the line transect surveys by Downing (1985, 1991) and
Downing and Roberts (1992) is that it is not possible to accurately relocate the previous study
sites because; the study sites were not marked, the main reefs are more than 1 km in extent,
details of the transect bearing are given for some sites, but some sites are described only in
general terms (Downing, 1991; Downing and Roberts, 1992). More complete location details
are given for some sites in Downing (1989), where relocation of the survey sites was achieved
through the use of a highly accurate Mini-Ranger position fixer which allowed sites to be
repositioned to within 1 metre. However this expensive equipment was removed in the
invasion and has not been replaced. Given the large variability of the coral communities over
scales of a few metres, it is likely that the repeated surveys might be done in different reef
environments within the same general area, making any comparisons of community data difficult.
Thus site relocation error is a problem for repeated coral reef surveys in the absence of position

fixing equipment.

Another significant problem with repeating the previous surveys is that they were based on a
single fixed transect at most sites. Statistically meaningful comparisons of communities over
time require a replicated survey design to adequately quantify community structure and variability
(e.g. Hurlbert, 1984). Replicated surveys at each site overcome the requirement for accurately
relocating the exact same transect path within each community. In addition, the previous surveys
were concentrated in the deeper reef slope zones, whereas the major changes that have been
observed on Kuwait’s coral reefs have been mortality events and damage to the shallow water

reef flat communities. As it is likely that future impacts from natural stress events and human-



12

induced damage and pollution will be greatest on the reef flat and upper reef slope zones, surveys

in these areas are essential.

Given these problems, and the extensive time periods required for manually recording underwater
line transects, it was not logistically feasible or particularly useful to repeat exactly the previous
survey methods. Instead, the survey design for this project was changed to overcome these
problems, and to take advantage of recent improvements in sampling design and survey
techniques. Pilot studies were done at Kubbar reef and Qaru reef in April using replicated SOm
underwater video transects to quantify the status of the benthic communities (Table 1). The
results showed that the video technique is ideally suited to surveys of Kuwait’s reefs. Video
surveys provide robust quantitative data, a permanent video record of the sites, and are more
time-efficient than convential underwater transect survey methods. Video surveys are now used
as the standard method for coral reef community surveys at many reef areas around the world

(e.g. Carleton and Done, 1995; Harriott et al., 1995; Harrison et al., 1995 a,b).

At each reef studied, an initial survey was made to assess the areas of greatest coral cover in the
shallower reef zones, and visual comparisons made with the coral community habitat maps
provided in Downing ef al. (1989). Survey sites were then selected and prioritised, and at each
site seven 50 m transect lines were recorded using a high resolution underwater video camera.
Where possible, the quantitative surveys were done in the same reef areas surveyed previously by
Downing and co-workers, to facilitate comparisons with the earlier data. Additional qualitative
surveys were done at other sites around the reefs to record the coral species present, and the

nature of the coral and other benthic communities.

Progress on the reef surveys after April was restricted due to intensive work on coral
reproduction and laboratory experiments (see sections 2.0 below). It had been planned that the
main reef surveys would be done in September and October 1995. However, progress was slowed
by illness among the research team which prevented safe diving during September, many periods
of strong winds and rough seas during October-November which precluded safe travel to the
reefs, a reduction in personnel available to work on the surveys and transect data, and problems
with the engines on the research vessel which required servicing following breakdowns at sea. As

the main coral reefs are located 45-95 km away from MFD harbour, travel to offshore reefs and
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the video surveys can only be done during periods of good weather. These time constraints will

need to be taken into account when future surveys are planned.

1.3 Results of the reef surveys

Surveys have been done at four main coral reefs in Kuwait: Kubbar, Qaru, Umm Al Maradem
and Qit’at Urayfijan (Fig. 1). Additional visual surveys have been done at smaller patch reefs to
the north of Kubbar and Qaru reefs, and at two coastal sites at Messilah Beach and in the MFD
harbour (Fig 1). Quantitative video surveys have been done at Kubbar (5 sites), Qaru (6 sites) and
Umm Al Maradem (2 sites), representing a total of 95 transects at 13 sites with 4,750 metres of
transect footage. The majority of transects have been analysed (refer to Tables in Annex 3), and
the remaining sites will be analysed by MFD staff. The results of these quantitative surveys and

visual habitat assessments of other reef areas are summarised below.

At present, the coral reef benthic communities at the reefs studied during this project appear to be
in a generally healthy condition. There is little evidence of recent stress or coral mortality at these
reefs, although dead coral colonies from previous mortality episodes contribute substantially to
the reef substratum. Coral cover and species richness vary greatly around each reef, and among
different reefs. The southern offshore reefs tend to have the best developed coral communities,
with some sites at Qaru reef having very high coral cover (Fig. 2). The reef flat zones with high
coral cover are dominated by massive Porites, and in some areas by branching Acropora, with a
range of faviid brain corals and other taxa present (Tables 1-3). Many reef flat areas are
comprised of mainly dead coral, with large areas of sand and sporadic living coral colonies (Table
4). The upper reef slope zones are dominated by very large Porites lutea colonies, some of which
are many metres in diameter and are likely to be hundreds of years old. A relatively diverse coral
community extends from the upper reef slope zone down to the reef base, with the deeper areas
dominated by faviid brain corals and other taxa. Coral cover tends to be lower on the northern

inshore reefs, with a reduced abundance of Acropora branching corals and some other coral taxa.

Very little macroalgae, soft coral or other encrusting benthic invertebrates are present on the reefs
examined. This is an unusual feature of Kuwait’s coral reefs, because other sub-tropical reefs

typically have substantial cover of macroalgae, soft corals and other invertebrates which
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potentially compete with reef corals (e.g. Harriott et al., 1994, 1995; Harrison et al., 1995 a,b).
Sea urchins, particularly Echinometra mathaei, are extremely abundant on these reefs, and their
grazing activities probably have a major influence on the benthic communities. Grazing by urchins
may prevent the establishment of macroalgae, and is likely to limit recruitment of soft corals, reef
corals and many other invertebrates on reefs with high urchin densities. These urchins are also
known to be important bio-eroders, and contribute significantly to destruction of dead coral

skeletons (Downing and El-Zahr, 1987).

The southern offshore reef around Qaru island, has the best developed coral communities
observed in Kuwait, with site 3 having a mean live coral cover of 81% (Table 2). Live coral cover
at other sites ranged from 32-67% (Tables 1,3,4). These values compare favourably with results
from recent surveys of many reef sites from the Great Barrier Reef , Australia, where mean live
coral cover ranged from 12 - 52% (Oliver et al., 1995). The coral community at Qaru reef is
dominated by branching and plate Acropora colonies at sites 1,3 and 4, with massive Porites
colonies dominating site 5 and at many other reef flat areas (Tables 1-4). Sea urchins are very
abundant in areas with substantial cover of dead coral and contribute 4.1% mean cover at site 1

(Table 1) and up to 17% cover in some transects at site 5 (Table 4).

The most important coral community on the reef flat is at Site 3, approximately 50 metres to the
south of the island. This community is dominated by very large plate and branching Acropora
colonies, some of which are more than 4 metres in diameter. These colonies appear to have been
growing undisturbed for decades, and their growth form makes them highly susceptible to anchor
damage. Other sites with high Acropora cover (sites 1, 2 and 4) are also highly vulnerable to
anchor damage, hence much of Qaru reef needs to be pfotected from anchor damage. Some
evidence of anchor damage or breakage of coral colonies due to storm events was evident in the
transects at Qaru reef. At site 1, fragmented living coral branches had a mean cover of 1.3%,
while dead coral rubble occupied 15% of the transects (Table 1). The problem of anchor damage
is a major management issue that will need to be dealt with in the near future to avoid destruction

of these fragile coral communities.

The survey sites at Kubbar and Umm Al Maradem reefs encompass a range of coral communities

but tend to be dominated by Porites, with reduced cover of Acropora spp (Tables 5-8). Live coral
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cover ranged from 5-59% at Kubbar reef (Tables 5,6), and 27-56% at Umm Al Maradem reef
(Tables 7,8). Urchins covered between 7-24% of the transects (Tables 5-8). Both of these reefs
are very popular destinations for boating and fishing, and have reduced cover of fragile branching
corals and fewer fish present compared with Qaru reef, which is further offshore and less
frequently visited. The increased visitation rates and fishing pressure at Kubbar and Umm Al

Maradem reefs may have contributed to these differences in the coral fish communities.

The inshore reef at Qit’at Urayfijan and the smaller reefs to the north of Kubbar and Qaru islands
have patches of moderate coral cover dominated by Porifes and brain corals. Despite it’s
proximity to the major sites of oil release during the Gulf War and potential impacts from
industrial effluents from the port facilities, Qit’at Urayfijan supports a moderately diverse coral
community. Some large coral colonies are present on the reef flat and reef slope, which clearly
survived the 1991 Gulf War oil spill. The coastal sites at Messilah beach and the MFD harbour
contain an assemblage of small coral colonies which are potentially up to 8-10 years in age. High
sediment levels and cold winter temperatures will limit the development of coral communities in
the northern coastal areas of Kuwait, although isolated coral colonies are likely to be found on

some subtidal rock platforms.

1.4 Conclusions and recommendations

It is recommended that additional quantitative and visual surveys be done to assess the status of
the coral communities at other sites on the reef flat and reef slope of the four main reef systems
studied in this project, and at Mudayrah, Taylor Rock, Qit’at Bénaya, Getty Reef, Qit’at Bnaider,
Twin reef and Naval Base reef (Fig. 1). These surveys should be done by MFD staff utilising the
training and methods from this project, with additional assistance for interpretation and statistical
analysis from a coral ecologist familiar with the region. When these additional surveys are
completed and all the transect data analysed, the combined data will be published in an
international refereed journal. Elements of the work will be included in the book ‘The Corals and
Coral Reef Fishes of Kuwait’ being prepared for publication in 1996.

The combined surveys will provide a robust quantitative baseline data set against which previous

changes in the reef communities can be compared and future changes monitored. In this context,
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it is recommended that the general health of the reef communities at the four main reefs be
visually inspected every 3-4 months when temperature data are retrieved from the data loggers at
each reef (refer to section B.3). Any sites showing signs of coral stress, recent mortality or
physical disturbance should be re-surveyed and monitored to examine the outcome. It is also
recommended that the surveys of the main reefs in Kuwait be repeated at intervals of 1-2 years, or
after significant perturbations, to monitor long-term changes or stability of these communities.
These survey methods and data should also be used to develop a rapid response plan to quantify
and monitor impacts and any subsequent mortality or recovery of Kuwait’s coral reef
communities resulting from natural catastrophes, and human disturbance including pollution
events. This plan should be co-ordinated through the EPA, KISR and other appropriate

organisations.

When all the current survey data are available, the present status of these coral communities
should be compared in detail with data from previous surveys. Allowing for differences in scope
and methodology of the various surveys of these coral communi.ties, it is apparent that the present
status of the coral communities at the main reef systems in Kuwait is essentially similar to that
observed in previous studies (e.g. Downing, 1985, 1989, 1992, Downing and Roberts, 1993;
Hodgson and Carpenter, 1995). One noticeable difference is the reduced abundance of the small
branching coral Stylophora pistillata on the reef flat at Qaru. This coral species was relatively
common at this site until at least May 1990 (Hodgson and Carpenter, 1995; K. Carpenter, pers.

comm.), but was rarely observed in this study.

Overall, there appear to have been few major changes in the structure and status of these coral
communities since the last previous surveys after the Gulf War (Downing, 1992; Downing and
Roberts, 1993). Long-term changes in Kuwait’s coral reef communities and the coral cays should
also be monitored using satellite images from the past ten years. This work should be done in
collaboration with Dr Andy Kwarteng, Research Scientist on Remote Sensing, EES, KISR, and
the data from this project should be used to ground truth recent satellite images from the main

reef sites.

The data from this project also lend support to the conclusions from previous surveys done after

the Gulf War, that the massive oil spill during 1991 had only limited impact on Kuwait’s coral
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reefs (Downing, 1991, 1992; Downing and Roberts, 1992, 1993; Saenger, 1994). This result was
unexpected because oil hydrocarbons are known to be toxic to reef corals (e.g. Loya and
Rinkevich, 1980; Bak, 1987; Harrison et al., 1990; see also section B.5). This finding raises
important questions as to why the massive oil spill had unexpectedly low impacts on reef corals,
and highlights the need for further information on the toxicity of Kuwait crude oil to corals (refer

to section C.2).

2. Coral species richness

Correct taxonomic identification of scleractinian corals is an essential pre-requisite for
understanding the ecology of coral reef communities, and for their management. However, the
taxonomy of scleractinian corals is complex, particularly for sub-tropical corals growing near their
latitudinal limits. Previous surveys of corals from Kuwait by Downing (1985, 1989) distinguished
28 scleractinian corals from 21 genera. Of these, 17 species were definitively identified
(Downing, 1989). Subsequent surveys by Hodgson and Carpenter (1995) recorded 28
hermatypic (reef building) and 6 ahermatypic (non-reef building) scleractinian coral species from

Kuwait, including a newly described species, Acropora arabensis.

The coral reference collection, photographs and records housed in KISR were almost all
destroyed during the invasion and occupation of Kuwait. Therefore, additional coral specimens
were collected, photographed and studied during this project to provide a new reference
collection of corals at MFD, and to support the ecological studies. Most of the coral species
collected and identified have been recorded previously by Downing (1985,1989) or Hodgson and
Carpenter (1985). In addition, analysis of the recent coral collection indicates that there are at
least three forms of the branching coral Acropora arabensis identified by Hodgson and Carpenter
(1985). Dr Carden Wallace, the leading authority on the taxonomy and biogeography of the
genus Acropora, has agreed to examine a range of Acropora specimens from Kuwait to confirm
their identity. The recently collected corals may also include at least one species of brain coral
(Family Faviidae) not recorded by Hodgson and Carpenter (1985). Thus, it seems likely that
further detailed taxonomic studies will slightly increase the number of coral species recorded on

Kuwait’s reefs.
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The total of thirty four coral species recorded from Kuwait represents a relatively low species
richness, and community diversity is further reduced by the dominance of Porites compressa,
Acropora spp., and a few brain coral species at most reef sites. Compared with the 28 hermatypic
coral species identified from Kuwait, 38 hermatypes are known from Saudi-Arabia and Bahrain,
while at least 53 species occur in the Gulf of Oman (Hodgson and Carpenter, 1995). Thus, coral
diversity in the Arabian Gulf decreases northwards, with increasing distance from the Indian

Ocean.

The low coral species richness in Kuwait probably results from natural environmental stressors
acting to limit the number and type of corals able to survive the extremes of temperature and
elevated salinity in the northern Arabian Gulf region. The extreme environment is likely to result
in periods of physiological stress in these essentially stenohaline tropical coral species, hence local
populations of coral species surviving near their ecological limits will tend to fluctuate over time
in response to extreme climatic events. The reduced abundance of Stylophora pistillata at Qaru
reef (refer to section B1.4), may represent the outcome of localised stress, as pocilloporids are
quite sensitive to environmental changes (P. Harrison, unpubl. obs.). The physiological tolerance
limits for temperature and salinity in a range of coral species present in Kuwait could be
determined experimentally, in order to predict the consequences of extreme climatic events, and

the potential sensitivity of these species to pollutants.

Photographs of living coral species and other reef biota taken during this study have been used in
various media reports and publications, and for a poster on Kuwait’s coral reefs. In addition,
some of these photos and data on coral species will be included in the book ‘The Corals and Coral
Reef Fishes of Kuwait’ being prepared for publication in 1996. It is recommended that the coral
reference collection be carefully stored and maintained as a permanent working collection at

MFD, with additional specimens housed in museums or in other taxonomic collections overseas.

3. Sea temperature records

-

Corals and coral reefs are generally restricted to tropical seas experiencing moderate sea
temperatures above 18°C, and normal oceanic salinity around 35 parts per thousand. By

comparison, the northern Arabian Gulf represents an extreme environment for corals and may
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limit reef development. Downing (1985) found that sea temperature and salinity vary on a
seasonal basis, and recorded sea temperature ranging from 13.2°C to 31.5°C, and salinity ranging
from 38.6 to 42.4 ppt on Kuwait’s coral reefs. Hodgson and Carpenter (1995) noted that
temperatures in shallow water range between 11.5 to 33.4°C in Kuwait, and elsewhere in the Gulf
temperatures up to 35.1°C, and salinity up to 70 ppt have been recorded (Coles, 1988; Coles and
Fadlallah, 1991).

