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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 I I 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 Kuwait. 

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 A 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 

is considerable potential for long-distance dispersal of coral larvae within the Arabian Gulf, hence 
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reefs are likely to be biologically interconnected. An experiment on the effect of different salinity 

treatments on fertilization rates in A 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 A cropora 

arahensis 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. 
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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 ofthis project is to 

assist the Kuwait Institute for Scientific Research (KISR) to set up lorig-tenn 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 Back&round 

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 massi"'.e 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 country'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 
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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 anthroi)ogenic 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): 

Phase 1. Ecological Amec;ts 

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 roral 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. 
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Phase 2: Ecotoxicology of corals 

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 Outcomes 

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 

establishment 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. 
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II. SUMMARY OF ACTIVITIES, RESULTS AND CONCLUSIONS 

A. Situation at the outset of this mission 

The detailed project objectives, as define.d 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 I 0 

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 w_as provided at MFD, together 

with access to a new 32' research vessel, and underwater video and computer equipment. 

However, with the removal ofKISR 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. 
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1. Subsequent progress 

Field work began in April following completion of the research vessel trials ar:id 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 (refer 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 of31,000 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 

I. I 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, 

I993). In addition, some quantitative survey data and qualitative observations of the coral 

communities at some other Kuwait reefs are available (op. cit., Fadlallah et al., 1993; Hodgson 

and Carpenter, 1995). The combined survey data show that the ~oral 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 I 992 (Fadlallah et al., 

I 993) 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 et 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 ofDowning (1985, 1991) and Downing and Roberts (1992) as 

outlined in the project objectives. However, a number oflogistical 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-
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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 50m 

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 et 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 wbich 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. 

I. 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 dorie 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 of95 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 be!ow. 

At present, the coral reefbenthic 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 offaviid 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 communitie~. 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 de~sities. 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 rec<?nt 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 ofKubbar and Qaru islands 

have patches of moderate coral cover dominated by Porites 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 Benaya, Getty Reef, Qit'at Bnaider, 

Twin reef and Naval Base reef (Fig. I). 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 ofKuwait' 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 communities, 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 K warteng, 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 B 1. 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 3 l.5°C, and salinity ranging 

from 38.6 to 42.4 ppt on Kuwait's coral reefs. Hodgson and Carpenter (199~) 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 

F adlallah, 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 reefflat 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 reefbe 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 under~tand '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 et 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 speciesAcropora c/athrata 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 carefully 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 substantial 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 P/atygyra 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 et al., 1985, and Babcock et 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 Porites 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 11.E). 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 sp_awned gametes and larvae for 

stress and toxicity experiments, as outlined in section 11.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 Porites 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 oflarval 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. c/athrata, Porites compressa, P. /utea 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 microphthalma 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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I. I 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 fertilization rates of Acropora clathrata 

gametes. World ocean salinity averages 35 ppt, whereas salinity in the Arabian Gulf is higher, and 

salinities of38-42 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 (W AF) of 

Kuwait light crude oil on the ability of Acropora arabensis coral larvae to settle and 

metamorphose into juvenile polyps. The oil W AF in seawater was prepared following the 

methods ofHarrison (1994), and a known number oflarvae (approximately 50-60) were added to 

four replicate beakers in five treaments. The treatments were four concentrations of oil W AF and 

the control treatment containing normal seawater. Each beaker contained 400 mis of treatment 

solution and natural reef substratum partly encrusted with coralline algae to 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 W AF 
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 26.4 52.0 54.1 42.2 43.7 12.63 
0.01 ppm oil 34.0 52.6 66.0 31.3 46.0 16.37 
0.1 ppm oil 0.0 10.2 24.5 11.1 11.5 10.05 
0.31 ppm oil 10.7 4.4 0.0 3.0 4.5 4.51 
1.0 ppm oil 0.0 0.0 0.0 0.0 0.0 0.0 

A relatively high mean rate of settlement (43-46%) occurred in the seawater control and 0.01 ppm 

oil W AF 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 W AF. The results 

clearly show that W AF 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 W AF on larval settlement. However, the P/atygyra 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 W AF to brine shrimp nauplius larvae, and on the 

inhibition of hatching of brine shrimp eggs exposed to oil W AF. Initial comparisons of the data 

suggest that coral planula larvae may be more sensitive to oil W AF 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 l:l range oftoxicants. 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 Int~gration 

1. Critical factors limiting coral communities in Kuwait 

1. 1 Natural stressors and limitine 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 recru.itment 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 potentiaily 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 dama2e 

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 (fable 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 susceptible 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 Gulf 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. Hom, 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 spearfishing 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 efiluent from local industries and port activities, 

however, no details about the chemical composition or quantity of efiluents 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 

MFD, the following management issues need to be addressed. 

I. 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, wilJ 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 ReefMarine Park 

Authority in Australia provides a useful model of a single authority managing coral reef 

environments. The recently announced Environmental Protectio~ 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 ReefMarine 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. 