In order to quantify seasonal extremes and changes in sea temperature, continuous temperature
recording data loggers were deployed on the reef flat and reef slope at Qaru reef, and in the MFD
Harbour during July 1995. The results have shown that corals and other biota at Qaru reef are
subjected to extremely high temperatures above 32°C for considerable periods of time during the
summer season (Fig. 3). The highest sea temperature recorded was 33.9°C during August,
coinciding with a maximum air temperature recorded in Kuwait above 52°C. This maximum
temperature represents a substantial increase in the known thermal tolerance for reef biota in
Kuwait. As expected, the reef flat site at Qaru reef was generally warmer and experienced greater
fluctuations in temperature than the reef slope site at 5 m depth (Fig 3). The more extreme reef
flat environment may limit the distribution of some corals such as Turbinaria and Pavona species

to deeper reef zones.

It is recommended that staff from MFD deploy additional data loggers on the reef flat and reef
slope at Kubbar, Umm Al Maradem and Qit’at Urayfijan reefs during December 1995, and that
the data from these reefs and Qaru reef be retrieved every 3-4 months in future. Continuous
monitoring of temperature on these reefs will allow long-term temperature records and periodic
extremes to be documented for these reefs. The data will provide essential information for
observing and predicting stress responses of the coral communities to temperature extremes, and
for correlating coral gametogenic and spawning patterns with changes in sea temperature. If
sufficient funds are available in future, it is recommended that combined temperature and salinity
data loggers be deployed on these reefs, in order to monitor both of these important natural

environmental parameters likely to affect coral reef communities.
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4. Coral reproduction studies

4.1 Coral reproductive ecology

The processes of reproduction, larval development and recruitment of scleractinian reef corals
are essential for the initiation, maintenance and renewal of coral reef communities (reviewed
by Harrison and Wallace, 1990). Therefore, in order to understand the ecology of coral reefs
and predict the likely impacts of disturbance, it is necessary to understand the mode and timing
of coral reproduction, and the tolerance of reproductive processes to stress. The recent
renaissance in coral reproductive studies has greatly increased understanding of coral
reproductive patterns (reviewed in Fadlallah, 1983; Harrison and Wallace, 1990; Richmond
and Hunter, 1990). On the Great Barrier Reef, Australia, and in some other coral reef
regions, many different species of corals participate in synchronised multi-specific mass
spawning events on a few predictable nights each year (Harrison et al., 1984; Willis et al.,
1985; Babcock er al., 1986; Harrison and Wallace, 1990; Harrison, 1993). In contrast, in the
Red Sea and some areas of the Caribbean, the ecologically dominant coral species have
separate spawning periods (e.g. Shlesinger and Loya, 1985; Szmant, 1986).

4.2 Results and conclusions

The hostile environmental conditions in the Arabian Gulf raised questions as to whether local
corals would be capable of sexual reproduction, and if so, what the pattern of reproduction within
and among species would be. There had been no previous studies of coral reproduction in corals
from Kuwait. Developing gametes were found in some coral species during reef surveys in April
1995, so subsequent field and laboratory work focused on coral reproduction studies. During
May, more than 100 colonies of the plate and branching coral species Acropora clathrata and
Acropora arabensis at Qaru reef were mapped and tagged to allow repeated sampling and
monitoring of known colonies to determine the spawning period. In addition, portions of many
colonies were carefull)} transported back to aquaria at MFD for observations of coral spawning,

and for access to spawned gametes and larvae.
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Spawning of Acropora colonies in aquaria and in the field began a few nights prior to the full
moon period in May, with more extensive spawning activity during the week after the full moon.
These are the first records of coral reproduction occurring in Kuwait. The spawning behaviour
was typical of Acropora species (Fig. 4), however, the pattern of spawning was much less
synchronous both within colonies and in populations than has been recorded from most other
locations (Harrison and Wallace, 1990). Fadlallah (in press) recently reported synchronous
spawning in the same Acropora coral species from reefs in Saudi Arabia around the full moon
periods in April-May. Recent work on the reproduction of subtropical corals from the East coast
of Australia has shown an asynchronous pattern of spawning among Acropora colonies and

species (Harrison, 1993; Wilson, ms submitted), which is similar to that observed in Kuwait.

Many thousands of coral larvae were reared from the spawned Acropora gametes, and larvae
were able to settle and metamorphose normally. Thus, the Acropora spp. in Kuwait are able to
reproduce successfully, and therefore potentially contribute to the essential larval settlement and
recruitment processes which maintain these northern coral populations. Given the relatively small
size and isolation of Kuwait’s reefs, the highly buoyant nature of the eggs and developing larvae,
and their minimum planktonic development period of 4-6 days, it is likely that the majority of
coral larvae are swept away from their natal reefs after spawning occurs. The subsequent patterns
of larval dispersal are likely to vary from year to year according to local circulation and wind
patterns in the northern Arabian Gulf. The longer these larvae are able to survive and remain
competent to settle, the greater chance of their dispersal to other regions. Of particular interest is
the fact that some Acropora spp. larvae survived for more than a month, and one Acropora
arabensis larva was still able to settle successfully four weeks after spawning. This suggests that
some coral larvae from Kuwait may be transported substantiai distances within the Arabian Gulf,
and may recruit onto reefs in Saudi Arabia and other southern regions. Thus coral reefs in this
region are likely to be biologically interconnected, which has important implications for

management of coral reefs on an international rather than national basis.

Additional detailed study on reproductive patterns of other ecologically important species showed
that the brain coral Platygyra daedalea spawned mainly 4-5 nights after the June full moon. The
spawning behaviour was identical to that observed for this species on the Great Barrier Reef (Fig.

5; cf. Willis ez al., 1985, and Babcock er al., 1986), and spawning was more synchronous
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within and among colonies compared with the pattern of spawning observed in Acropora spp.
during May. Platygyra larvae were reared successfully for a few days after spawning, but most of
these larvae died suddenly a few days later preventing further detailed study. Additional studies
of coral spawning patterns were completed in July 1995. Dissections of coral samples collected
on 22 July indicated that some massive Porifes colonies had maturing sperm and may have
spawned in August, and one Favia brain coral colony had immature sperm indicating that
spawning probably occurred in late August or September. Thus, this aspect of the project has
been more successful than anticipated. The study has been the first to demonstrate that the major
reef-building corals of Kuwait are sexually reproductive, and have an extended spawning period

from May until at least August.

The coral spawning behaviour was recorded with macro-photographs and on video. These
images have been used to highlight the discovery of the coral spawning in various media reports in
Kuwait and overseas (refer to section II.LE). The results of this study will be published in an
international refereed journal. The discovery of coral spawning in Kuwait creates substantial new
opportunities for future research, and also provided access to spawned gametes and larvae for
stress and toxicity experiments, as outlined in section IL.C. Gametogenic samples collected prior
to the spawning periods in 1995 provide a means of assessing polyp fecundity among different

coral species.
4.3 Recommendations

It is recommended that research on coral spawning patterns continue in future to confirm the
spawning patterns observed in 1995, and to document the spawning periods of other coral
species in Kuwait. In particular, the mode and timing of reproduction of Porirtes spp. and
Favia should be studied further. Additional gametogenic samples should be taken from ten
tagged colonies of Acropora arabensis, A.clathrata and Platygyra daedalea at Qaru reef by MFD
staff. The samples should be collected during December 1995, and in 1996 during February,
April, and just prior to spawning to determine the gametogenic cycles of these species. Further
training in polyp dissections and fecundity analysis will be required. The patterns of gamete
growth and maturation should be compared with seasonal changes in sea temperature recorded

from data loggers. In addition, long-term experiments to determine the effects of temperature on
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the cycles of gametogenesis and spawning in two coral species should be set up at MFD. Detailed
studies of the rates of larval development and longevity should be done to determine the dispersal
potential for coral larvae from Kuwait’s reefs. This study could be done in conjunction with

oceanographers at MFD.

5. Coral growth studies

The rate at which coral colonies grow is an important factor in reef development. No previous
studies of coral growth have been done in Kuwait. More than 40 colonies of Acropora
arabensis, A. clathrata, Porites compressa, P. lutea and a few brain coral colonies were stained
with Alizarin Red S calcium stain during September and October at Qaru reef. The alizarin stain
is incorporated into actively growing areas of the coral skeleton, and leaves a permanent stain line

which can be used to determine subsequent growth rates.

It is recommended that samples of the stained coral colonies be collected by MFD staff
assigned to the project, during April and in September-October 1996. This will allow the
growth rate after 6 and 12 months to be determined for the major reef building corals in
Kuwait. The data on coral growth rates will be published in a international refereed journal,
and the data should be used by management authorities to help predict the likely rate of
recovery of coral communities from future mortality events. In addition, it is recommended
that the size of some of the larger colonies of each species be accurately measured in order to
determine their approximate age. The largest Porites lutea colonies observed at Qaru reef
were metres in diameter, and are likely to be many hundreds of years old. An additional
project for future consideration would be analysis of skeletal cores taken from these large
Porites colonies using the coring techniques developed by Isdale (1984). Analysis of such
cores from other regions have shown that skeletons of massive Porites corals provide long-
term records of climate, rainfall, and pollution events affecting the reef environment (e.g.

Isdale, 1984; Barnes and Lough, 1989; Dodge et al., 1992).
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6. Heavy metal levels in corals

Recent work has shown that reef corals are useful bio-indicators for monitoring heavy metal
pollutants in reef environments (e.g. Hanna and Muir, 1990; McConchie and Harriott, 1992).
There are no data on the levels of heavy metals in corals from Kuwait. It had been proposed
to sample selected species of corals from the major reef sites in Kuwait to determine heavy
metal levels in their tissues. However, this aspect of the project has not been completed due to
delays in funding for this research. This work is now being done in collaboration with Dr.
Bou-Olayan from Kuwait University, an analytical chemist specialising in heavy metal
analysis. Due to the complexity of the analysis, a pilot study has been initiated to examine
heavy metal levels in corals from Qit'at Urayfijan, which is an inshore reef close to a major
industrial port, and therefore likely to be exposed to heavy metal pollutants. Samples from
Porites compressa and the brain coral Cyphastrea microphthal}na were collected from Qit'at
Urayfijan in November 1995, and will be analysed during 1996.

Based on the results of the pilot study, further samples should be collected from the four major
reefs in Kuwait to determine heavy metal levels in coral tissues from the same species, in
sediment, and in seawater. These sites represent a range of reef environments likely to differ
in their ambient concentrations of heavy metal pollutants. Once detailed information on the
type and concentrations of heavy metals is available, coral tissues could be used to monitor

heavy metal pollution in Kuwait waters.

C. Phase 2: Ecotoxicology of immature and mature corals

1. Ecotoxicology experiments with coral gametes and larvae

Spawned gametes and coral larvae have recently been used to test the toxicity of oil
hydrocarbons, dispersants, heavy metals and nutrients on essential sexual reproductive
processes (Harrison, 1994, in prep.; Reichelt and Harrison, in prep; Harrison and Ward, in

prep). The results indicate that these reproductive phases are very sensitive to toxicants.
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1.1 Effects of salinity on fertilization rates in corals

Following the main night of Acropora spp. spawning on 17 May, an experiment was done to
examine the effects of different seawater salinities on fertilizatior_l rates of Acropora clathrata
gametes. World ocean salinity averages 35 ppt, whereas salinity in the Arabian Gulf is higher, and
salinities of 38-42 ppt have been recorded around Kuwait’s reefs (Downing, 1985). Spawned
eggs and sperm from different colonies were exposed to different salinities, and percentage
fertilization rates determined after 4-6 hours. Five replicate vials were used for each pollutant
concentration and the control treatments with normal seawater, and the experiment was

duplicated using a reciprocal cross-fertilization design (Harrison, 1994).

Normal high rates of fertilization (92-100% mean fertilization) occurred in 39, 36 and 32 ppt
salinity; 75-85% fertilization occurred at 27 ppt; and fertilization was blocked at 21 and 18 ppt
and below. The results indicate that the high salinity levels around reefs in Kuwait probably do
not inhibit fertilization. Not surprisingly, substantial lowering of salinity results in reduced
fertilization, however lowered salinity is unlikely to occur around reefs in this region, particularly
during the period of coral spawning. The results of this study will be published as a short paper in

an international refereed journal.

1.2 Effects of oil hydrocarbons on coral larval settlement

An experiment was done to examine the effects of the water accommodated fractions (WAF) of
Kuwait light crude oil on the ability of Acropora arabensis coral larvae to settle and
metamorphose into juvenile polyps. The oil WAF in seawater was prepared following the
methods of Harrison (1994), and a known number of larvae (approximately 50-60) were added to
four replicate beakers in five treaments. The treatments were four concentrations of oil WAF and
the control treatment containing normal seawater. Each beaker contained 400 mls of treatment
solution and natural reef substratum partly encrusted with coralline algae t0 provide a suitable
substratum for larval settlement (see Harrison and Wallace, 1990). The number of coral larvae

settling on the reef substratum after 24 hours was recorded and the data are tabulated below.
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Percentage settlement of Acropora arabensis larvae in four concentrations of Kuwait oil WAF
and in seawater controls after 24 hours exposure (4 replicates per treatment).
(P.Harrison, S.Alhazeem, A. Alsaffar and I. Al-Sabah, unpubl. data).

Treatment A B C D Mean | Std. Dev.
Control 264 520 541 422 43.7 12.63
0.01 ppm oil 340 526 660 313 46.0 16.37
0.1 ppm oil 00 102 245 111 11.5 10.05
0.31 ppm oil 107 44 00 30 45 451
1.0 ppm oil 00 00 00 00 0.0 0.0

A relatively high mean rate of settlement (43-46%) occurred in the seawater control and 0.01 ppm
oil WAF treatments, whereas settlement was reduced to 11.5% in 0.1 ppm oil. Only 4.5%
settlement occurred in 0.3 ppm oil, and settlement was blocked at 1.0 ppm oil WAF. The results
clearly show that WAF of Kuwait crude oil inhibits or blocks settlement of coral larvae at
relatively low concentrations. This suggests that oil pollution has the potential to disrupt the
critically important larval settlement processes which are responsible for the maintenance and
renewal of coral communities. This may be important for coral communities at Qaru reef
which is subjected to frequent oiling from natural oil seeps within a few kilometres of the
reefs, and for coral communities at Qit'at Urayfijan which is situated near major oil loading

facilities.

These are the first data on the effects of oil hydrocarbons on the settlement of larvae from
broadcast spawning corals, and will be published as a short paper in an international refereed
journal. It had been planned to use larvae from the brain coral Platygyra daedalea for further
experiments on the effects of oil WAF on larval settlement. However, the Platygyra larvae died
unexpectedly a few days after spawning, hence no further opportunity existed to continue this

work during 1995.

The same method of preparation of the oil WAF was used in subsequent studies by F.S H Abram,
UNDP/ UNIDO Expert in ecotoxicology, and the Ecotoxicology Laboratory team from ESD,
KISR to examine the acute lethal toxicity of oil WAF to brine shrimp nauplius larvae, and on the
inhibition of hatching of brine shrimp eggs exposed to oil WAF. Initial comparisons of the data

suggest that coral planula larvae may be more sensitive to oil WAF than brine shrimp larvae,
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which are a standard test organism for ecotoxicology work in many laboratories worldwide (F.

Abram, pers. comm.).

1.3 Recommendations

The successful salinity and oil pollution experiments clearly demonstrate that toxicity
experiments with coral gametes and larvae are feasible, and can provide important new data on
the effects of stressors on coral reproductive success. It is therefore recommended that further
experiments be done during the main coral spawning period in May-June 1996, to examine the
effects of elevated salinity, oil hydrocarbons, and heavy metals (including nickel, vanadium,
copper, and lead) on fertilization rates, larval development and settlement of coral larvae. It is
also recommended that comparative toxicity studies on coral larvae and brine shrimp be done in
future, to compare the relative sensitivity of these organisms to a range of toxicants. The results
of these experiments would provide a framework for predicting the impacts of natural and
anthropogenic stressors on coral reproduction, and could be used to establish water-quality

guidelines for coral reef areas in Kuwait.

2. Trials with adult corals

Trials to maintain adult corals in flow-through aquarium conditions at MFD, KISR were begun
in April 1995, and continued throughout 1995. Portions of colonies representing a range of
dominant reef-building coral species were collected from three reef sites from April to July
1995, and maintained in various large-capacity holding tanks with flowing seawater and
aeration. Corals became slightly stressed in shallow tanks subjected to direct sunlight, and
grew and survived best in deeper 5,000 litre capacity tanks which are shaded from direct
sunlight. Coral colonies survived and grew well up until September, when many colonies
were smothered by excessive algal growth. Nuisance algal growth could be controlled by
maintaining corals in indoor laboratory aquaria with artificial lighting. The results of these
trials were used to establish appropriate conditions for maintaining adult corals and larvae
during the coral spawning periods in May and June 1995. Some of the corals collected for this
project were used for an aquarium display of corals from Kuwait during the official opening

and inauguration of the newly completed offices at MFD in November 1995.
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The trials demonstrate that adult corals of many species, including sensitive Acropora
branching corals, can be successfully maintained at MFD. Therefore experiments using adult
corals are feasible at MFD. It had been planned to initiate pilot studies examining the effects
of temperature on growth and suvival of adult corals during this project, however delays in
obtaining funding and equipment prevented scheduled work on this aspect. These experiments
could be done in future using equipment now available at MFD. In addition, it had been
planned to begin experiments on the effects of oil pollutants on adult corals, in collaboration
with F.S.H. Abram, UNDP/ UNIDO Expert in ecotoxicology, and Dr Lulwa Ali, ESD, KISR.
However, delays in completion of the Ecotoxicology Laboratory building prevented
collaborative studies during 1995. It is recommended that experiments on the ecotoxicological
responses of adult corals to oil pollutants be initiated when testing of the oil-dosing apparatus,
developed by F.S.H Abram for KISR, is completed, and when appropriate expertise in coral

biology and oil analysis is available.

D. Phase 3: Data Analysis and Integration

1. Critical factors limiting coral communities in Kuwait

1.1 Natural stressors and limiting factors

Kuwait's coral reef communities exist in an extreme environment which appears to be close to
the limits for coral survival and reef development. Periodic natural perturbations exceed the
tolerance limits for some corals, and coral mortality occurs. Previous surveys by N. Downing
and co-workers have shown that periods of coral stress and mortality have occurred in 1982-83
and 1984-85, with subsequent recruitment and regrowth, and in the winter of 1991-92. In
most instances, unusually cold winter sea temperatures coinciding with extreme low tides are
implicated in the coral mortality, and shallow water/reef flat coral communities are most
affected. Thus, cold winter temperatures and periodic exposure to air appear to be the most
important natural factors limiting the upward growth and development of coral communities in

Kuwait. Other potentially important natural limiting factors for these reefs include: extreme
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high sea temperatures and elevated salinity in summer; high sediment levels, particularly on
northern, inshore reefs; and grazing pressure by high densities of Echinometra mathaei and
other sea urchins, which are major bioeroders, and are likely to limit recruitment of corals and
other benthic invertebrates and algae. In addition, experimental data from this project show
that settlement of larvae of one coral species is inhibited by relatively low levels of oil
hydrocarbons in seawater. Therefore, the natural oil seeps which are prevalent around Qaru

reef may periodically inhibit settlement of larvae, and could potentially stress adult corals.

1.2 Human-induced disturbances and pollution stressors

The roles of human-induced disturbance and pollution stressors on Kuwait's coral reefs are not
easily assessed. Potential problems include physical damage, litter, overfishing, and chemical
and biological pollution.

Anchor damage
The most obvious form of physical disturbance observed during this project was anchor

damage and breakage of coral colonies. For example, fragmented coral had a mean cover of
1.3% at Qaru reef site 1, and in transect 9 at this site, 3.4% cover was from fragmented
Acropora clathrata colonies (Table 1). In the absence of evidence for damage by waves or
storms, it is apparent that most of the coral breakage observed resulted from anchors dropped
onto, and anchor chains dragged over, coral colonies while small boats were anchored on the
reef. Branching Acropora and Stylophora colonies are most sﬁsceptible to anchor damage,
although broken Porites colonies and overturned massive corals were also evident at some
sites. One of the large A. clathrata plate coral colonies tagged for reproductive studies was
fragmented by an anchor.

Nothing is known about the survival of coral fragments on these reefs, however, it is likely
that the smaller fragments will suffer significant mortality. Larger pieces of coral that are
overturned or become/wedged in the reef are more likely to survive and regrow. Although no
data are available, it is possible that the reduced abundance of branching corals at Umm Al
Maradem and Kubbar reefs may be related to the high visitation rates at these reefs. These are

among the most popular and accessible reefs for boating and fishing trips, hence it is possible
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that chronic impacts from anchoring of many vessels may have reduced the abundance of

fragile coral species.

Litter

Many of the sites at Qaru and Umm Al Madadem reefs had obvious litter scattered over the
reef. In some cases, bags, clothing, blankets, and other household refuse were found
entangled in corals and were smothering or abrading the living tissues. As well as reducing
the visual amenity values of these reefs, the litter could potentially cause mortality to sea
turtles and fish. Much of the rubbish observed appears to have been deposited by Coast Guard
personnel stationed on Qaru and Umm Al Maradem islands, and on a number of occasions,
members of the Coast Guard were observed throwing large plastic bags full of rubbish onto the
reef from the jetty at Qaru island. In one incident, a member of the Coast Guard fired a bullet
at a floating bag of rubbish within 50 metres of the anchored research vessel while divers were
working in the adjacent reef area. The incident was reported to appropriate authorities.
Similar incidents of littering were recorded by Downing (1989). In addition, it is likely that
some of the litter has been thrown onto the reefs by visitors in small boats. The problem of
litter on these reefs is being partly rectified by volunteer divers who are collecting and removing
rubbish from the main reef sites. A recent co-ordinated reef clean-up campaign removed a
substantial amount of litter from the main reef sites, and further campaigns are planned for the

future (M. Horn, Dive Caroline, pers. comm.).

Ordnance

Although military ordnance from the Guif War have been removed from the coral reef islands,
ordnance are present on some areas of the reef at Umm Al Maradem. At site 1, metal casings
from exploded anti-aircraft shells were scattered over the reef, and in some instances were being
overgrown by corals. At site 2, an unexploded cluster bomb was observed within the transect

area, and was reported to the authorities.

Fishing pressure
There are no data available on the impacts of fishing on coral reef-associated fish populations in

Kuwait. Downing (1985, 1989, 1992) provided survey data on reef fishes at the main reef sites,

however, no recent detailed quantitative data are available for comparison. Local diving groups
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have reported a decline in fish diversity and abundance in recent years, coinciding with an increase
in spear-fishing activity (M. Horn, Dive Caroline, pers. comm.). Very few fish larger than 20 cm
were observed at Umm Al Maradem and Kubbar reefs during reef surveys in 1995, and a decrease
in the number of large territorial fish and parrotfish were evident at Qaru reef towards the end of
the survey period. The extent to which these observations are related to increased fishing
pressure is not known. In addition to line fishing and spearﬁshiﬁg on the coral reefs, traditional
gargoor fish traps are frequently deployed around the main reefs to capture fish. In many cases,
the surface buoys marking the location of the gargoor are lost, leaving the wire cage unattended
but continuing to capture fish which slowly perish (J. Bishop, MFD, pers. comm.). Overfishing
may endanger local populations of important fish species, and lead to changes in other
components of the reef community. Therefore, the impacts of fishing on coral reef fish

populations in Kuwait requires detailed study in future.

Chemical pollution

Apart from the results of the experiment on the effects of oil pollution on settlement of coral
larvae, there are no data available on the impacts of chemical pollutants on coral reef biota from
Kuwait. The inshore reef sites such as Qit’at Urayfijan which lie closest to major industrial and
port facilities at Shu’aibah may receive diluted effluent from local industries and port activities,
however, no details about the chemical composition or quantity of effluents are available.
Potential problems include heavy metal contaminants, elevated nutrient levels, and oil pollutants.
In addition, chronic oil pollution resulting from pumping of bilges and spillages during loading of
oil tankers has been reported. At offshore reefs, problems could occur from degradation of
munitions and litter such as portable and car batteries observed at some sites. Further detailed

studies on water quality and heavy metal contamination of reef biota are needed.

Biological pollution
There is no evidence of introduced species posing a threat to Kuwait’s coral reefs, however, the

local culture of exotic fish species, and the discharge of ballast water from ships could potentially

lead to the introduction of pest species in future.
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1.3 Conclusions

At present there is insufficient information available on these problems to assess the impacts of
human-induced disturbances and pollutants to Kuwait’s coral reefs. Detailed studies of water
quality around coral reef systems, and experimental studies of the impacts of coral fragmentation,

fishing pressure, and pollutants on adult corals and other reef biota are needed.

2. Management of Kuwait’s coral reef ecosystems

Kuwait has a range of unique and important coral reef ecosystems within its territorial waters.
Growing public awareness and use of coral reefs will create increasing pressure on these
resources in future. Therefore, it is essential that these reefs are managed correctly in a manner
promoting sustainable and wise use. Based on the results of this project, and previous research at

MEFD, the following management issues need to be addressed.

1. Mooring buoys need to be installed at the major reef sites to prevent further anchor damage to
corals. Studies will be needed to determine the most important sites for moorings based on the
fragility of the coral community and visitation rates. The most sensitive sites observed in this
study are the Acropora dominated reef flat areas at Qaru reef, which are highly susceptible to
anchor damage. The style of mooring and attachment to the reef, and public acceptance of the use
of moorings rather than anchoring on the reef, will also need careful consideration. The Kuwait
Diving Team, a volunteer diving group, have plans to install moorings at some reef sites in the

near future (H. Alsaffar, pers. comm.).

2. Restrictions on fishing, and the banning of spearfishing, need to be implemented for Qaru,
Kubbar and Umm Al Maradem reefs to allow reef fish populations to recover. In addition, diving
groups should be encouraged to remove abandoned gargoor fish traps in the vicinity of reefs, and

restrictions should be placed on the number of gargoor allowed within 500 metres of these reefs.

3. Further litter removal campaigns need to be encouraged to remove the remaining rubbish on
the reefs, and on the islands. In addition, it is essential that the Coast Guard personnel stationed

on the islands discontinue the practice of throwing refuse onto the reefs. Rubbish bins have
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recently been provided on the islands, and the problem of reef littering has been brought to the

attention of senior Coast Guard management.

4. A public education campaign is needed to increase understanding of the importance of
Kuwait’s coral reefs and their sensitivity to damage and pollution. Issues to be highlighted should
include the use of moorings to prevent damage to corals, the need for restrictions on fishing on
these reefs, the problems caused by littering and refuse, and the need for public participation in the

management of Kuwait’s coral reefs.

5. A single authority should be designated and empowered to manage Kuwait’s coral reefs.
International experience has shown that management of protected areas is more difficult where
many authorities are involved in the management decisions. The Great Barrier Reef Marine Park
Authority in Australia provides a useful model of a single authority managing coral reef
environments. The recently announced Environmental Protection Authority in Kuwait could
provide an appropriate management authority for the coral reefs in Kuwait, however, the present

status of the EPA is uncertain.

6. When an approriate management authority is designated, a detailed management plan should
be prepared to promote the sustainable and wise use of Kuwait’s coral reefs. The major coral
reefs in Kuwait should be protected as Marine National Parks or Marine Protected Areas within
an integrated management plan. A multiple use zoning plan, similar to that developed for the
Great Barrier Reef Marine Park in Australia (e.g. Kelleher, 1987) should be developed to allow
different activities in different areas of reef, while providing high levels of protection for
ecologically important sites. The zoning plans should be prepared in conjunction with scientists,
current users of the reef resources, the general public and government authorities, and subject to
review in future. Consideration should also be given to protecting sensitive nesting sites for

endangered species of sea turtles and migratory birds on the offshore sand islands.

These recommendations provide a framework for further work on management issues. A
number of these issues have been addressed in meetings with representatives from various

government and scientific organisations, diving groups and local educators.
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E. Additional Activities

1. Publications and media reports arising from this Project

Information and photographs from this project have been used in various publications and
media reports in Kuwait and internationally. Following the discovery of coral spawning in
Kuwait corals a press release was prepared for KISR in May. As a result, the story was
highlighted in news articles in three local Arabic daily newspapers, and in the KISR monthly
magazine. Additional articles and reports about this project have been produced for a S-minute
television program on Kuwait TV-1, a radio interview for a local Arabic radio network, an article
written for the KISR monthly magazine, an article for the UNDP magazine 'Making a
difference' celebrating the 50th anniversary of the United Nations, an article for the KISR
International newsletter and for the Kuwait Digest magazine, and in three newspaper and two
radio reports in Australia. A poster using photographs of Kuwait’s coral reefs from this project
has been printed at KISR (3,000 copies printed).

The coral photographs and community data will be incorporated into a new guide book on
‘The Corals and Coral Reef Fishes of of Kuwait’ funded by KISR and EPC, to be published in
1996. A major display about the project work was prepared for the inauguration of the new
Mariculture and Fisheries Department buildings during November 1995, and included posters, a
display of live corals, and video of coral spawning and reef transects (Fig. 6). These publications
and news reports have served to increase public and scientific awareness about Kuwait’s coral
reefs, and have provided good publicity for this UNDP/UNIDO and KISR Project, and the MFD

scientists working on this project.

2. Project seminar

A seminar outlining the background to this project, and the aims and scope of the research was
presented at the Mariculture and Fisheries Department, KISR, on 26 April 1995. The seminar
was attended by many staff from MFD, Mayada Homad from UNDP, and students and staff from

the Kuwait University. The seminar stimulated substantial interest in the project.
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3. Training of MFD, KISR staff

Training of KISR personnel assigned to this project has included: experimental and ecological
survey design, underwater video survey techniques, coral sampling techniques, quantitative
community analysis, data logger training, photographic techniques, coral taxonomy, coral
reproduction studies, toxicity studies, coral staining for growth studies, coral transplantation,
aquarium maintenance, data analysis, scientific report writing skills, seminar presentation
skills, and media liaison. The main staff member assigned to this project, Mr Shaker
Alhazeem, has applied for a KISR M.Sc. scholarship to continue his training on coral reef
ecology at Southern Cross University in Australia. Mr Alhazeem has been accepted into the
M.Sc. course at Southern Cross University, and the additional training would greatly benefit

future coral reef projects at KISR.

4, Other activities

Collaborative plans for toxicology research were discussed with F.S.H. Abram, UNDP/ UNIDO
Expert in ecotoxicology, and Dr Lulwa Ali from ESD, KISR. The use of satellite images of
Kuwait’s coral reefs to compare the reef survey data from this project, with current and past
satellite images, were discussed with Dr Andy Kwarteng, Research Scientist on Remote Sensing,
EES, KISR, and a future collaborative project is planned. The results of this project and reef
management issues have been discussed during meetings with KISR, the UNDP, representatives
from the Kuwait Environmental Protection Council, Dr John Grainger who is preparing a
biodiversity strategy for Kuwait, and commercial and private scuba diving groups who use
Kuwait’s coral reefs. In addition, micro-photographs of brine shrimp were taken for F.S H.
Abram for the Ecotoxicology Laboratory poster displays, and photographs of the opening were
taken for MFD staff. It is likely that some of the reef photographs taken during this project will
be used to produce a set of stamps from Kuwait, highlighting local coral reefs.
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1. SUMMARY OF RECOMMENDATIONS

Specific and detailed recommendations to consolidate and develop the results of this mission are
made throughout this report, and a summary of the major recommendations is provided here. It is

recommended that:

1. Staff from MFD, KISR associated with this project continue quantitative surveys of the main
coral reefs, and other reef systems in Kuwait. In addition, collection of coral gametogenic
samples should continue until June 1996, and temperature and other environmental parameters at
the main coral reef sites in Kuwait should be continually monitored using data loggers, and the
data retrieved at approximately 3 monthly intervals. Two MFD staff need to be allocated to work

full-time on these studies until at least June, 1996.

2. The quantitative reef surveys at the main coral reef sites in Kuwait be repeated 1996-97 by
MED, KISR staff in conjunction with international expertise, to determine the efficacy of repeated
surveys using video transect techniques; and thereafter, that these surveys be repeated annually or

every two years by trained MFD, KISR staff to monitor the health of these reef ecosystems.

3. Management plans for the long term protection of Kuwait’s coral reef ecosystems be developed
and implemented by a designated authority during 1996, with priority being given to installation
of boat moorings to avoid further anchor damage to corals, monitoring of fishing impacts on reef
fish populations, and public education programs to raise awarenes of the importance of these reefs

and the need for their wise and sustainable use.