34 

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 di~covery 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 5-minute 

television program on Kuwait TV- I, 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 oflive 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 Hamad from UNDP, and students and staff from 

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

Training of KISR personnel assigned to this project has included: experime.ntal 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 ecotoxicoJogy, and Dr LuJwa Ali from ESD, KISR. The use of sateJJite 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 sc~ba 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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ID. 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 

.MFD, 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 l\1FD, 

KISR. Additional collaborative studies on the effects of oil poll~tants ·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 lNDUSTKlhL DEVf.LOPM.ENT ORGANlZATlOt\ 

POST TITLE: 

DURATION: 

DATE REQUIRED: 

DUTY STATION: 

PURPOSE OF 
THE PROJECT: 

DUTIES: 

JOB OESCHlPTION 

DP/KUW/92/00J/ll-04 

Expert in Marina Ecology 

11.0m/m over 1994 and 19~5 

ASAP 

Kuwait City with travel ... -i thin the country 

The purpose of the project is to assist the Kuwait ·Institute 
of Scientific Research (i\ISR) to set up long term research 
studies in moni taring n;ovement and accumulc;.tion of toxic 
pollutants, their effect upon the environment, and their 
breakdown in the environment (soil, air, water) and carry 
out model systems to elin;inate/minimize the toxic effects to 
humans, animals, crops end 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 f\mctional 
characteristics of Ku'-·ci t::' s coral reefs vi th particular 
reference to natural and c;.nthropogenic stressors. The study 
will be jointly undertc;.ken by the Environmental 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: 

Phase 1: Ecological Aspects 

Re-assemble all of the regional transect date;. c011piled by 
Downing (1985; 1991) ane Downing and Robe~s (1992). Re
survey each of the prE ·existing transect lines initially 
sampled using the ident:..cal techniques. In addition, the 
reefs initially sampled by Downing should also be surveyed 
using a line-intercept method the most widely used 
standard tcclmique al p:-esent. By using both techniques at 
the original reef surve:·ed by Downing, an intercalibration 
of techniques will be pcssible. Once the iotercalibrations 
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have been achic;ved, the 1 ine intercept method should be used 
to survey all 13 coral communities of Kuwait. 

Dtita analysis of this phase should enable the comparison of 
coral species composition and coverage for all reefs and for 
those reefs which were surveyed pre- and post-war. Such 
comparisons ~ill 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 phase. Selected colonies should be marked using 
Alizarin Red staining and re-measured at annular intervals. 
The analysis oi growth rings in coral skeletons may also be 
appropriate. Radioactive carbon incorporation is also 
available as a 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 spa•Tiing period, monthly sa.ples should also be 
collected and analyzed by histological examination and polyp 
dissection for their gonad development stat~. 

Samples of selected species of corals should also be 
collected from 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 an.tlysis. 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 eG.rlier studies, heavy metals concentrations in 
the coral skEleton were used (Dodge and Gilben, 1984; 
Howard and Brown, 1984; Scott, 1990) but recent work on 
tissue analyses suggests that where relatively low trace 
metal levels are anticipated, trace metal concentrations in 
the living tissue are higher and provide more detailed 
information (5cll et al., 1989; Glynr. et al., 1989; Hanna 
and Muir, 199j; HcConchie and Harriott, in press). 

Phase 2: Ecotoxicolo&y of immature and mature corals 

A series of experiments should be set up once reproductive 
material (spe:in, ovQ and fertilized lcrvae) is avcilable to 
determine la:val development and survival at different 
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s:iliuit:ic·~- IC"mpcrc;turcs and light intensities as lrH'll as c; 
r:inec of pollut:rnts (c.e. heavy metals, 1.;atc1·-solublc 
lrydrocarb~ns, elcv~tcd nutrients). 

Tri:ils shr.1ild nlso b<' commenced to maintain mature corals in 
;1qua1· i :1 1111<\C"r .1111ln cut concJi lions for subsequent 
investiga:ions of li~iting factors on growth and survival 
and on t'.lei r C"Cot:oxicological responses to a r;.ngc of 
pollutants. 

Phase 3; Data Analysis and Interpretation 

Data fron 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 predicti ... -e modelling to quantify responses in 
relation to natural and 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 we} 1, tll<' expert • • .-ill be expected to identify equipment 
and traiEinr, 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. 

111c mari~ ccoloeist should have: 

extensive coral reef research experience, preferably within 
an interr~tional context; 

* demonstrable 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 
bioloeiccl baseline data, data collation and analysis; 

* a familiarity with productivity measurements for coral 
systems: 

* an abili:y to work -..-ith a multidisciplinary team (ESD &. 
MFO); 

* the abi~~ty to as~'..st with the collaborative bioassay 
1 a bor a tc:·;-· ; 

* provide ~esearch lec.~ership and training skills; 

* the> abij :ty to work -..-ithoul supervision; 
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in co-ordinating international 

* 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 rel at ion to additional 
ccolor,ical 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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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 KO 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 l_ l 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 Backa:round and Sienincance 

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 little 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 WelJs, 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 r~gional 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 surveys, determine coral spawning patterns, and 
complete Task 2 ecotoxicology experiments on gametes and larvae. Analyse data and 
initiate manuscripts on these studies. 

August - 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 I: Ecoloeical 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 lechnique. 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 et 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). Th~ surveys will then be repeated using the required 
number of transects to provide detailed quantitative baseline data on these reef 
communities. 

The d~ta 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 wil1 be compared with seasonal changes in these parameters. 
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2. Cora] 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 lhe Great Barrier Reef and elsewhere (e.g. 
Harrison et al., 1984; Willis et 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, 
embryogcnic and larval development will be monitored. Larval seltlement 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. 

3. Coral 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 colJected 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 Corals 

This Task of the project consists of a series of related experiments to determine the stress 
eff~ts and tolerance limits of coral gametes, larvae and adult 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 prpcedures 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 rales. 

' 

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 sur,veys, 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 this project, and will be Study Leader for two studies, 
comprising Gametogenic studies of Corals (fask 1), and Coral Growth studies (fask 1). Mr 
Adel Al-Saffar will have 20% involvement with this project and will be Study Leader for 
the Coral Reef Water Quality study (fask 1). Ms Iman Al-Sabah will have a 40% 
involvement with this project and will be mainly involved wjth 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 conj unction 
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 
uf the training in Task l will include: video and transect survey techniques, benthic data 
analysis, MDS programming, coral taxonomy, underwater photography, data logger 
training, coral spawning techniques, coral dissection tfaining, 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 reef 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 excelJent 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. 'fhe budget 
represents the minimum support needed 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 neede.d during the 1995/96 financial year from July to 
December 1995. It Js imperative that the project budget is progresse.d 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. 

Budi?ct Item 1994/95 1995/96 Total 

Salaries 7.200 8.640 15.840 

OperatinJ?: 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 Bud2et 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 reguirments from KISR 
' 

Prof cssional salaries 
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 MFO, KISR personnel= 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 KO; *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. 

MOS 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 
KO. 
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Microscopes: the project requires f ull-timc use of a minimum of two dissecting microscopes 
and one high power compound microscope. I strongly recommend purchasing Olympus 
equipment 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-STU 1 universal stand and SZ-STBl holder 
260KD; *two fibre-optic lights essential for analysing live coral gametes and embryos 700 
KD; *two micrometer eyepieces 30 KO; *13HS High Power microscope and phototube 
l,200KD; *OM can~era adapter lOOKD; 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 ~D; 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: thif'. 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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Figure 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 Ja. Graph of sea temperature during July- September 1995 al the reef flat 
site, Qaru reef, Kuw;iit. 
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Figure 4. Polyps of Acropora clathrata branching L:oral spawning egg am! sperm bundles. 

Figure 5. Polyps of the brain rnral Plarygyra daedalea spawning egg and sperm bum.lies. 
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Figure 6. Photograph of Shaker Alhazeem anJ Auel Alsaffar anJ the Coral Reef fa:ology Jisplay at 
MFD. 
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Table 1: Summary of% cover of benthic cateQories in video transects at Qaru Island, Site 1 i 

Category I Tr 1 I Tr2 Tr 3 Tr4 Tr 5 i Tr6 Tr? I Tr8 I Tr 9 I Tr 10 Mean cover i Std. dev. I 

Live coral I 

I I I I ! I 

Acropora arabensis I 10.5%1 6.7% 11.9% 150% 16 9%1 12.8% 14.4%i 7.5%1 90%1 7.6% 11.2% 0.0354 
Fragmented A.arabensis ' 00%! 0.0% 0.3% 0.0% 00%1 0.0% 0.0%1 0.3%1 0.4%! 0.3% 0.1% 0.0017 

Acropora clathrata 19.7%1 12.0% 16.0% 24.0% 169%1 150% 25.7%! 26.4%1 14.9%i 14.9% 18.5% 0.0511 

Fragmented A.clathrata I 0.0%/ 1.3% 0.6% 1.0% 0.0%1 0.8% 1.3%1 16%/ 3.4%1 1.7% 1.2% 0.0098 

Total Acropora I 301%! 20.0% 28.8% 39.9% 338%1 28.5% 41.4%1 35.8%! 27.6%! 24.5% 31 0% 0.0671 
I i I I I I 

! I 

Porites compressa I 21.3%/ 22.7% 10.2% 13.4% 9.1%/ 10.3% 9.7%/ 22.6%1 20.9%/ 15.7% 15.6% 0.0577 ! 

Porites lutea i 0.0%/ 0.0% 0.3% 0.0% 0.0%1 1.3% 0.0%1 0.0%1 4.5%! 2.6% 0.9% 0.0153 

Total Porites I 21.3%! 22.7% 10.5% 13.4% 9.1%1 11.5% 9.7%1 22.6%: 25.4%! 18.4% 16.5% 0.0626 I 

I I I I I ' I I : 

Platygyra i 0.8%1 1.0% 0.9% 1.3% 0.0%1 0.0% 0.0%' 0.3%' 0.4%! 0.6% 0.5% 0.0046 

Favia i 0.8%1 0.0% 0.0% 0.0% 03%i 0.0% O.O%t 0.3%! 0.0%: 0.0% 0.1% 0.0028 

Massive coral (other) f O.Oo/ol 0.0% 0.0% 0.0% 0.3%! 0.0% 0.0%: 0.6%: O.Oo/oi 0.6% 0.2% 0.0026 

I i I ! ! ' 
Other benthos 

-
' I I 

I ~ 
Diadema urchin 1.7%. 3.3% 0.9% 0.6% 1.4%. 20%1 1.9% 0.3% 1.9% 2.3% 1.6% 0.0088 

~ 

Echinometra urchin 2.9% 1.3% 2.0% 2.2% 3.7%• 4.3% 2.2% 2.2% 1.5% 1.5% 2.4% 0.0097 

Pencil urchin 0.0% 0.0% 0.6% 0.0% 0.0% 0.0%1 0.0% 0.0% 0.0% 0.0% 0.1% 0.0018 

Substratum : I 
Dead A. arabensis 0.0%: 0.0% 1.7% 0.0% 0.0% 0.0%! 0.0% 0.3% 0.7% 0.3% 0.3% 0.0056 