4. Further studies on coral spawning patterns, and experiments on the effects of natural and
pollution stressors on coral gametes and larvae be undertaken at MFD, KISR during May-June
1996 in conjunction with international expertise, to provide detailed information on coral

reproduction and tolerance limits of corals to stressors.

5. A rapid response plan be developed to quantify and monitor impacts and any subsequent

mortality or recovery of Kuwait’s coral reef communities resulting from natural catastrophes, and
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human disturbance including pollution events. This plan could be co-ordinated through the EPA,

KISR and appropriate authorities.

6. A project be developed to compare the results of the recent coral community surveys with
satellite images, so that remote sensing techniques can provide a long-term view of any broad-
scale changes in reef communities. This project could be initiated during 1996 by ESD and MFD,
KISR. Additional collaborative studies on the effects of oil pollutants’on corals should be

undertaken when appropriate expertise in coral biology and oil toxicology is available.

7. Future co-operative projects proceed when funds specifically allocated for the project by KISR
are available for immediate use at the start of the project. The level of funding, staffing, and other
logistical support required for the project should be determined in conjunction with the Expert

prior to the commencement of the main mission. In some instances, this may require a preliminary

assignment to assess the requirements for the project.
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Annex 1: Job description

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATI1OK

JOB DESCRIPTION

DP/KUW/92/003/11~-04
Expert in Marine Ecology
11.0m/m over 1994 and 19%5
ASAP
Kuwait City with travel within the country

The purpose of the project is to assist the Kuvait Institute
of Scientific Research (KISR) to set up long term research
studies in monitoring mevement and accumulation of toxic
pollutants, their effect upon the environment, and their
breakdown in the environment (soil, air, water) and carry
out model systems to eliminate/minimize the toxic effects to
humans, animals, crops and aquatic life.

The expert, in association with an ecotoxicology expert, is
expected to oversee and co-ordinate a coral reef ecological
study .to investigate the structural and functional
characteristics of Kuwzit’s coral reefs with particular
reference to natural and anthropogenic stressors. The study
will be jointly undertsken by the Envirommental Sciences
Department (ESD) and the Mariculture and Fisheries
Department (MFD) of the Kuwait Institute for Scientific
Research (KISR). The expert is expected to work with the
counterpart to finalize a detailed research plan, and to
oversee its implementation. The research plan shall include
three phases:

hase 1: ological As ts

Re-assemble all of the regional transect data compiled by
Downing (1985; 1991) anc Downing and Roberts (1992). Re-
survey each of the pre-existing transect lines initially
sampled using the identical techniques. In addition, the
reefs initially sampled by Downing should also be surveyed
using a line-intercept method - the most widely used
standard technique at present. By using both techniques at
the original reef surveved by Downing, an intercalibration
of techniques will be pcssible. Once the intercalibrations
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have been achieved, the line intercept wethod should be used
to survey all 13 coral communities of Kuwait.

Data analysis of this phase should enable the comparison of
coral species composition and coverage for all recefs and for
those reefs which were surveyed pre- and post-war. Such
comparisons will also allow any differences between
offshore, nearshore and inshore reefs to be quantified.
With the development of a GIS capability within KISR, most
of these data can be analyzed and presented in map form.

Growth rate experiments should also be set up at these reefs
during this phzse. Selected colonies should be marked using
Alizarin Red staining and re-measured at annular intervals.
The analysis of growth rings in coral skeletons may also be
appropriate. Radioactive carbon incorporation is also
available as z growth measuring technique but given the
logistic difficulties and the lack of a scintillation
counter, it is preferable to use the simpler techniques.

Investigation of reproductive status and fecundity should
also be initiated during this phase. Representative samples
from a range of reef corals should be collected at monthly
intervals, preserved and stored for later investigation.
Appropriate fecundity measures include number of eggs or
sperm/polyp as well as total gonad size. In addition, to
determine spawning period, monthly samples should also be
collected and znalyzed by histological examination and polyp
dissection for their gonad development state.

Samples of selected species of corals should also be
collected froe all sites and processed for determining the
heavy metal levels in their living tissue. Processing of
samples should include separation of living tissue from the
skeletons and preparation of acid-digested samples (using
nitric acid and hydrogen peroxide) for storage and
subsequent anzlysis. Living corals are particularly useful
as "bio-indicator™ species (Hanna and Muir, 1990) because of
their ease of sampling, low impact on the target population,
their generally wide distribution and their sedentary
nature. In earlier studies, heavy metals concentrations in
the coral skeleton were used (Dodge and Gilbert, 1984;
Howard and Brown, 1984; Scott, 1990) but recent work on
tissue analyses suggests that where relatively low trace
metal levels zre anticipated, trace metal concentrations in
the living tissue are higher and provide more detailed
information (3ell et al., 1989; Glynr et al., 1989; Hanna
and Muir, 199J; McConchie and Harriott, in press).

Phasc 2; Ecotoxicology of immaturc and mature corals

A series of experiments should be set up once reproductive
material (sperm, ova and fertilized lzarvae) is avzilable to
determine larval development and survival at different
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salinities. Lemperatures and light intensities as well as a
range of pollutanmts (e.g. heavy metals, watcr-soluble
hydrocarbens, elevatcd nutrients).

Trials shenld also be commenced to maintain mature corals in
aquaria under ambient conditions for subscquent
investigazions of limiting factors on growth and survival
and on their ecotoxicolopgical responses to a range of
pollutants. '

Phase 3: Data Analysis and Interpretation

Data from both of the earlier phases need to be integrated
and possibly modelled. Temporal and spatial comparisons
should assist in identifying critical or limiting factors
for each of the coral communities, and extrapolation should
enable scme predictive modelling to quantify responses in
relation to natural aznd man-made stressors.

As these communities are perceived to have a high
conservation value. some mitigation management plans should
be formuiated on the basis of the above findings.

As well, the expert will be expected to identify equipment
and trairing needs required for the project. The expert
should submit interim progress reports, prepare an
evaluation report and submit his final report giving his
findings and recommendations.

The marine ccologist should have:

extensive coral reef research experience, preferably within
an interrational context;

demonstreble expertise in coral reef composition, dynamics,
taxonomy. reproduction and response to stress, particularly

with the effects of pollution on fertilization;

the ability to provide guidance in quantitative sampling for
biologiczl baseline data, data collation and analysis;

a familiarity with productivity measurements for coral
systems:

an abilizy to work with a multidisciplinary team (ESD &
MED) ;

the ability to assist with the collaborative biocassav
laboraterv;

provide -esearch lezcership and training skills;

the abil:ty Lo work without supervision;
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demonstrated skills in co-ordinating international
collaborators;

SCUBA diving certification, preferably at the instructor
level;

the ability to plan, co-ordinate and participate in field
studies;

demonstrable skills in report preparation;

the ability to provide advice in relation to additional
ccological research;

the ability to provide post-graduate supervision and
guidance; and

a working familiarity with GIS/RS in relation to coral
systems.

English

BACKGROUND INFORMATION:
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Annex 2: Research funding proposal for KISR

PROPOSAL

*The Ecology of Coral Reefs in Kuwait and the
Effects of Natural and Pollution Stress on Corals.

Project Leader: DR PETER L. HARRISON

UNIDO Expert in Marine Ecology

Mariculture and Fisheries Department
Food Resources Division
Kuwait Institute for Scientific Research
P.O. Box 1638, 22017 Salmiyah
Kuwait

March 1995
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Abstract

This proposal outlines the scope, the significance and the funding support needed from the
KISR for the Coral Reef Ecology Project within the Mariculture and Fisheries Department,
Food Resources Division of the Kuwait Institute for Scientific Research, Kuwait. The
Project has been developed jointly by the United Nations Development Programme and the
United Nations Industrial Development Organization and KISR. This project aims to
investigate the structural and functional characteristics of Kuwait's coral reefs with
particular reference to natural and anthropogenic stressors. The project consists of three
tasks which will examine ecological aspects of the major reef systems in Kuwait, the
ecotoxicology of corals, and limiting factors for these coral communities. The project will
also-identify reef communities of high conservation value and formulate management plans
for protection of these reefs. The project timetable extends for 11 months from February to
December 1995. KISR has provided 17,133 KD support during February - June 1995 to
establish this project. To enable the project to be completed, additional KISR support is
needed for the period July - December 1995, including operating expenses and capital
expenses amounting to 5,862 KD, and part-time salary support of 8,640 KD. The UNDP/
UNIDO are providing more than 49,000 KD support for this project.
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Introduction

This document outlines the scope, the significance, and the funding requirements from the
KISR for the Coral Reef Ecology Project within the Mariculture and Fisheries Department
of the Kuwait Institute for Scientific Research, Kuwait. The Project has been developed by
the UNDP/UNIDO and KISR. UNDP/UNIDO are providing salary, logistic, and
administrative support for the Project Leader Dr Peter Harrison for 11 months from
February to December 1995. The UNDP/UNIDO Project Document and Dr Harrison’s
Curriculum Vitae are appended. The background to this project and the research plan are
detailed below.

Project Background and Significance

Kuwait has a number of regionally significant coral reef ecosystems. These reefs support
diverse coral communities which provide essential habitats for many hundreds of species,
some of which are of commercial importance for fisheries. The ecological importance of
corals is highlighted by the fact that when corals are selectively killed, the majority of other
reef species die or emigrate, and the reef ecosystem collapses. Corals are therefore a key
element of coral reefs, and their tolerance to disturbance determines the tolerance levels for
the whole reef ecosystem (Johannes, 1975).

Despite their great importance, surprisingly littie detailed ecological work has been done on
Kuwait's coral reefs. Previous research has provided some information on the coral species
and community structure of some reefs, and brief comparisons with pre- and post-war data
(e.g. Downing, 1985, 1991; Downing and Roberts, 1993; Saenger, 1994).

This project will build on that foundation to establish detailed quantitative information on
the current status of the benthic coral reef communities using new video survey techniques
(Carleton and Done, 1995). The surveys will provide important baseline data against which
future changes in reef communities can be compared. The project will also provide
important insights into coral reproductive processes which are essential for maintaining and
renewing these coral communities, and will determine the tolerance levels and impacts of
stress on corals. This information will be integrated to provide a framework for managing
these unique marine ecosystems.
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Objectives

This project aims to investigate the structural and functional characteristics of Kuwait's
coral reefs with particular referente to natural and anthropogenic stressors. The project has
the following major objectives:

1. To survey the major coral reef communities in Kuwait to provide quantitative baseline
data on the status of these reefs, against which past and future changes to these communities
can be compared. '

2. To study patterns of reproduction. and growth of selected ecologically important coral
species.

3. To determine heavy metal levels in selected corals, and examine the effects of pollutants
and natural stressors on reproductive success and adult coral survival.

4. To identify reef communities of high conservation value, and formulate management
plans for these reefs.

5. To train KISR personnel in coral reef surveys, coral reproduction and growth, coral
toxicology and scientific presentation methods.

Justification and Benefits to Kuwait

Kuwait is fortunate in having a range of coral reef ecosystems within its territorial waters.
These coral reefs are of importance because they have significant ecological, social and
economic values for Kuwait. Coral reefs provide essential habitats for many hundreds of
species, including some species of commercial importance. These reefs also provide
important amenity values for recreational fishing and boating trips for Kuwait citizens.
Some reefs are also used for scuba diving tours, and it is likely that recreational diving
activities on these reefs will increase rapidly in the near future. This project is of direct
benefit to Kuwait because it will quantify the current status of these reef communities, and
provide guidelines for management of this important resource.

The potential impacts of the massive oil slicks released during the Gulf War has focused
international attention on, and interest in, the fate of Kuwait’s marine environment, and
particularly on its coral reefs. This project is of international significance because it will
examine any long-term impacts of the largest oil spill in history on these coral reefs. In

addition, the project will determine the impacts of a range of oil and other pollutants on
adult corals and coral reproductive success, thereby allowing prediction of the potential

impacts of pollution stressors on these and other reefs.
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Kuwait’s coral reefs are also of great scientific interest because they occur in an extreme
environment, beyond the normal limits for coral survival and reef growth (Downing, 1985;
Sheppard and Wells, 1988). Hence the opportunity exists for unique scientific studies of
coral tolerance to natural stressors in Kuwait.

Thus, this project provides a range of direct and obvious benefits for improved scientific
understanding and management of Kuwait's coral reefs. Publication of the results of these
studies in international journals, and presentations at conferences will highlight research
activities at the KISR within the international scientific community. The project will also
provide a framework for future coral reef studies, which would allow the Kuwait Institute
for Scientific Research to develop a regional centre of excellence for coral reef ecological
studies.

Research Plan

The project consists of three interrelated Tasks, each of which comprises a number of
related studies, as outlined below.

Task 1. Ecological Aspects

1. Survey the major coral reef communities in Kuwait using replicated video and line
transects to provide quantitative data against which previous survey data and future changes
can be compared.

2. Study reproductive patterns of corals including gametogenic processes, fecundity,
spawning patterns, fertilization, embryogenesis, larval development and settlement.

. 3. Examine growth rates of corals.
4. Determine heavy metal levels in corals.

Task 2; Ecotoxicology of corals

1. Conduct experiments to determine the impacts of pollution and natural stressors on
fertilization rates and larval development and settlement of corals.

2. Commence experimental trials on the effects of pollutants on mature coral growth and
survival.

Task 3: Data Analysis and Integration

1. Integrate data from Tasks 1 and 2 to identify critical or limiting factors for coral
communities in Kuwait.

2. Identify reef communities of high conservation value, and formulate management plans
to protect them from anthropogenic impacts.
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Project Timetable

The timetable required to complete this project during 1995 is outlined below.
February - March: Finalise the project research plan, order equipment, and establish
laboratory facilities. Plan collaborative projects with UNIDO and EES counterparts.

April: Initiate Task 1 surveys and growth and reproduction studies, complete the Coral
Reef laboratory, initiate temperature monitoring.

May - July: Continue Task 1 reef s&rveys, determine coral spawning patterns, and
complete Task 2 ecotoxicology experiments on gametes and larvae. Analyse data and
initiate manuscripts on these studies.

Aughst - September: Complete Task 1 reef surveys. Collect and analyse heavy metal
concentrations in coral samples. Stain coral skeletons for growth analysis. Plan Task 2
toxicity experiments.

October: Analyse transect data and prepare manuscript. Complete toxicity experiments and
initiate Task 3 review of data and management plans.

November: Finalise data analysis and prepare manuscripts, and complete gametogenic
sampling for 1995. Complete Task 3 management plans and prepare final reports. Tripartite
review meeting.

December: Finalise project reports. Debriefing at UNDP office. Travel to UNIDO, Vienna
for Project debriefing.

Methodology
Task 1: Ecological Aspects

1. Reef surveys

This study will compare the present status of coral reef communities in Kuwait with
information from previous work. The available transect data from Downing (1985, 1991)
and Downing and Roberts (1992) will be re-assembled and these sites will be re-surveyed
using the same transect techniques. These reefs will also be surveyed using the recently
developed video transect technique. Video transects are much more efficient than
conventional underwater surveys, and are now used as a standard technique for reef
community surveys by major marine research organisations (Carleton and Done, 1995).
The technique involves recording replicated transect areas on reefs with an underwater
video camera, and then replaying the tapes at slow speed on a high resolution video
monitor. The organism or benthic category underlying a fixed point on the screen is
recorded at intervals throughout the transect to provide quantitative information on the
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percentage cover of each benthic category (e.g. Harriott ef al., 1993, and in press; Harrison
et al., 1995).

The use of both techniques at reefs previously surveyed by Downing and co-workers will
allow intercalibration of the techniques, and allow meaningful comparisons between studies.
Other important coral communities in Kuwait that have not previously been surveyed will
also be studied using video transects. At each site, a pilot study will be done to examine the
variability in benthic community structure among 6-8 replicated video transects. The data
will then be analysed using power analysis to determine the number of transects required
for an appropriate level of power to detect a statistically significant change in the
communities (Fairweather, 1991). The surveys will then be repeated using the required
number of transects to provide detailed quantitative baseline data on these reef
communities.

The data will then be analysed to allow comparison of benthic community structure on
inshore and offshore reefs in Kuwait, and for reefs where pre- and post-war survey data is
available, long-term community dynamics and impacts of the war will be determined. The
data would be available for incorporation into the KISR GIS database. The benthic data will
be analysed to determine whether there are any underlying community patterns using the
multivariate software package Primer (Plymouth Marine La.) to perform cluster analysis
and non-metric Multi-Dimensional Scaling (MDS) ordinations (Clarke, 1993).