Dead A.clathrata ' 0.0% 0.7% 4.1% 0.3% 0.0% 03%1 1.3% 2.2% 1 1% 0.6% 1.0% 0.0126 

Dead Porites 2.9%1 1.3% 0.0% 7.0% 4.1% 3.8%1 2.2% • 6.9% 5.2% 0.6% 3.4% 0.0247 

Dead coral (other) 20.5% 1 22.7% 32.6% 15.7% 21.3% 26.8% 21.9% 11.0% 18.3% 32.9% 22.4% 0.0692 

l 
Rubble 13.8% 20.3% 13.7% 15.3% 21.3%. 18 5%1 11.9% 14.2% 11.6% 93% 15.0% 0.0391 

Sand 5.0%' 6.7% 4.4% 4.2% 4.7% 4.5%1 7.5% 3.1% 6.3% 8.5% 5.5% 0.0168 

' I 
I 

Total live coral 53.1% 43.7% 40.1% 54.6% 43.6%· 40 0%1 51. 1% 59.7% 53.4% 44 0% 48.3% 0.0688 

Total urchins 4.6% 4.7% 3.5% 2.9% 5.1% 63%i 4.1% 2.5% 3.4% 3.8% 4.1% 0.0111 

Total dead coral 23.4% 24.7% 38.4% 230% 25.3% 30.8%i 25.4% 20.4% 25.4% 34.4% 27.1% 0.0561 

Total other substratum 18.8%• 27.0% 18 0% 19.5% 260% 230%1 19.4% 17.3% 17.9% 17.8% 20.5% 0.0356 
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Table 2: Summary of % cover of benthic categories in video transects at Qaru Island, Site 3 
category I Tr1 Tr2 Tr3 Tr 4 Tr 5 I Tr6 Tr 7 Mean cover Std. Dev. 

Live coral 
Acropora arabensis 28.3 35 40.8 27.1 25.1 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 30.5 47.4 29.7 38 30.5 37.9 8.58 
Fragmented A.clathrata 0.5 0 0 0 0.3 0 0 0.1 0.20 

' 
Porites compressa 8.1 4 12.2 6.1 11.8 14.7 12.2 9.9 3.87 

Porites lutea 0 0 0.5 0 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 0.0 0.11 
Cyphastrea 0 0 0 0 0 0 0 0.0 0.00 

Other benthos 

Diadema urchin 0 0 0 0 0 0 0 0.00 
'-I 

Echinometra urchin 0.2 1 3.2 3.2 5.5 2.1 3.2 2.6 1.73 
Pencil urchin 0 0 0 0 0 0 0 0.0 0.00 
Holothurian I 0.2 0 0 0 0 0.6 0 0.1 0.23 

Substratum I 
Dead A.arabensis 0.5 0 1.1 0.6 1.4 0 1.1 0.7 0.55 
Dead A.clathrata I 0.7 4 3.2 6.5 3.5 0.6 3.2 3.1 2.02 

Dead Porites I 0 0 0 1.3 0.61 1.2 0 0.4 0.59 

Dead coral (other) ! 0 0 0.3 1.9 0.9 1.5 0.3 0.7 0.75 
- ·-- ---- -------

Rubble ! 1.7 1 5.3 3.9 15.3 3.3 5.3 5.1 4.78 
Sand i 8.4 17 2.7 1.6 6.1 3 2.7 5.9 5.43 

I 
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Table 3: Summary of% cover of benthic categories in video transects at Qaru Island, Site 4 
Category I Tr1 Tr2 Tr3 Tr4 Tr 5 Tr6 Tr 7 Mean cover Std. dev. 

Live coral I 
Acropora arabensis ! 21.1 14 17.8 22 14.4 8.7 20.5 16.9 4.82 
Fragmented A.arabensis 
Acropora clathrata I 48.2 54.2 50.5 29.1 31.2 35.7/ 23.7 38.9 38.94 I 

Fragmented A.clathrata I 0.7 0 0 0.4 0.3 0 0 0.2 0.20 I 

I 
Porites compressa 7.6 9.5 5.4 11.2 13.9 15.51 11.1 10.6 10.60 
Porites lutea i 0 0 2 0 0.8 0 0.3 0.4 0.44 

Platygyra I 0 0.8 0 0.4 0 0.7i 0.6 0.4 0.36 I 

Favia I 0 0 0 0.4 0.5 0.4 0 0.2 0.19 
Cyphastrsa 0.3 0 0 0 0 0 0 0.0 0.04 

I 
Other bentho§ I 
Diadema urchin 
Echinometra urchin I 1 1.1 3.4 3.4 3.9 4 4.1 3.0 2.99 
Pencil urchin i 

Substratum 
Dead A.arabensis 1.3 0.4 0.3 4.1 0.5 0.4 2.9 1.4 1.41 
Dead A.clathrata 6.9 5.3 6.7 14.2 14.2 6.1 12.6 9.4 9.43 
Dead Porites 4 2.3 4.7 1.9 3.6 6.9 7.3 4.4 4.39 
Dead coral (other) 0.7 0 2 2.6 5.5 2.9 2.9 2.4 2.37 

Rubble 4 3.4 3.4 2.6 4.7 7.9 5.3 4.5 4.47 
Sand 4.3 3.8 3.7 7.8 6.3 10.8 8.8 6.5 6.50 

--
'-I 
t..J 
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Table 4: Summary of % cover of benthic cate~ •ories in video transects at Qaru Island, Site 5 
Category I Tr1 Tr2 Tr 3 Tr4 Tr5 Tr6 I Tr7 Mean cover Std. dev. 