As well as providing data on the status of Kuwait’s reefs, the surveys will provide
information on the species composition of corals at each site. Representative samples of
each coral species encountered will be photographed and a sample collected for taxonomic
verification. The samples will be used to build up a coral reference collection at MFD for
use in future coral reef projects. There is some controversy over the coral species present
on Kuwait’s coral reefs (cf.,, Downing, 1985, 1991; Hodgson and Carpenter, in press), and
recent fieldwork on this project has shown that there are more species present on these reefs
than previous work has indicated. Therefore, it is essential to verify the taxonomic
identification of these corals with specialist scleractinian coral taxonomists Dr C. Wallace
and Dr J.E.N. Veron who are world leaders in coral taxonomy, working in Townsville,
Australia.

The coral photographs could be used to publish a photographic poster depicting corals from
Kuwait, and a photographic guide to the corals and reefs of Kuwait. Both publications will
significantly highlight research at the KISR, and enhance public understanding of the
importance of Kuwait’s coral reefs.

Previous work on reefs in Kuwait has indicated that sea temperature and salinity are likely
to vary significantly on a seasonal basis, and may represent natural stresses which limit
coral reef development (Downing, 1985; Coles and Fadlallah, 1991). In order to quantify
temporal changes in these parameters, two data loggers will be installed at the four main
reef sites to monitor and record sea temperature. Salinity will be monitored with a portable
salinometer during field trips. Seasonal stress and mortality, and reproductive rhythms of
corals will be compared with seasonal changes in these parameters.
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2. Coral Reproduction

The processes of reproduction, larval development and recruitment of scleractinian reef
corals are critically important for the initiation, maintenance and renewal of coral reef
communities (reviewed by Harrison and Wallace, 1990). Therefore, in order to understand
the ecology of coral reefs and predict the likely impacts of disturbance, it is essential to
understand the mode and timing of coral reproduction, and the tolerance of reproductive
processes to stress. Much of my research over the past 15 years has been centred on studies
of the mass coral spawning phenomenon on the Great Barrier Reef and elsewhere (e.g.
Harrison er al., 1984; Willis er al., 1985; Harrison, 1985; Babcock et al., 1986; Harrison
and Wallace, 1990; Harrison, 1993). The research plan proposed for this section of the
project is based on methods used successfully in previous studies on these topics (refer to
CV).

Gametogenic processes will be studied in three ecologically important coral species.
Samples will initially be taken from ten tagged colonies of each species at three monthly
intervals. When signs of gamete maturation are evident, the colonies and other populations
will be monitored more frequently to determine patterns of spawning within and between
species. Samples will be fixed in formalin, decalcified, and either dissected or sectioned for
histological examination of egg and sperm development. Polyp fecundity will be quantified
from samples of corals taken just prior to spawning. Gametogenic cycles will examined in
relation to seasonal changes in seawater temperature and salinity records from the data
loggers. Based on previous experience and information available on seawater temperature
cycles, it is predicted that significant coral spawning activity will occur following full moon
periods in May and June this year. These studies will provide the first information on coral
reproductive activity on Kuwait’s reefs.

When ripe gametes are detected in corals, colonies will be transferred to aquaria to
monitor, photograph and yideo spawning behaviour. Spawning periods will be confirmed
by examination of tagged colonies on reefs; the presence/absence of gametes in sequential
samples indicates that spawning has occurred. Spawned gametes will be collected for
studies of their ultrastructural characteristics, for larval rearing, and for toxicity bioassays
(refer to Task 2). Samples of freshly spawned gametes will be fixed for electron
microscopy using the protocol developed by Harrison (1985, 1988). Following fertilization,
embryogenic and larval development will be monitored. Larval settlement will be studied to
determine whether larvae are competent to settle, and larvae will be maintained alive for as
long as possible to determine their maximum settlement competency period. These data will
allow prediction of the likelihood of locally produced larvae settling on nearby reefs, and
their potential for long-distance dispersal to other reef systems in the Arabian Gulf.

1 Growth
Coral growth will be investigated by staining 10 colonies of three coral species with
Alizarin Red-S calcium stain. Portions of the colonies will be collected after 6 mo and 12
mo to examine growth patterns following staining. These data will provide the first
estimates of coral growth on these reefs, and will allow the potential for coral regrowth
after damage to be assessed.
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4. Heavy Metal Pollutants
Coral samples will be analysed to determine levels of heavy metal contamination. Replicate

samples of two coral species will be collected from four inshore and offshore reefs
representing a range of potentially polluted and relatively pristine reef systems. Samples
will be oven-dried, acid digested, -then heavy metal concentrations in the tissues and
skeleton will be determined using AA spectroscopy analyses within the Central Analytical
Laboratory at KISR. The data will provide new information on the extent of metal pollution
on coral reefs in Kuwait, and this project could be developed in future to monitor pollution
levels. ’

Task 2: Ecotoxicology of Coral

This Task of the project consists of a series of related experiments to determine the stress
effects and tolerance limits of coral gametes, larvae and aduit colonies with respect to a
range of natural and pollution stressors. The results will provide important new information
on the the effects of stress on corals, and provide a framework for predicting and managing
the impacts of natural and anthropogenically induced perturbations on coral reefs in Kuwait.
It is anticipated that some of these experiments could be done in conjunction with Fred
Abram, another UNIDO expert based at MFD as Project leader for the Ecotoxicology
Project. However, it should be noted that these coral experiments are an integral part of this
project, and in no way duplicate or conflict with ecotoxicology work planned for other
projects at KISR.

1. Bioassays using Coral Gametes and Larvae

Sensitive new bioassay procedures using spawned gametes and coral larvae have recently
been developed to test the toxicity of oil hydrocarbons, dispersants, heavy metals and
nutrients on critically important coral reproductive processes (Harrison, 1994, in prep.;
Reichelt and Harrison, in prep; Harrison and Ward, in prep). The results indicate that these
bioassays provide the most sensitive toxicity tests for corals developed to date, and reveal
significant inhibition of reproductive success at pollutant concentrations that are orders of
magnitude lower than those which adversely affect adult corals. When freshly spawned eggs
and sperm are available (refer to Task 1), eggs and sperm from different colonies will be
exposed to a range of pollutants at varying concentrations, and percentage fertilization rates
determined after 4-6 hours. Five replicate vials will be used for each pollutant concentration
and the control treatments with normal seawater. Pollutants to be tested include water
accommodated fractions of Kuwait light crude oil, and heavy metals including nickel,
vanadium, copper, and lead. Additional experiments will be done to determine the effects
of lowered salinily on fertilization rates.

Once developed larvae are available, additional experiments will be done to determine the
effects of some of the pollutants listed above on larval survival and their ability to settle and
metamorphose successfully. For each pollutant concentration and seawater control
treatments, five replicated settlement containers each containing approximately 100 larvae
will be used. The number of larvae surviving or settled will be monitored over time for up
to 7 days.
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2. Bioassays using Adult Corals

Pilot experiments will be commenced to determine the effects of temperature and a range of
pollutants on growth, health and survivorship of adult coral colonies. The range of
pollutants tested will depend on the amount of logistic support provided for basic flow-
through experimental aquarium facilities at the MFD for this Project and the Ecotoxicology
Project, and the rapidity with which these laboratories are completed. Given appropriate
support, these experiments would include analysis of the effects of elevated temperature,
water accommodated fractions of oils, and heavy metals on corals.

Each experiment will consist of a normal seawater control treatment and three treatments
with different concentrations of each toxicant ranging from 2 to 200 fold increase over
background levels. Ten colonies of one or two coral species would be used in each
treatment for appropriate experimental replication, and the behaviour, health, growth,
survival and tissue structure would be monitored during the period of exposure and for two
weeks afterwards to monitor recovery or mortality. Samples of coral tissues will be taken
from each colony before, during and after exposure and fixed for ultrastructural and
histological analysis using the methods developed by Harrison et al. (1990). In this way any
changes in tissue and cell structure can be carefully monitored. Growth of the colonies will
be monitored using the buoyant-weight growth method (Davies, 1989) to determine whether
the treatments result in altered growth responses.

Task 3: Data Analysis and Integration

The results of the reef surveys, coral reproduction and growth studies in Task 1, and
ecotoxicology experiments in Task 2 will be integrated in order to assist in identifying
critical or limiting factors for the main coral reef systems in Kuwait. The results will also
be used to model and predict the likely responses and potential impacts of natural
perturbations and anthropogenic pollution on these coral reef communities.

The results of the reef surveys will also be used to identify reefs that have a high
conservation value, and zones that are susceptible to damage. Management plans will be
formulated for these reefs in order to mitigate adverse impacts of human origin. Together,
these studies will provide an important and strong foundation for future research and
management programs on coral reef ecosystems within the Kuwait Institute for Scientific
Research. Given appropriate funding, logistic and personnel support, the KISR could
become the leading research institute for coral reef research within the Arabian Gulf region.
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Organization and Management Plan

Dr Peter Harrison, UNIDO Expert in Marine Ecology is the Project Leader for this project,
which extends for 11 months from February to December 1995. Mr Shakher Al-Hazeem
will have 90% involvement with thi§ project, and will be Study Leader for two studies,
comprising Gametogenic studies of Corals (Task 1), and Coral Growth studies (Task 1). Mr
Adel Al-Saffar will have 20% involvement with this project and will be Study Leader for
the Coral Reef Water Quality study (Task 1). Ms Iman Al-Sabah will have a 40%
involvement with this project and will be mainly involved with laboratory analysis. Dr
Harrison will be Task Leader for the remaining studies. In addition, the large scope of the
project requires part-time assistance from at least one other professional diver from KISR to
ensure that the field work is completed

Related Projects within KISR
This project is related to the following completed project within KISR:
MB-42 Corals and Coral Reef Fishes of Kuwait

In addition, this project is related to two other projects currently underway, or being
planned within KISR.

Some aspects of the Task 2 Ecotoxicology of Corals studies could be done in conjunction
with work currently being developed with Dr Fred Abram, UNIDO Expert, and Project
Leader for the Ecotoxicology Bioassay Laboratory project at KISR. However, it should be
noted that the coral experiments in this project are separate from, and complement the work
planned for the Ecotoxicology Project.

A collaborative project is also being planned with Dr Andy Kwarteng (EES, KISR) to use
the Task 1 Reef Survey data from this project to ground-truth satellite data for some reefs.
This will allow long-term changes in reef communities, and potential effects of the Gulf
War oil spill to be assessed.

Training Plan

This project will provide extensive training for Mr Shakher Al-Hazeem, Mr Adel Al-Saffar
and Ms Iman Al-Sabah through participation in the field and laboratory research. Aspects
of the training in Task 1 will include: video and transect survey techniques, benthic data
analysis, MDS programming, coral taxonomy, underwater photography, data logger
training, coral spawning techniques, coral dissection training, coral growth staining and
analysis, and heavy metal analysis. Task 2 training includes toxicity bioassay techniques
using spawned gametes, larvae, and adult corals. In addition to these activities, the Project
Leader will be providing training in scientific presentations, and writing scientific papers.
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Project Outputs
The Coral Reef Ecology Project at the KISR will result in a wide range of new information
of great significance to coral reef ecology both within the Arabian Gulf and internationally.
The anticipated outputs from these studies include:

1. Survey data on the major coral rcef communities in Kuwait and assessment of the status
of these reefs.

2. Determination of reproduction and growth patterns of reef corals.

3. Data on heavy metal levels in corals, and effects of pollutants and natural stressors on
reproductive success and adult coral survival.

4. Management plans for significant coral reef communities in Kuwait.

5. Extensive training of KISR personnel in coral reef surveys, and coral biology and
experimental methods.

6. Major project reports.

7. Scientific papers published in International refereed journals on aspects of coral reef
community structure, coral reproductive patterns, larval development and settlement, coral
growth, heavy metal levels in corals, and the effects of temperature, salinity and various
pollutants on coral reproductive success and adult colony survival.

Additional future outputs from this project

1. The project results should be presented at international coral reef conferences to highlight
coral reef research in Kuwait e.g. the Eighth International Coral Reef Symposium to be
held in Panama in 1996.

2. A poster depicting the main reef building corals in Kuwait.
3. A book on the corals and reefs of Kuwait.

4. Collaborative links with projects on Satellite imaging of coral reef communities with Dr
Andy Kwarteng (EES) and Ecotoxicology with Dr Fred Abram (UNIDO/ EES).

5. Taxonomic reference collection of scleractinian corals from Kuwait.

6. The Coral Reef Project also provides unique opportunities for development and training
of KISR personnel and postgraduate students. Many-of the individual studies and topics
outlined above would provide excellent Master of Science and Doctor of Philosophy
research projects. These could be undertaken jointly with the KISR and regional and
international University postgraduate training schemes.
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Budget

The budget requirements for this project are summarised below in Table 1. The budget
represents the minimum support néeded from KISR, to ensure the success of this project.
The budget summary in Table 1 is divided into items obtained and salary support for this
project provided by KISR during the 1994/95 financial year from February to June 1995,
and salary and budget support needed during the 1995/96 financial year from July to
December 1995. It js imperative that the project budget is progressed rapidly, as any delays
will seriously jeopardise this work. '

The Coral Reef Project has been substantially supported through the UNDP/UNIDO.
UNDP/UNIDO funding for this project during 1995 amounts to more than U.S. $167,000
= 49,000 KD.

Table 1: KISR funding provided from February-June 1995, and support needed for this
Project from July-December 1995.

Budget Item 1994/95 1995/96 Total
Salaries 7,200 8,640 15,840
Operating Expenses

Exp. Lab. Supplies 180 355 535
Publications 400 400
Operating charges 230 520 750
Service charges ' 60 3,120 3,180
Others 260 260
Contingencies (5%) : ' - 233 233
Sub-Total 470 4 888 5,358
Capital Expenses

Exp. Equipment 8,371 785 9,156
Research Facilities 830 830
Others 262 100 . 362
Contingencies (10%) - 89 89
Sub-Total 9,463 974 10,437
Total non-salary items 9,933 5,862 15,795
Total Budget I 17,133 | 14,502 | 31,635

UNDP/UNIDO funding for this project = 49,000 KD
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Appendix 1. Details of Budget items

Note: * indicates that these items have been ordered.
UNDP/UNIDO funding for this project = 49,000 KD

Funding requirments from KISR

Professional salaries 4

Salary costs for Mr Al-Hazeem 11 months @ 90% = 9,504
Salary costs for Mr Al-Saffar 11 months @ 20% = 2,112
Salary costs for Ms Al-Sabah 11 months @ 40% = 4,224

Total salary costs for MFD, KISR personncl= 15,840 KD

Field Surveys

Research vessel equipment. The following equipment is essential for boat travel, safety and
survey requirements: *additional fuel drum and fuel lines 102 KD; *anchor system 51 KD;
*winch 275 KD; *ladder, horn, pumps, lights, ropes 120 KD; deck cover 175 KD; *scuba
tank stand 85 KD; miscellaneous motor and boat equipment 22 KD. Total = 830 KD.

Safety equipment. *First aid kit 37 KD; *portable oxygen resuscitation kit for scuba diving
emergency 135 KD; *emergency flares 5 KD. Total = 177 KD.

Boat fuel and oil costs: estimated from present consumption = 280 KD.

Data loggers: *for temperature recording; two at each of 4 sites plus two replacement
loggers = 10 @ 96 KD = 960 KD.

Nikonos lens: Nikonos underwater camera close-up extension tube set = 80 KD
Subsistence allowance: for field trip meals. 4 persons x 20 days 150 KD.

Miscellaneous items: *batteries, survey tapes, *coral sampling equipment, plastic tubs for
transporting corals, *perspex tags, underwater paper = 185 KD

Laboratory Equipment
Hi-8 video equipment: *Hi-8 video player 550 KD; *S-VHS large screen monitor 390 KD;
*tapes, batteries, recharger 156 KD = 1,096.

MDS analysis package: Multi-Dimensional Scaling (MDS) is essential for analysing the reef
community data and is being used extensively overseas for such analysis. The program was

developed at Plymouth Marine Laboratories, UK and a site licence is approximately 220
KD.
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Microscopes: the project requires full-time use of a minimum of two dissecting microscopes
and one high power compound microscope. I strongly recommend purchasing Olympus
cquipment as it is less expensive than the other major manufacturers, has superior optical
quality, and is compatible with my personal Olympus camera equipment which I am
prepared to use on this project to reduce costs. *SZ30 microscope 300 KD; *SZ40
microscope and phototube 490 KD; *SZ-STU1 universal stand and SZ-STBI holder
260KD; *two fibre-optic lights essential for analysing live coral gametes and embryos 700
KD; *two micrometer eyepicces 30 KD; *BHS High Power microscope and phototube
1,200KD; *OM camera adapter 100KD; Total = 3,080 KD. '

High precision balance: *essential for buoyant weighing corals for growth studies = 730
KD.

Aquaria: *glass aquaria for monitoring corals, rearing larvae and for stress experiments =
480 KD; plastic and fibreglass coral storage and experimental tanks = 65 KD. Total = 545
KD.

Metal halide lights: essential for maintaining corals in indoor tanks during summer. These
lights are the only type capable of maintaining corals in a healthy condition for
experiments. 10 Aqualine Buschke 10,000 K light units @ 85 KD = 850 KD.

Experimental flow-through chambers: for coral experiments = 420 KD.

Temperature regulators and heating units* for temperature experiments. 10 @ 95 = 950
KD.

Micropipettes: *one 1 ml and two 5 ml precision micropipettes and tips = 225 KD.

Other items

Glassware: *beakers, *pipettes, *graduated cylinders, glass vials for toxicity experiments =
230 KD.

Chemicals:* formalin, *acid, *ethanol, Bouin's fixative, *Alizarin stain, metal reagents =
105 KD.

Plasticware: disposable pipettes, storage vials, bags, beakers = 40 KD.
E.M. fixatives: osmium tetroxide and glutaraldehyde, Analar grade ethanol, Spurr's resin,
for fixing and preparing coral tissue samples for thin sections and ultratructural analysis.

Total = 80 KD.

Tissue analysis: thip sectioning and ultrastructural analysis charges for SEM and TEM =
200 KD.

Heavy metal analysis: sample analysis charges for heavy metal levels in coral samples
1,600 KD.

Taxonomic verification: of coral samples. 4 days @ 300 KD = 1,200 KD
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Larval rearing: plankton mesh, plastic pots, mooring system, rearing cages, settlement tiles
= 80 KD.

Photographic costs: slide and print films for coral and reef photographs, B&W films and
prints, developing charges = 320 KD.

Publication costs: costs of preparing and courier charges for manuscripts = 400 KD.

Miscellaneous costs: fax charges, sample postage, Scleractinian taxonomic monographs,
dissecting equipment = 260 KD.

Total non-salary budget items (including Contingency costs) = 15,795 KD.
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Annex 3: Data tables and figures
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Figuce 1. Map showing the location of the main coral reefs in Kuwait



Figure 2. Coral and fish communities at Qaru reef.
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Figure 3a. Gruph of sea temperature during July- September 1995 at the reef flat
site, Qaru reel, Kuwait.
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Figure 3b. Graph of sca temperature during July - September 1995 at the reef
slope site, Qaru reef, Kuwait.
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Figure 5. Polyps of the brain coral Plarygyra duedalea spawning egg and sperim bundles.
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Figure 6. Photograph of Shaker Alhazeem and Adel Alsatfar and the Coral Reef Ecology display at
MFD.
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Table 1: Summary of % cover of benthic categories in video transects at Qaru Island, Site 1 |

Category [ Trt 1 Tr2 Tr3 Tr4 Tr5 i Tr6 [ Tr7 | Tr8 1 Tr9 | Tr10 Mean cover] Std. dev.
Live coral | | | i |
Acropora arabensis | 105%| 67% 11.9% 150% 169%| 12.8%| 14.4%| 7.5% 9.0%! 7.6% 11.2%| 0.0354
Fragmented A.arabensis | 0.0%! 0.0% 0.3% 0.0% 0.0% 0.0% 0.0%! 0.3%! 04%' 03% 0.1%} 0.0017
Acropora clathrata ©19.7%, 12.0% 16.0% 240% 16.9%| 150%| 257%' 26.4%! 14.9%i 14.9% 18.5%| 0.0511
Fragmented A.clathrata |  0.0% 1.3% 0.6% 1.0% 0.0%| 08% 13% 16%| 34% 1.7% 1.2%] 0.0098]
Total Acropora | 30.1%! 200% 28.8% 39.9%  338%| 285%| 41.4% 35.8%! 27.6%! 245% 31.0%| 0.0671
! | 3 | |
Porites compressa I 21.3%| 227% 102% 13.4% 9.1%] 10.3% 9.7%| 22.6% 209%; 15.7% 15.6%| 0.0577
Porites lutea P 0.0% 0.0% 0.3% 0.0% 0.0% 1.3% 0.0%] 00%! 45% 26% 0.9%| 00153
Total Porites | 21.3%! 227% 10.5% 13.4% 9.1%! 11.5% 9.7%! 226%i 254%' 18.4% 16.5%| 0.0626
| ! | | :
Platygyra i 0.8%] 1.0% 0.9% 1.3% 0.0%| 0.0% 0.0%  03% 04%! 06% 0.5%| 0.0046
Favia i 08% 0.0% 0.0% 0.0% 03% 0.0% 0.0%: 03%i 00% 00% 0.1%| 0.0028
Massive coral (other) [ 0.0%] 0.0% 0.0% 0.0% 03%! 0.0% 0.0%: 06% 00% 06% 0.2%] 0.0026
1 i l i i :
Other benthos ‘ ! ! : ' o
Diadema urchin 17%.  3.3% 0.9% 0.6% 14%. 2.0% 1.9% 0.3% 1.9% 2.3% 1.6%| 0.0088,
Echinometra urchin 29%. 1.3% 2.0% 2.2% 37%  43% 2.2% 22%  15%  1.5% 2.4%][ 0.0097
Pencil urchin 0.0%  0.0% 0.6% 0.0% 0.0%  0.0% 0.0%. 0.0% 0.0% 0.0% 0.1%| 0.0018
Substratum 5 | ‘
Dead A arabensis 0.0%  00% 1.7% 0.0% 00%  00%  00% 0.3% 0.7% 0.3% 0.3%| 0.0056
Dead A.clathrata 0.0%  0.7% 4.1% 0.3% 0.0%.  0.3% 1.3% 2.2% 1.1% 06% 1.0%| 0.0126
Dead Porites 2.9%! 1.3% 0.0% 7.0% 4.1% 3.8% 2.2% 6.9% 5.2% 0.6% 3.4%] 00247
Dead coral (other) 20.5%' 227% 326% 157% 213% 268%| 219% 11.0% 183% 32.9% 22.4%| 00692
Rubble 13.8% 20.3% 13.7% 153% 213%  185%| 11.9% 142% 11.6% 9.3% 15.0%| 0.0391
Sand 50% 67% 4.4% 4.2% 47%  45%| 75% 3.1% 6.3% 8.5% 5.5%| 00168
i : |
Total live coral 53.1% 43.7% 40.1% 54.6% 43.6% 40.0%| 51.1% 59.7% 534% 44.0% 48.3%| 0.0688
Total urchins 4.6% 47% 3.5% 2.9% 51%'  63% 4.1% 2.5% 3.4% 3.8% 4.1%| 0.0111
Total dead coral 23.4% 247%  38.4% 23.0% 253% 30.8%| 254% 204% 254% 34.4% 27.1%] 00561
Total other substratum 18.8% 27.0% 180% 19.5% 260% 23.0%/ 194% 173% 17.9% 17.8% 20.5%| 0.0356

0L
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Table 2: Summary of % cover of benthic categories in video transects at Qaru Island, Site 3

| Category Tr 1 Tr2 Tr3 Tré4 Trs Tré Tr7 |[Mean cover| Std. Dev.
Live coral

icropora arabensis 28.3 35 40.8 271 251 35 40.8 33.2| 6.44
Fragmented A.arabensis 0.2 0 0 0 0 0 0 0.08
Acropora clathrata 51.1 38 305 47.4 297 38 30.5 3798] 858
Fragmented A.clathrata 0.5 0] 0 0 0.3 0 0 0.1] 020
Porites compressa 8.1 4 12.2 6.1 11.8 14.7 12.2 99| 387
Porites lutea 0 0.5 0 0 0.5 0.1] 0.24
Platygyra 0 0 0.3 0 0 0 0.3 0.1] 0.15
Favia 0 0 0 0.3 0 0 0 0.0f o011
Cyphastrea 0 0 0 0 0 0 0 0.01 0.00
Other benthos

Diadema urchin 0 0 0 0 0 0 0 0.00
Echinometra urchin 0.2 1 3.2 3.2 5.5 2.1 3.2 26] 173
Pencil urchin 0 0 0 0 0 0 0 0.0l 0.00
Holothurian 0.2 0 0 0 0 0.6 0 0.1 0.23
Substratum

Dead A.arabensis 0.5 0 1.1 0.6 14 0 1.1 0.7] 0.55
Dead A.clathrata 0.7 4 3.2 6.5 35 06 3.2 3.1 202
Dead Porites 0 0 0 1.3 0.6 1.2 0 0.4] 059
Dead coral (other) 0 0 0.3 1.9 0.9 1.5 0.3 0.7] 0.75
Rubble 1.7 1 53 3.9 15.3 33 53 51 478
Sand 8.4 17 2.7 1.6 6.1 3 2.7 59| 543

L
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Table 3: Summary of % cover of benthic categories in video transects at Qaru [sland, Site 4

Mory | Tr1 Tr2 Tr3 Tré4 Tr s Tré | Tr7 |Mean cover] Std. dev.
Live coral } |
Acropora arabensis 21.1 14 17.8 22 14.4 8.7 20.5 16.9 4.82
Fragmented A.arabensis
Acropora clathrata 48.2 54.2 50.5 29.1 31.2 35.7 23.7 38.9; 3894
Fragmented A.clathrata | 0.7 0 0 04 0.3 0 0 0.2 0.20
|
Porites compressa 7.6 9.5 54 11.2 13.9 15.5 11.1 10.6{ 10.60
Porites lutea 0 0 2 0 0.8 0 0.3 0.4 0.44
Platygyra 0 0.8 0 0.4 0 0.7 0.6 0.4 0.36
{Favia 0 0 0 0.4 0.5 0.4 0 0.2 0.19
Cyphastrea 0.3 0 0 0 0 0 0 0.0 0.04
Other benthos Hi
Diadema urchin
Echinometra urchin 1 1.1 3.4 3.4 39 4 4.1 3.0 2.99
Pencil urchin
Substratum
Dead A.arabensis 1.3 04 0.3 4.1 0.5 0.4 29 1.4 1.41
Dead A.clathrata 6.9 5.3 6.7 14.2 14.2 6.1 12.6 94 9.43
Dead Porites 4 2.3 47 1.9 36 6.9 7.3 44 4.39
Dead coral (other) 0.7 0 2 26 5.5 2.9 2.9 2.4 2.37
Rubble 4 34 3.4 26 4.7 7.9 53 4.5 4.47
Sand 4.3 3.8 3.7 7.8 6.3 10.8 8.8 6.5 6.50
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Table 4: Summary of % cover of benthic categories in video transects at Qaru Island, Site 5

Category | Trd Tr2 Tr3 | Tr4 Tr5 Tr6 | Tr7 [Mean cover] Std. dev.
Live coral ! |

 Acropora arabensis 0 0 0 0 0 0.6, 0.6 0.2 0.29
Fragmented A.arabensis 0 0 0 0 0 0! 0 0.0 0.00
Acropora clathrata 0 0 0 1.8 3.2 1.6 0.8 1.1 1.21
Fragmented A.ciathrata 0 0 0 0 0 0 0 0.0 0.00
Porites compressa 354 29.3 26.1 35.9 35.1 432 46.5 35.9 7.14
Pontes lutea 0 0 0 0 0 0, 0 00/ 0.00
Platygyra 0 0 0.8 0 0. 0 0 0.1 0.30
Leptastrea 0 0 0 0 0! 1.3 0 0.2] 049
Cyphastrea 0.3 0 0 0 0 0.6 0 0.1 0.24
Other benthos |

[Diadema urchin 0 0 0 0 0 0 0 0.0 0.00
Echinometra urchin 11.7 16.5 17.6 10.4 8.1 8.2 10.6 11.9 3.78
Pencil urchin 0 0 0 0 0 0 0 0.0 0.00
Substratum

Dead A.arabensis 0 0 0 0 0 0 0.3 0.0 0.11
Dead A.clathrata 0 0 0 0 0 0 0.3 0.0 0.11
Dead Porites 20.5 33.3 27.9 42.7 33.4 20.2 21.6 28.5 B.46
Dead coral (other) 19.3 5.2 18.2 5.3 114 18.6 9.2 12.5 6.23
Rubble 5.1 3.7 6.3 2.1 1.9 0.9 4.5 3.5 1.95
Sand 8 12.1 29 1.8 6.8 4.7 5.6 6.0 3.44

€L
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Table 5: Summary of % cover of benthic categories in video transects at Umm Al Maradem, Site 1

Category I Tr1 Tr2 | Mean cover | Std. dev. | i

Live coral | i

Acropora arabensis 0 0 0.0 0.00 i

Fragmented A.arabensis 0 0 0.0 0.00 [

Acropora clathrata J 0 0 0.0 0.00

Fragmented A.clathrata 0 0 0.0 0.00

Porites compressa 51 55.2 53.1 2.97

Porites lutea | 0 0 0.0 -0.00 |
|

Platygyra 0.3 0 0.2 0.21 !

Leptastrea | 1.1 0.8 1.0 0.21 i

Cyphastrea [ 1.4 0 0.7 0.99 |

Massive coral | 0 0.8 0.4 0.57 | |

Other benthos

Diadema urchin 0 0 0.0 0.00

Echinometra urchin 9.9 9.3 9.6 042

Pencil urchin 0 0 0.0 0.00 l
|

Substratum

Dead A.grabensis 0 0 0.0 0.00

Dead A.clathrata 0 0 0.0 0.00

Dead Fontes 27 4 3.4 0.92

Dead coral (other) 23 17.9 20.5 3.61

Rubble 4.7 3.2 4.0 1.06

Sand 6 8.8 7.4 1.98

tL
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Table 6: Summary of % cover of benthic categories in video transects at Umm Al Maradem, Site 2

€L

Category i Tr1 Tr2 Mean cover | Std. dev. | !
Live coral |
Acropora arabensis 0.6 0 0.3 0.42 i
Fragmented A.arabensis 0 0 0.0 0.00 i
Acropora clathrata 0.6 0 0.3 0.42
Fragmented A clathrata 0 0 0.0 0.00

|
Porites compressa 30.3 25.6 28.0 3.32 |
Pontes lutea 0 0 0.0 0.00
Platygyra 0 0 0.0 0.00
Leptastrea 0 1.9 1.0 1.34
Cyphastrea 0 0 0.0 0.00

I
Other benthos i
Diadema urchin 0 0 0.0 0.00
Echinometra urchin 24.3 16.8 20.6 5.30
Pencil urchin 0 0 0.0 0.00
Substratum
Dead A.arabensis 0 0 00 0.00
Dead A.clathrata 0.3 0 0.2 0.21
Dead Porites 10.3 6.5 8.4 2.69
Dead coral (other) 243 36.2 30.3 8.41
Rubble 3.7 4.9 43 0.85
Sand 57 8.1 6.9 1.70




Qstlsumm

Table 7. Summary of % cover of benthic categories in video transects at Kubbar, Site 3

Category Tr1 Tr2 Mean cover { Std. dev.
Hve coral

Acropora arabensis 1.6 0.4 1.0 0.85
Fragmented A.arabensis 0 0 0.0 0.00
Acropora clathrata 0 0 0.0 0.00
Fragmented A.clathrata 0 0 0.0 0.00
Porites compressa 56.6 54 55.3 1.84
Porttes lutea

Platygyra 0.4 0.4 04 0.00
Leptastrea 0 0.7 0.4 0.49
Cyphastrea 1.2 0 0.6 0.85
Other benthos

Diadema urchin 0 0.4 02 0.28
Echinometra urchin 7.4 9.9 8.7 1.77
Pencil urchin 0 0 0.0 0.00
Zoanthid 0| 0.7 0.4 0.49

9L
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Table 8: Summary of % cover of benthic categories in video transects at Kubbar, Site 4

Category | Tr1 Tr2 Mean cover | Std. dev.
Live coral

Acropora asrabensis 0 0 0.0 0.00
Fragmented A.arabensis 0 0 0.0 0.00
Acropora clathrata 0 0 0.0 0.00
Fragmented A.clathrata 0 0 0.0 0.00
Porites compressa 1.4 16 8.7 10.32
Porites lutea 0 0 0.0 0.00
Platygyra 0.3 0 0.2 0.21
Leptastrea 2.7 0.6 1.7 1.48
Cyphastrea 0 0.3 0.2 0.21
Massive coral 0.3 0 0.2 0.21
Other benthos

Diadema urchin 0 0 0.0 0.00
Echinometra urchin 149 13.2 14.1 1.20
Pencil urchin 0 0 0.0 0.00
Zoanthid 0.7 0.3 0.5 0.28
Substratum

Dead A.arabensis 0 0 0.0 0.00
Dead A clathrata 0 0 0.0 0.00
Dead Porites 234 12.6 18.0 7.64
Dead coral (other) 36.9 37.5 37.2 0.42
Rubble 07 34 2.1 1.91
Sand 186 16.2 174 1.70

LL
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Annex 4: Publications from this project
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Kuwait coral relief xpllnd

THERE'S ivhing yuite like an ecovntastrophe
to pet the media hopping with excitement. In
fact, the bigger ihe better.