Live coral I 
I 

Acropora arabensis Q Q Q Q Q Q.6; Q.6 Q.2 Q.29 
Fragmented A.arabensis Q Q Q Q Q QI Q Q.Q Q.QQ 
Acropora clathrata Q Q Q 1.8 3.2 1.61 Q.8 1.1 1.21 
Fragmented A.clathrata I Q Q Q Q Q Qi Q Q.Q Q.QQ 

I 
Porites compressa I 35.4 29.3 26.1 35.9 35.1 43.2 1 46.5 35.9 7.14 
Porites /utea I Q Q Q Q Q Q, Q Q.Q Q.QQ 

Platygyra Q Q Q.8 Q Q Q[ Q Q.1 Q.3Q 
Leptastrea Q Q Q Q QI 1.3: Q Q.2 Q.49 
Cyphastrea Q.3 Q Q Q Q Q.6i Q Q.1 Q.24 

I 
other benthos 

Oiadema urchin Q Q Q Q Q' QI Q Q.Q Q.QQ 
Echinometra urchin 11.7 16.5 17.6 1Q.4 8.1 8.2[ 10.6 11.9 3.78 
Pencil urchin I Q Q Q Q Q Q[ Q Q.Q Q.QQ 

I 
Substratum I 
Dead A.arabensis Q Q Q Q Q Q Q.3 Q.Q Q.11 
Dead A.clathrata Q Q Q Q Q Q Q.3 Q.Q Q.11 
Dead Porites 2Q.5 33.3 27.9 42.7 33.4 2Q.2. 21.6 28.5 8.46 
Dead coral (other) 19.3 5.2 18.2 5.3 11.4 18.6 9.2 12.5 6.23 

Rubble 5.1 3.7 6.3 2.1 1.9 Q.9 4.5 3.5 1.95 
Sand 8 12.1 2.9 1.8 6.8 4.7 5.6 6.Q 3.44 

I 

I 

I 

I 

i 

j 
I 

I 

I 

I 

I 

-

--1 . .,,., 
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Table 5: Summary of% cover of benthic categories in video transects at Umm Al Maradem, Site 1 
Cateaorv I Tr1 Tr2 Mean cover Std. de-1. i ! 
Live coral I i 
Acropora srabensis I 0 0 0.0 0.00 i 
Fragmented A.arabensis I 0 0 0.0 0.00 ! 
Acropora c/athrata I 0 0 0.0 0.00 I 
Fragmented A.clathrata 0 0 0.0 0.00 i 

I I 
Porites compressa 51 55.2 53.1 2.97 I 
Porites lutea I 0 0 0.0 '0.00 ! 

I 
P!atygyra 0.3 0 0.2 0.21 I 

I 

Leptastrea I 1.1 0.8 1.0 0.21 i 
Cvphastrea I 1.4 0 0.7 0.99 I 

Massive coral I 0 0.8 0.4 0.57 I 

Other bentnos I I I 
[);adema urchin I 0 0 0.0 0.00 
Echinometra urchin I 9.9 9.3 9.6 0.42 I 
Pencil urchin 0 0 0.0 0.00 I 

I 
Substratum I 
Dead Aarabensis 0 0 0.0 0.00 
Dead A.clathrata 0 0 0.0 0.00 I 
Dead Pontes 2.7 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 

I I 

I 

I 

I 

I 
I 

i 

I 
I 

I 

I 
I 
I 

l 

I 

I 
I 

-...! 
+.. 
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Table 6: Summarv of% cover of benthic categories in video transects at Umm Al Maradem, Site 2 
Cateaorv i Tr 1 Tr2 Mean cover Std. dev. I I I ! I 
Live coral I I 
Acropora arabensis 0.6 0 0.3 0.42 : I 

I 
Fragmented A.arabensis 0 0 0.0 0.00 I I I I 

Acropora clathrata I 0.6 0 0.3 0.42 I I 

Fragmented A.clathrata 0 0 0.0 0.00 ! 
I 

Porites compressa 30.3 25.6 28.0 3.32 I 
Porites lutea 0 0 0.0 0.00 I I 

I· 
Platygyra 0 0 0.0 0.00 l I 

Leptastrea 0 1.9 1.0 1.34 I 
Cvphastrea 0 0 0.0 0.00 I I 

I I I 
other benthos I I 
Diadema urchin 0 0 0.0 0.00 I I 
Echinometra urchin 24.3 16.8 20.6 5.30 I 
Pencil urchin 0 0 0.0 0.00 -...J 

'.J• 

I I 
Substratum 
Dead A.arabensis 0 0 0.0 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) 24.3 36.2 30.3 8.41 

Rubble 3.7 4.9 4.3 0.85 
Sand 5.7 8.1 6.9 1.70 

I 
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Table 7: Summary of% cover of benthic categories in video transects at Kubbar, Site 3 
Category Tr 1 Tr 2 Mean cover Std. dev. 