The Amoco Cadiz oil disaster off the coast
of France in 1978 attructed its share of public
coneem hack in the diys of blossoming envis
ponenid nwnrencess, i did the snassive Exam
Valdez spilh in Alaska i 1989,

Rut the destruction wreaked by setreating
Iragi forves in Kuwait in February 1991 was the
ceocastrophe that really whipped the intema-
trnal sl b n Benzy of gpecilation.

Aduiiteilly, there was good reason,

“Ihe destruction of more than 730 Kuwait oil
wells by the retreating Iragi forces resulied in an
cstimated 10.8 million bamrels of oil being
released into the coastal waters of the Arabian
Gul( berween January and June 1991

It was by far he world’s largest oil disaster,
made worse by the fact that it would take an esti-
mated three and a half years for the small semi-
encloscd watcrway to chum its waler back out
to the indian Ocean.

Long-term disastrous afTects to the Saudi
Arabian environment, including loss of wildlife
and the likely damape 10 Kuwait's rare comal
reels, were predicted by a colourful vasicty of
environmental expens.

The world was stunned.

But in a surprise ending to the story, onc of
the major concerns of the calastrophe — the
cfTect on Kuwait’s coral reefs ~ has ended up a
far cry from the dirc state that mosl media had
forecast.

But the media has forgotten to let the workd
know.

The media’s failure to report what should
have been one of the world's most important
follow-up stories is a topic Ihat evokes rare
anger from world leading coral expert, Dr Peter
Harvison,

*“The really remarkable thing is that, based on
anecdotal evidence, mosi of the reels look like
they survived the spill vinually unscathed — the
ecocalastrophe that everyone wns dreading
(ailed 10 eventunte,” | burrison said.

“But what is also interesting is the difficul-
ty that scicnce stories have geiling into the
media unless they are of the ‘bad news’ variety.

“When the spill was being described as an
ccocatastrophe it was given widcspread pub-
licity, but the fact 1hat it hasn’t been the disas-
ier everyone thought it wouk! be hasn't been
publicised.”

A lecturer at the centre for coastal manage-
ment in the faculty of resource science and ian-
agement ot coasial-based Southern Cross
University in Lismore, NSW, Harrison is cur-
rently half-way through a I2-momﬁ United
Nations contract in Kuwait to examine the afer-
math of damage to the couniry’s coral reefs.

Harrison is widely known for his role in the
team of scientists who discovered the spectac-
ular mass coral spawning on the Grest Harrier
Recf - a discovery that won the icam the Eureka
Science Prize in 1992,

Tis research has been crucial to establishing
why Kuwait's reefs have sustained such o pimim-
molh ecological disaster, And closcr o hmne.

Ute atter the Arabion Guif ot spiit . . . Dr Peter Horison brecks down the myth of destruc-
fion that surounds Kuwalt's rore coral reef system,

comprises overgrazed desernt anl & spmwiling
mctrpolls of weallh, the reel systemis are the
only part of the Kuwait environment that Is left
in any natural form.

Harrison's research has been crucial to help-
ing scientists understand why, against all odds,
the reefs have managed to survive.

I gucss it’s been a surprise to just about
everybody who's been involved with these stud-
ics that they have survived,” Hamison said.

Nonmally when coral comes into contsct
whh oil there are s range of siress responses,
brought on by the fact that oil contains s pum-
ber of highly volatile compounds that are direct-
ly toxie to coral tissue.

I the oil is thin, the coral may be able 1o pro-
tect itsell by producing a mucus sheath until the
oil Is carried away, Bul if the oil is thick, the
coral may be kied on impact,

Thick oil also blocks out suntight, which is
crucial for photosynthesis, and smothers the
coral by not allowing essential oxygen below
the water surface.

Fortunately, the oil released by the retreating
Iragi forces was an extreinely light crude oil by
world Inrds, which meant much of It evap-

many of his findings slso p
application for Australia's reefs.

The plohal significunce of Kuwait's 13 sub-
tropical platfomi reefs is that theoreticnlly, they
shoukd nin eadst.

Lasated w Jong way [rom the tropleal envi-
ronment in which st coral reels ~ such as
Australia’s Great Barrier Reel — are typically
found, the reefs have somehow managed 1o sur-
vive extremely Jow temperatures of down 1o 13
deprees Celsius during winier nsonths.

By comparison, the minimum temperature
widely considered 1o be the limit for coral reel
development is IR deprees Celsius,

Loxisting inan extrenie environnient, they are
the cokdest recorded of any nctively prowing
reef sysiem in the workl,

Iigh salinity provides ndditional siress to the
reels. While world average occan water has n
salinity of 35 paris per 1000, the salinity in the
gulf rises as high ns 42 parts per 1000.

“Normally, this would put 8 lot of stress on
reel orpanisms, but Kuwait's reefs have sus-
tained the high salinity levels,” Harrison said.

With only around 30 species of coral, com-
Pparcd with around 360 on the Greal Barmier Reef
and S50 worldwide, Kuwait's reefs are not visu-
ally spectacular,

Bl they certainly hold a unique place in the
elobial envirominent, und wee paticalarly volu-
able 10 Kuwait’s largely war-lom and ravaged
environnent.

In a country where the tand mass mostly

orated off the waier. In the hot desen environ-
ment and beneath high Hght imensity, many of
the hydrocarbon compounds found in oil evap-
e very guickly,

Secondly, most of the oil tended to Now
nlong the coustline, bypassing some of Kuwait's
most pristine coral reefs.

Thintly, and most inicrestingly, it appears
that the voml species thint moke up Kuwalt's
reets miay have & nuturn! wolerunce to oil. ‘Thils
is reflccted by the fact that senne of the preiti-
st reefs are located adjacent to nawral oil seeps.

“All of these factors combined have con-
founded everyonc's intery ions, and proba-
bly saved the environnent. There’s no other
explanation,” Harrison said.

While there has been xomie significont cornl
death in two of the reels, Harrison has now
atiributed this to a winter chilling affect in 1992
when the iemperature dropped to jusl |2 degrees
Celsius.

“it appears that natural stress did more dam-
age than Lhe entire o0il spill,” Harvison said.

One experiment involving oil and Jarvac has
led Harrison to the conclusion that had the oil
spills devastated the coral reefs, it would have
tuken them cenusics, il ever, 10 ReCover,

“Hooked at the elieers of ol pollation on the
ubillty of kavae 1o settle s what we Jound was
then cven very Iow concentration of vil hydr-
cnbony in the witer inhibited cosal Larvae from
setiling.” he sakl.

This indicates thal the chronic natursl levels
of ail that have an ongoing exisience in the
water are probably Inhibiting the natura! settle-
ment of coral larvae most years. i is therefore
only under exceptional circumstances when the
oil is forced away by ocean currents or winds,
that the larvae are abie to settle.

“That makes the existing coral reefs even
more rare,” he said.

As pant of Harrison's contract with the
United Nations, he has echoed his success in
Australia in recording coral spawning in
Kuwait for the (irsi time — an event that atiract-
ed intense attention from the Kuwait media.

Harrison’s work with spawning led him to
some fertilisation experiments looking at the
affects of salinity, which provided some inter-
esting answers to why coral in Australia doces
not successfully spawn during periods of high
rainfall,

“What I found was that the high salinity that
occurs arourk the Kuwalt reefs does no inhib-
It fenilisation, but low sallnhy dnes block fer-
tilisation. Now, that's not going 1o be a
problem in the gull where salinily levels are
high, but It does explain the fact that in the very
first year that we looked ai spawning on the
Great Barrier Reel we found that everything
was kllied by an unseasonnbly earty downpour,
andd the emtire reel's output lor that ycar was
wliped out,” Harrison sald.

1le has also able to confirm just how l|gh|ly
cued coral sp g is o a bi of
water temperature, moonlu;:hl and time afler
durk,

In Australla, coral spawning occurs four ta
five nights aher Tull moons in October,
November and December. The equivalent time
in Kvwait is May and Junc,

"One of the species in Kuwait spawned on
exactly (he same night after the full moon, at
cxactly the same time alter sunset, as you
woukd predict it irom the Great Barrier Reef,
bul just six months out of phase,” Hamison
said.

*“1 remember just looking at my waich and
thinking how amazing it was to be on the other
side of the world and these corals were doing
exactly the same things in the same lunar phase
as Ausiralian corals.”

Harrison's contract is jointly funded by the
United National Development Progeans and e
United Nations  Industeinl  Development
Onpanisation, in conjunction with the Kuwail
Institute of Scientific Rescarch, ol a 1otal value
al $A160, (00,

Harmison will retum 10 Southem Cross
University in Jannary 1996,
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Kuwait coral study

n a brief visit home during his year-
long United Nations consultancy in
Kuwait, Dr Peter Harrison called
into the University in August.
Peter is a world coral expert and Lecturer in
the Centre for Coastal Management in the
Faculty of Resource Science and
Management.
He and his tecam of three young scicntists arc
helping the Kuwait Institute for Scientific
Research (KISR) develop a strong program
tor the coral.
The $300.000 project being undertaken is the
*Ecology of Kuwait's coral reefs’, how the
coral have fared following the oil spill in the
1990-91 Gulf War.
Peter said scientists involved in the studies
were surprised that although the oil spill was
massive, the coral seem 1o have survived
virtually unscathed”.
“Fhere scems 1o have been very little stress
because remarkably a number of things
happened,” he said.
“The oil flowed more along the coast rather
than further out where the coral is, more
towards Saudi Arabia. and its reefs mainly
survived too.
“Oil is directly toxic to the coral and the lack
of light and oxygen smothers the coral.
"But the crude oil left by the retrcating Iraqi
forces is a very light oil and the high light
intensity helped to break down the damaging
cifects on the coral.
“The ccocatastrophe that everyone was
expecting didn’t happen.”
Another scientifically interesting aspect is
that Kuwait’s coral reets should not exist.
“They're subtyopical reefs and 18 degrees
Celsius is the lowest temperature where coral
reef growth can be expected.” he said,
“The temperature drops to 13 degrees Celsius
n the winter.
“But the corals are 400 to 500 ycars old and
some arc massive. as big us a room.
“There are about 30 species on 13 reets and
five of the reefs are reasonably important.
“They're not visually spectacular but the
reels off-shore arc very pretty.”
Peter sand that damage to the coral was more
fikely to have been the result of the chilling
cttects of winter than the oil spill and some
sites had significant anchor damage and coral
breakage.
Peter was a member of the team of scientists
which discovered the mass coral spawning
an Australia’s Great Barrier Reet, which won
it the Eurcka Science Prize in 1992,
He and his team in Kuwait are the tirst te
have recorded coral spawning in that country.
“The synchronous mass coral spawning is on
the same night after full moon and at the
same time after dark as in Australia, but six
months carlicr or later.” he said.
“This led us to a fentilisation study and we
Towd that the high salinity ocean water does
not inhibit tertilisation but low salimty
would, and even very low amounts of il

built-up coastal strip and the rest desert.

Southern Cross University October 1995 : - 9
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“Oil lcaks naturally on to
the coral reefs - there are
huge wafts of oil - but you
still get preuty reefs
developed adjacent to it,”
Peter said.

“We have been able to set
up a comparative base
using an underwater
camcra, vidco recordings
and photos 1o quantify any
damage to the coral”

The project is funded by the
UN Development Program
and KISR.

Peter said it took two to
three mouths o establish
equipment for a new
laboratory at the beginning
of the year.

One scientist working with
him, Mr Shaker Alhazeem,
is coming to the University
next vear to do a Masters
degree.

Peter has another month in
Kuwait and retumns to the
University in January.

- Dr Peter Harrison with a feature story in a Kiwwait publication
about his work on Kuwait's coral reefs.

Korean researcher

r Kwon. Sung-Yong, is the latest
visitor to the Faculty of Education.
Work and Training under the

‘Asian Perspectives on Mathematics
Education’ project.

He is from Korca National University of
Education in Jo Chi Won, Chungbuk
Province. and is underaking data collection
and analysis for research projects in
comparative curriculum, teaching styles and
cognitive construction, under the direction of
the Faculty’s Dr Garry Bell.

He is also continuing the work begun by Mr
Sco. Dong-Yop, of Scoul Nationai
University. who was a researcher with the
Faculty last year.

The "Asian Perspectives on Mathematics
Education’ project has been operative since
1992 und has attracted more than $100.000 in
tfunding from various sources.

Two hooks and a series of tcaching materials
have been produced as i result of the project,
in Korcan, Chincsc. Japanese, Indonesian,
Thai and Vietnamese. in addition to

TR b el

L Aot us s ol VDI vt seata e

from Japan, Korca and Indonesia. and has
provided an editorial centre for the annual
publication Review of Mathematics
Education in Asia and the Pacific.

Christiana Kim recentlv moved to the area
Srom Inchon. At St Carthage’s School. she is
pictured with Mr Kwon, telling the class the
storv of the traditional hair ribbon which
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PRDJECTS

OIL LAKES UPDATE

On June 6, a delegation rep- -
resenting both KISR and the

Arab Oil Company visited

the site of the project on the
rehabilitation of oil lakes
The project is being carried
out jointly by KISR and the
Japanese Energy Center.

The oil lakes were formed
as a result of the setting
afire of Kuwaiti oil wells
by Iragi troops as ‘they
pulled out of Kuwait.- The
lakes are a major threat:to',
the environment because of "
the toxic components of the
oil as well as the possibility
of the existence of mines
and explosives in them.

The project, which was a
formally agreed upon last
year, is aimed at applying
different technologies to
treat the severely polluted-
oil lake bottoms.

The visit coincided with the

completion of the first year

of the project in which one -
hectare of oil lake bottom -
was treated in cooperation :
with KOC, which allocated :
the one hectare from oil*:
lake no. 102 in the Burgan '’

oil field. The site was also '
cleared of mines in coop-

eration with the Ministry of
Defense More than 3000
m’ of oil sludge was re-
moved for treatment; the oil
was extracted by thermal/ -
chemical - methods .. de-*
veloped by KISR scientists :
in cooperation with the Shi-

et Sy v

S

"An Oll Lake Burning

. midzu . Engmeenng Com-
pany inJapan. . .. .
Other studies wers also car-

 ried out on the degree of oil”

pollution seepage to the var-
ious lower soil layers. More

“than 7000 m® of polluted

soil was’ removcd to bio-
treatment  methods” v de-

-veloped by ‘KISR sciéntists’

using bacteria ‘' capable “of

.degrading’.oil." These ;meth-..

ods will be- extensively. as-:’

-sessed "in" cooperanomwnh' £

the Japanese
Company.-

The duration of this pro;ect
is three years, and it is the
largest ‘environmental - pro-
ject being conducted in the
Middle East in cooperation
with the' Japanese Energy

Obayashx

_Center. The importance of

this project lies in its execu--
tion -under the very harsh
desert conditions. The re-
sults of the project will be

“presented. to the concerned :
. authorilies as environmental -

plans and recommendations. *

-The delegation met with the’
;work team and viewed' the’

.ongoing work. They ‘also.
witnessed the work -ac-:
complished in the first stage:

‘of the project and were giv-'

en an explanation "of the:

work to be done in the next.
- Stage. At the end of the vis-

. ity the idclegakionfe__xpressed F

: thelr .satisfaction ' with " the"

- work ‘and. wished "the team _
success-in-the next stage of .