Live coral 
Acropora arabensis 1.6 0.4 1.0 0.85 
Fragmented A.arabensis 0 0 0.0 0.00 
Acropora c/athrata 0 0 0.0 0.00 
Fragmented A.c/athrata 0 0 0.0 0.00 

Porites compressa 56.6 54 55.3 1.84 
Porites lutea 

Platygyra 0.4 0.4 0.4 0.00 
Leptastrea 0 0.7 0.4 0.49 
Cyphastrea I 1.2 0 0.6 0.85 

I 
other benthos 
Diadems urchin 0 0.4 0.2 0.28 
Echinometra urchin 7.4 9.9 8.7 1.77 
Pencil urchin 0 0 0.0 0.00 
Zoanthid I 01 0.7 0.4 0.49 I I 

-....J 
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Table 8: Summary of % cover of benthic categories in video transects at Kubbar, Site 4 
Category I Tr 1 Tr 2 Mean cover Std. dev. 

Live coral I I 
Acropora arabensis I 0 0 0.0 0.00 
Fragmented A.arabensis 0 0 0.0 0.00 
Acropora c/athrata 0 0 0.0 0.00 
Fragmented A.cfathrata 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 I 0.3 0 0.2 0.21 I I 
Other benthos 

Diadema urchin 0 0 0.0 0.00 
Echinometra urchin 14.9 13.2 14.1 1.20 
Pencil urchin 0 0 0.0 0.00 I 
Zoanthid I 0.71 0.3 0.5 0.28 I I I 
Substratum I I 
Dead A. arabensis I 0 0 0.0 0.00 I 

Dead A. clathrata I 0 0 0.0 0.00 I 
Dead Porites 23.4 12.6 18.0 7.64 I I 
Dead coral (other) I 36.9 37.5 37.2 0.42 i 

I 
Rubble 0.7 3.4 2.1 1.91 ·I 
Sand 18.6 16.2 17.4 1.70 

I ! 
I 

I I I 
I I 

i I 
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Annex 4: Publications from this project 

CAMPUS RESEARCH 
~..,d• ~ l- s..-p+iz::\bV 6 I \q't5 

Kuwait coral relief expl,ained 
By SUSANNAll SMIUI 

'1'111~1< I'.' S 111\thl11)l 11uill" 11._r nn l"l't'l\'Ulll'\ll1lphC' 

111 J,!rt the mci.J1a hc.111ring wilh cxcitcmcn1. In 
f:u:t, the bicgcr 1he bcucr. 

The Amoco C:u.h7. oil disaslcr orr the C0.1Sl 
of l'r.incr in I 97A AllraclctJ ii:\ Jh:irc nf fllllliic 
t"Otwrm hnd,; In ll'C" tiny• nr tW.1•\l'lfninJt rnvl· 
1otu1H•111"l 11w111\0 Ut"!'"• "" ,11i1lh••111niu1lvr: l~~on 
Vullkot '.\plll In Aln~n In llJMlJ, 

llut the tlc•lru~·1ion WR":tkt'll by rc1rcu1intt 
Iraqi fon:cs in Kuw-o1i1 in February 19',! I wa.• lh! 
rrll!...'ilU•~lrOflhl" lhnt rr11lly whirtlC'\l thr intrma· 
ll'"1nl llk"tllu Into n IH'll/)' uf "l""l'Ulutloo. 

A,hnlllrtlly, then• wM ll•'ll ... I rt:i~in. 
"Ille tkstruction of more than 730 Ku wail oil 

wells by 1he retrcaling Iraqi ron:es resulted in :m 
csti1n:11W 10.8 million barrels of oil bc-inp: 
rC'ln~I inlo lhc coo\tal WRti:n of lhc Arabian 
Gulrbc1wt"Cn Jonuary •ml June 1991. 

It will b)' far 1hc world's larges! oil <lisaster. 
made wane by lM rac1 lhal ii woukJ take an csti· 
mated three and a h:Jlr years ror the small semi· 
cnclnsC'\.I walerway 10 chum its waler b<Kk oul 
10 lhc Indian Ocean. 

Lon~·tcrm c.li~strous affect.~ to the Sau<li 
Arabian environment, including loss o( wih.llifc 
111nd the likely damaf!e 10 Kuwail's rare cornl 
reefs, "''"" prcdicled by I colourful variety or 
environmental er.pen\. 

The world w:is stunned. 
Bui in a surprise cndinl' 10 lhc story, one or 

1he nl:itor concerns of the cala.~trophe - 1hc 
crrcct on Kuwail's roral reds - has cndet.I up n 
f.r cry from the dire state 1h1t most mcc.lia had 
forttrist. 

llu1 the 111.Uia hos rorgoucn lo lei lhc WO<kl 
knO\Y. 

lhc mc:Jio's failure 10 ICpOf1 wh•I should 
have bttn one or lhc world's most important 
follow-up s1ories is 1 topic 1ha1 evokes rare 
anacr from workJ leMlin1 coral expen. Dr Peter 
llllrrlson. 

"llic really remarkable thins is that. hosed on 
anecdolal evidence, most or the reefs look like 
lhcy survived !he spill vinually unscathed - the 
rt•ncalR11Jo11he thnt rvrryonc WD..1 1lre1ullng 
f1ih.-1l 111 cvcnluntc," I lunii.tNI :ualc.J. 

"Bui whal is also in1cresting Is the Llifficul
ly that science stories have geuing in10 lhc 
mctlia unless 1hey are or the 'ti.d news' variccy. 

"When the spill was beina llcscribc<l u an 
CCOCalaslrophc ii was given wlLlcsprcad pub· 
!icily, but lhe roct lhal ii hasn'I been lhe disH· 
ter everyone thought ii woukJ be hasn't been 
publicised." 