REPRODUCTION OF CORALS

e

Branching coral spawning egg and sperm bundles. Photo by Dr. Peter Harrison

A research team at KISR
has successfully observed
and documented the re-
production of reef corals for
the first time in Kuwait.

The research forms part of
the Coral Reef Ecology
Project at the Mariculture

and Fisheries Department.

The project is studying the

ecology of Kuwait’s coral

reef ecosystems, coral re-
production and the effects
of pollutants on corals. The
research : team consists of
Dr. -Peter Harrison - from

‘Southern’ Cross University

in Australia, who is the Pro-
ject Leader and is supported
by the United Nations De-
velopment Programme and

the 'United Nations In-
dustrial Development Or-

ganization, and Mr. Shaker

-Alhazeem and Mr. Adel Al-

Saffar from KlSR

U H

After weeks of mtensnve re-
| search, many colonies ‘of
.two “species of branching
.corals collected from Qaru
- observed '
spa\_vmng at’ night around

Island ' were 2

the. full " moon - period in
May 1995, and brain coral

" Arabian Gulf,

colonies were observed

" spawning following the full

moon in June. During the
spawning process, eggs and
sperm from each coral pol-
yp are gathered together

~into a small bundle and re-

leased from the coral pol-
yps synchronously. The
bundles float to the sea sur-
face where they break apart
and fertilization thén oc-
curs.

Following spawning,‘ many
thousands of coral larvae

. were raised in tanks at the
~Mariculture and Fisheries

Department, and larvae
were able to settle and met-
amocphose into juvenile co-
ral polyps. Experiments on
the larvae showed that very
low levels of oil hydro-
carbons inhibit coral larval
settlement.

These are the first records
of coral reproduction in Ku-
wait, and show that despite

. the extreme eavironmental

conditions in the northern
the coral
communities in Kuwait are

" healthy and capable of suc-

cessful reproduction.
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ANME

he vield was even higher. I bought
and was able to repay my loan

:er the harvest. Next, I decided to

> offseason and asked the project

me build a water trough, for which [
ight a machine for making biscuits,
ed for special village events. Assisting
n became very efficient producers.
the surplus at the local marker for
ofit. |

and returned the third vear, he was
cuct our house and improve the

s to our savings. My children took
le and biscuit production while their
naterials in bulk from the big mar-
ates our production there while the
ur produce to the village markert.
respected in the village; women

heir affairs. Childbirth is a problem.

I an old birth attendant who was not

RZIGIONAL BUREAU FOR ARAB STATES

qualified. Women, especially voung girls, suffered
from contamination and complications when giving
birth. With project’assistance, I volunteered to train
as a midwife, was registered in a formal course and
became certified after four months.

Today I am happy. We are working successfully,
earning enough money, and my husband is staying
with us. There is now something to look

forward to.”

Y PROJECT.

OB!ZCTIVE: to monitor and

Environmental To sirengthes the assess the etfects
and movements

ot toxic chemical

Support to Kuwait caracity of tne2
Institute of

Scientific Research

Environmen:
D:uision of 122 pollutants zesulting
Kuwait Inst:zte of from the Gulf War.

Scientific Research

Shaker Al-H.azeem. :2logist. Kinwait

“...CORALS ARE STILL
SUCCESSFULLY REPRODUCING...”
&€ n spite of extreme climate and marine
oil pollution, Kuwait is blessed with
important and beautiful coral reef
ecosystems. These reefs have been
formed over many thousands of vears
from the growth of coral colonies — dynamic eco-
systems delicately balanced between natural forces
that encourage growth and environmental distur-
bances that lead to coral death and reef erosion.
In 1993, the Kuwait Institute for Scientific Research
and UNDP began to study Kuwait’s coral reefs
and the effects of natural stress and human induced
disturbances on coral communities. A preliminary
survey conducted to determine in which areas outside
marine ecology expertise was most critically required
recommended that a coral reef ecological study be

jointly undertaken to investigate the structural and
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UNITED NATIONS DEVELOPMENT PROGRAMME

functional characteristics of Kuwait’s coral reefs.

A consultant conducted undenwater video surveys
of the major reef sites in order to quantify the status
of the coral reef communities. In general, these com-
munities appeared to be in healthy condition and
some reefs had high coral cover. However, we saw
evidence of significant coral damage and death
caused by people dropping anchors onto living coral
colonies. Some sites were littered with rubbish that
had been dropped onto the reef. This sight opened
our minds to the importance of public education in
highlighting the damage these activities cause to reef
environments. We vowed to continue our efforts to
inform people about the importance of these reefs
for the survival of fish and shrimp resources.

Afrer weeks of intense research, we made our first
discovery of coral reef spawning in Kuwait. Two
species collected from Qaru Island spawned in
aquaria, providing the first evidence thar corals are

still successfully reproducing on Kuwait’s reefs.

This was a significant breakthrough.

We hope that, by the end of this project, we will be
able to develop management guidelines for protect-
ing Kuwait’s unique subtropical coral reefs. Thanks
to the project’s success, the Institute’s management
has come to realize the importance of the coral reefs.
Consequently my postgraduate studies in Coral
Reef Ecology at Lismore University, Australia, have

been approved.”
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The coral reef of Qaru as seen from the air

T T o ' ne of nature's most spectacular creations, five

living coral reefs just off Kuwait's Arabian

. ‘ Sea coast are the subject of an ongoing study

- Coanrm R e project sponsored by the United Nations and undertaken

' o ' by the Kuwait Institute for Scientific Research Mar-
iculture and Fisheries Department.

As Kuwait's coral reefs and the ecosystems are
unique in the world and are perhaps the most northern, .
they have come under increasing strain during the last
; ) . decade, as a result of overuse, the Gulf War, which
;- P S ' caused the largest oil spill in history oil and other forms

of man-made pollution.

s T In addition to the oil spill, the water temperature in
' R i . the Gulf Region was lowered by 4 degrees as black
' smoke from buming oil wells blotted out the sun's rays

to more than 50 percent of the northern Arabian Sea. >

The Kuwaiti @gestl.l —_
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What has taken thousands of years to develop. de-
spite the harsh conditions of high salinity levels, ex-
treme heat in the summer, tidal erosion, and cool winter
temperatures. Kuwait's coral reefs have survived and
flourished until now,

Theorctically, and in fact, Kuwait's five recefs At
Kubbar, Qaru, Umm Al-Maradem, Qit'at Uraifjan and
Mudayrah should not exist. They do however, even ex-
posed to winter sea temperatures occasionally falling to
13 degrees, when most of the world's coral recfls cannot
survive below 18 degrees.

Additionally, the coral reefs support habitats for
hundreds of species of marine life, including com-
mercially viable species of fish. When the coral dies,
the fish which are sustained by the living reefs move to
morc fertile feeding and breeding grounds.

Despite the reefs' significance to the marine environ-
ment and ecosyslems, surprisingly little detailed sci-

"(Overuse has)
disturbed the
balance bhetween
the reefs’ ability
to sustain itself
and people's
pastimes"’

f B T\ _‘—.;66:

Mr. Shaker Al-Hazeem

cntific study has been undertaken on Kuwait's coral
reefs.

The threat of am ccological catastrophe in the Ara-
bian Gulf after the liberation of Kuwait in 1991 helped
focus international attention on the fate of Kuwait's co-
ral recfs.

Qaru, for example, was heavily damaged during an
exchange of heavy weapons fire as the allied navics and
air forces expelled Tragi occupiers by foree.

Adel Al-Satlar, Shaker Al-Hazeem and Ms. Tman
Al-Sabah are rescarch associates at KISR and have
shared their scientific rescarch responsibilitics with Pro-
ject Leader Dr. Peter Harrison, recognized as onc of

Nature's artwork, One of a'species of fish
co-dependent on Kuwait's£oral reefs

forcmost world authorities on coral habitat and spawn-
ing.

Their aim is to investigate the ecology of the Ku-
wail's coral reef system with a particular focus on the ef-
fects of both natural and man-made stress on the coral
communitics.

One of the outcomes of the study, developed by the
United Nations Devclopment Programme and the Unit-
cd Nations Industrial Development Organization, and
implemented by KISR. will be to find solutions to the
preservation of the delicate ccosystems belore man and
time destroy the reels.

One of the reefs supports the last breeding ground in
the region for the green sea turtle,
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"We really have a terrible situation developing,” said
Mr. Al-Saffar. "The proliferation of sport divers and rec-
reational fishermen operating without rules or regard to
the protection of their environment have disturbed the
balance between the reefs’ ability to sustain itsclf and
people’s pastimes.”

During the last two years, sport diving has grown ¢x-
ponentially, especially among young Kuwaitis. While
most are certified and have some understanding of the
sensitivity of the undersea environment, for every one
qualified diver, there are approximately four to five div-
ers who are un-qualified.

Cabin cruisers and sport fishing boats, when they
drop anchor on a reef, inadvertently kill off a half cen-

try or more of coral prowth. While the coral sur-
rounding the reefs in Kuwait are fairly hardy, compared
to other world reefs, they grow at a rate of about onc-
halt centimeter per year. In comparison, hardier va-
rictics of coral in other parts of the world grow in the 5
millimeter to 25mm range per year.

While one of the Kuwait Institute for Scientific Re-
search’s primary goals is to educate the public, and es-
pecially recreational visitors to the five reefs, the current
research project aims to discover how science can assist
in regenerating the coral, and ultimately, develop a man-
agement plan which could include recommendations to
the Kuwait Government 1o try and overcome the prob-
lems.

For cxample, there are no protected wildhite sanc-
tuaries for endangered marine species in Kuwait's coast -
al walers, especially for sca turtles and resident and mi-
gratory birds.

"We were very
Jortunate indeed
to have such a
distinguished

scientist like
Dr. Harrison

working with us"

|

Mr. Adel Al-Saffar

One of the project’s most significant discoveries to
date is the identification of spawning times and periods
of two species of Kuwait coral, unique in that their
spawning periods differ greatly from coral in other
world regions.

During the spawning process, cggs and sperm {rom
within cach coral polyp are slowly formed into a small
bundle beneath each polyp mouth. The bundle is then
released from the polyp - around the full moon cycle -
and floats to the surface where the egg and the sperm
separale, and cross fertilization occurs.

The project tcam captured the spawning process of
scveral species of Acropora corals in May and colonies
of the brain coral species Platygyra dacdalea in June

‘The Kuwuiti ‘Digest 13
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Acropora Coral on the reefs

from the Qaru reef, on film, and duplicated the event in
their Kuwait City laboratories.

"We were very fortunate indeed to have such a dis-
tinguished scientist like Dr. Harrison working with us,"
Mr. Al-Saffar said. "Dr. Harrison was the first to dis-
cover mass spawning in coral.”

Mr. Al-Saffar said the importance of duplicating the
spawning process in aquaria was profound. Techniques
to transplant the living, growing coral in the laboratory
to the reefs could someday be attempted as a means of
environmental stewardship.

They were the first records and photographs of coral
spawning in Kuwait. The results of the research showed
that local coral colonies were capable of successful re-
production, even in an artificial environment, and
opened up a wide range of new opportunities for future
research on indigenous coral.

"When we started with our coral surveys in coop-
eration with Kuwait University in 1983 and early 1984
we had zero information on Kuwait's coral reefs,” he
said. :

"From that initial Coral Reef Project, we discovered
where the reefs were, identified some 30 varieties of co-
ral living in our waters and catalogued some 120 differ-
ent species of fish supported by the coral.”

Additional scientific research material was provided
by the United States research vessel Mount Mitchell in
1992. Its purpose was to survey and analyze data on the
damage to the marine environment in the Arabian Gulf
region in the after of the Gulf War. Mr. Al-Hazeem was
Kuwait's representative for the Kuwait portion of the
survey.

Compared 10 coral reefs in other oceans, Kuwait's
reef are minute, the scientists said, but not any less im-
portant to the survival of the marine ecosystem in this
region as a whole.

"Our reefs are interesting because of the environ-
mental effect, they are the most northern reefs in the
world living in high salinity and variable temperature
waters," Mr, Al-Saffar said.

The salt content of the Arabian Gulf waters has been
measured at 40 parts per thousand compared with 35
parts salt per thousand of waters in other oceans. The

"Theoretically, Kuwait's five reefs
should not exist”

1 4‘Iﬁe Kuwaiti Digest
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Some of the reef coral which spawned in KISR’s lab

salt content, the scientists said precluded the survival of
hundreds of other coral species found in other regions.

"The focus of our initial study was should we, or
should we not protect the reefs," said Mr. Al-Saffar.
"We came to the conclusion that we should, and we re-
sumed our study of the reefs this year."

One of the key discoveries resulting from experi-
ments earlier this year focused on the effects of oil com-
ing in contact with coral larvac.

The study showed that even low levels of oil hydro-
carbons in seawater reduce, or even block the settlement
of larvae on the reefs. The findings have important ram-
ifications, not only because there is natural hydrocarbon
seepage in the area, but the reefs may be susceptible to
oil pollution accidents in the future.

"So far, we have finished the protection side of our
research, particularly the effects of salinity and oil pollu-
tion on the coral larvae,” said Mr. Al-Hazeem. "The oth-

“So far, we have finished the
protection side of our research. The
other component ... is the educational
side of the environmental equation”

er component in our research is the educational side of
the environmental equation.”

"We have been fairly successful in our attempts to
convey our message to the media that coral is a living
organism, an animal that we are morally bound to pro-
tect and watch over. We are now only beginning to un-
derstand what coral is and its benefit to Kuwait,” Mr.
Al-Hazeem said.

The next step in the public information campaign, he
said, is to convey what damages have been wrought by
man and what steps can be taken to ensure the coral
reefs’ survival.

"This is the wealth of Kuwait we are talking about,"
said Mr. Al-Hazeem. "There is nothing more beautiful
for sport divets and tourists to see than a thriving, col-
orful coral reef."

Both scientists said that the balance of nature had
been disturbed and that if steps are not taken immedi-
ately to restore that balance, life on the reefs would per-
ish.

Additional research will be conducted later year on
all five coral reefs to develop a detailed understanding
of the current status of the reefs, their growth rates, the
amount of contaminants in the coral, and effects of oil
pollution on the growth of adult coral.

The Kyewaiti Digest 1 5 ]




96

UNIDO's Substantive Comment on the final report of Dr. P. L. Harrison

The expert showed great earnestness to implement each item specified in the job
description and to report as such.

His achievement through the field work and laboratory set-up with the research staff of KISR
was very substantial for capacity building of Kuwait in ecotoxicological assessment of
chemical stressors on coral community even under various constraints such as lack of
proper equipment, difficult weather and climatic conditions, shortage of funds, insufficient
basic data, and shortage of manpower. He succeeded in surveying the present coral
community, measuring growth rate, reproductive status, and fecundity, studying in the
laboratory on fertility, and data interpretation. A few items, such as analysis of heavy metals
and effect on mature corals, were initiated although not completed. One of the remarkable
achievements in his work is the observation of reproduction of corals in the sea of Kuwait
and the identification of the effects of crude oil on settlement of coral larvae.

However, his initiative and pioneering work in the area of marine ecotoxicology in Kuwait
needs follow-up research and training for completion of the major goal of the project which
is to monitor the effects of chemical pollutants released during the War and to strengthen
the capability of KISR to monitor the pollutants. The ecological work of the expert concluded
that any effect from oil spills that occurred during the war were not obvious, while
ecotoxicological experiments revealed some clues indicating adverse effects of crude oil at
a critical reproduction stage of the coral life cycle. Other exposure factors such as presence
of other pollutants and the actual or estimated concentration of the crude oil - which will
definitely complicate the interpretation of adverse effect on coral - have not been taken into
consideration. Cooperation among biologists, chemists and chemical engineers together
with further assistance of consultants will conclude the remaining issues of this nature after
the completion of the first phase of the project.

Subsequent work and capacity building on search for cause-effect of oil pollution on the
coral population of Kuwait will greatly enhance the capability of managing other toxic
chemicals to be environmentally sustainable in the country and will enable Kuwait to play
a leading role in ecotoxicology/environmental monitoring of petroleum and related chemicals
thus preserving its natural resources and biodiversity from chemical hazards generally in the
Arab region.

It should also be noted that based on the expressions of the author and the discussions he
had in UNIDO, it is very desirable that more exhibitions are held in the area to educate the
public so that the feeling of ownership of the coral reefs is cultivated especially among the
school-going children.