A lecturrr 11 lhe ccnlre for coastal manage· 
mcnl in the: faculty of resourre science and man· 
1gcment 11 cou11l-bascd Southern Cross 
Univcnily in Lismore, NSW. tlarrison Is cur· 
renlly hair-way lhrough a 12-month Unilcd 
Na1ions contnacl In Kuwai1 to examine 1hc aner
math or damage 10 lhe country's conl reds. 

llarrison is widely known for his role in lhe 
lcam of scienllsts who Lli!lrovcred the spcc:llC'· 
ular mass coral spawning on the Great Harrier 
Reef - a discovery 1ha1wonthe1eam 1he Eureka 
Science !'rile In 1992. 

Ills research hos hecn crucial lo establl•hlnJ 
why Kuwnit's rttfs have sus11ined such a mam· 
moth ccolo(:ical disaslcr. AncJ closer 10 home, 
many of his findings also promise valuable 
application for Australia's reefs. 

The rlnh;al si~nificunl·c ur Kuwail's I'.'\ !'Uh· 
tn~inl platftlfTll reefs i~ thnl thcnn:1i<.·11lly, lh<·y 
1hrn1hl 11114 tll\l. . 

1..oc:alrd 11 lonJt wny horn the tropln1I rnvl· 
mnment In whkh rnost coral rccrs - such as 
Aus1ralia's Grear Barrier Recr - arc 1ypic1Jly 
found, the reefs have somehow m;anai!C"d lo sur· 
liive C'lllrClnely tnw 11.~lllltl'r;iturc~ n( llnwn IO I'.\ 
'k·~rC\.•,. l 'cls1u' durh1i:, wmlL'r llKNllh~. 

Uy comr:uison, lhc minimum ICnlf'C'r.lturc 
wii.Jcly COO)i<lcrcJ tub! the limit for Cori.II red 
dcvelormrnr is IK dc~rt"Cs C.chiu~. 

l.:.xh1irtJ! in an cx1rl!111c cnviro1111w:n1, 1hcy arc 
lhe coklciiil rcrontcd or any ooivcly ~rowm~ 
rt."Cf )Y'-IClll in lhe Wtlf'ld. 

1 liJ!h salinicy provides ndc.li1iorul slrc\lli lo 1hc 
reef!.. While world avcraec occ;m wa1rr has a 
salinity or 35 pans per IOOo, 1he salinity in the 
,u1r ri!<t• •• hifh os 42 pons per 1000. 

"Nonnall)'. this would pul a lot of ~trrss on 
rccr or~:misnu, bul Kuw;:tt1's reds have su~
rained 1hc high salinily levels," Harrison said. 

Wi1h only around 30 species of coral. com· 
pa~ with around 360 on 1hc Grcal IJamcr Red 
and !i~ worldwide, Kuw:lll's ~f!i. are no! vi~u· 
Olll)' )J"l«l:ICUl:Jf', 

ll1111lk6y ,·cn:1inly hnld:. nnlqut• plnrr i111lw 
~loh;al l'11v111111mc:n1, u111.J urc p;1111t·11Ji1rly v11h1· 
ahlr lo Kuwail's har~l'ly woir·lmn ;mcl rJv;iJ.!Ctl 
Cll\'irt>nllll"lll 

In a country where 1hc !;ind rnalli\ mo~ily 

Ute one< the AKt>lon GlA! o1 sp11 .•. Dr Pete< Horrlson b<eaks clown the mylh o1 aestnJc
llon lhol surr<><.nds Kuwoll'1 rare CO<al reel system. 

l'DtupriSC"s avrr11ra1ed dcW'n and a spmwllnR 
111r1ropolls or weallh. the! rt'd !)'slrms arc 1hc 
only pan or the Kuwai1 environmcn1 that ls 1en 
in 1ny natural fonn. 

Harrison's research has been crucial to help
ing scientists understand why, against all odds. 
the reefs have m1n1gcd lo survive. 

"I guess it's been a surprise 10 juSI aboul 
everybody who's been involved wilh lhcsc stud· 
ics that 1hcy have survived," Hanison said. 

Normally when coral c:omcs into conlact 
wllh oil lhere arc 1 ranli?e or stress responses. 
broughl on by 1he rac1 th•• oil conlains a num· 
bcr or highly vola1ile compoundJ lhal are dirccl· 
ly loxlc 10 conl 1lssue. 

lrlhe oil ls 1hln, lhe coral may be able 10 pn>
ICCI itself by producing a mucus sheath un1il the 
oil Is carried 1w1y. But if the oil is !hick, lhc 
conl 1nay be killed on impacl. 

Thick oil also blocks oul sunllghl, which ls 
crucial ror pholosynthe<is, and smOlhcn 1he 
coral hy no! alluwlng es.cntlal o•ygcn below 
the waler surf nee. 

Fonun111ely, the oll rele•"'d by.lhe retreating 
Iraqi forces was an ex<rcn>ely lighl crude oil by 
world standnrds, which mc1n1 much or II evap
onucc.I orr the Wiier. In lhc hot descn environ· 
ment and hcncalh high li~ht ilucnsily, many or 
the hy<lroc:1uhon c1wnprnmds round In oil evar· 
PflllC' Ycry 11ukkly. 

Srcontlly, ll">SI or lllf' oil lrm~LI In now 
nlnntt the coustllnc, byp:u~ing some or Kuwal1's 
mos1 pris1ine coral reefs. 

Thinlly, and mO!I in1rrcs1ingly, ii nppenn 
thul lhc ,·oral !if"'Cl'i<"s 1h111 mn~c ur Kuwnh's 
rt'\'ls 11111y have 1 nutun1l 1olcru11cc tn ull. 'l11ls 
is n:Occ1cd hy the f1":t 1h:i1 MHne of lhL· prclti· 
est reefs arc loi..111cd adj:iccnl 10 nu1ural oil seeps. 

"All o( lhesc foru~ romhincd hnve cnn· 
founded cvcryonc"s in1crprct.a1ions, and proba· 
hly "ilvetl 1hc <"nvironmL·nt. 111crc's no other 
i;r..pl:u1:HiPn," I lnniwn s;ii,I. 

WhiJe 1herc has been ~Mnc siJ?nllicanl cornl 
t.lcalh in lwo or the reels, I l:trrison has now 
a1trihu1cd this 10 a winier chilline arr eel in 1992 
when the temperature dropped 1o_iust 12 de~m:s 
Celsius. 

"11 :ippcars I hat naturnl s1rcss dici more dam· 
a,:e than the enrire oil spill," Harrison said. 

Oneel!.pcrir.ienl involvinf! oil and larvae ha.~ 
Jed H:arrison 10 lhe conclusion thal had the oil 
~pills Oeva.;1n1cd 1hr cor.11 reds, ii would h:we 
lah·n I hem n~111uric.;, ii L'vcr, 10 n·covcr. 

"I lo11L1•1I ;ti lhl" dft'l'ls 111" oil 1w1ll111u1111111 thr 
11hilhy nf l;uvnc hi ~Ilk uml what 'I'\' lnuncl WQ.llii 
lht•n C'Yt'll very low l·011L·c111r:ition of nil hytlm· 
c11h1111.1, in lht." w;11cr inhihih:tl c.:tirJI loirv;1c lnm1 
M .. ·uling." he SJitl. 

lltl• ln~lc11es 1ho11he chronic natural levels 
or on lhlt have an on9nln1 exlsltncc In' the 
waler are probably lnhlbiling lhe na1ur11l sc11lc· 
mcnl or conal larvoe most years. II is 1hcrefon: 
only under exceptional circumstances when the 
oil is fon:cd 1way by oc:nn cunrcnlS 0< windJ, 
lhal lhe larvae are able 10 scnle. 

'"Thal makes the exls1ing cor11l reds even 
more rare,•• he said. 

As pan of Harrison's contract wilh the 
United Narions, he has echoed his success in 
Aus1nlia In tteordin1 conl spawning in 
Kuwai1 Cor1he firs1 lime- an event lhll lllrKl· 
cd intense attention rrom 1he Kuwah media. 

Harrison's work with spawning led him 10 
some fcnilisalion experiments looking al 1he 
affecls or 11linily, which provided some inltr· 
esling answcn to why coral in Austnlla docs 
not successfully spawn durin& periods of high 
111inra11. 

"Whot 1 round was lhal lhe high salinity that 
occurs around the Kuwait rcers docs not lnhil>-
11 fcnill111inn, bul low salinity does block rer· 
1111 .. uion. Now, 1ha1'1 no1 going 10 be a 
problem In lhe gulf where salinity levels are 
high, but II docs explain lhe fac11hal in lhe very 
firsl year that we looked 11 spawning on lhc 
Grca1 Barrier Reef we round 1ha1 every1hing 
WM klnrc.1 hy an un~Hcmably eorly downpour, 
an<l lhe entire rccf'.1 outpul ror 1hat year was 
wiped out," I larrt.011 uld. 

I le hu also able 1oconnrm jus1 how tighlly 
cued coral spawning is to a combin11ion of 
water temperature, moonli1:h1 and time or1cr 
durk. 

In Au\lralln, coral ~pawning occun four to 
rive ni~hu uhcr full moons in Oc1ober, 
Novcmbc-r ant.I December. TI'IC cquivalcn1 lime 
in Kuw11i1 i~ May and June. 

"One or the species in Kuwait spawned on 
cr.at·ity lhe s:1mc ni~ht ahcr the full moon, ot 
exactly lhc s:amc lirne allcr sunset, as you 
would prcdicl ii lrom the Grcal Uorricr Reef. 
but jus1 six monrhs out of phase."' Hamson 
said. 

.., remember just looking 11 my wo1ch anti 
1hinking how amazing ii wa.~ 10 be on the oth=r 
side or the world and these corals were doing 
exactly the same things in the same lunar phas.: 
a~ Aus1ralian corals." 

Harrison·s con1rac1 is jointly funded by lhc 
llnired N;1tional lk\·clop111c111 Prui:r:11n anti lhl." 
Uni1rll N11ti1111s lnilm1ri:1I D('vclopmC'nl 
Oq~a11i.;;i\i1'11, in L·ouj11m:t1011 wi1h 1hc t\uw1&it 
lm1i1u1c ofSi.:icn1if1c Hcscard1, DI a io111I villuc 
of .SA 160,IUO. 

1 bnison will return tu Sou1hcm Cross 
llni\'cr~11y m fom1:1ry 1996. 
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Kuwait coral study 

0 
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 team of three young scientists arc 
helping the Kuwait Institute for Scientific 
Research (KISR) develop a strong program 
for the corn!. 
The $300.IXKl project being undenakcn is the 
'Ecology of Kuwait's coral reefs'. ho\v the 
rnral have fared following the oil spill in the 
1990-91 GulfWnr. 
Peter snid scientists involved in the studies 
were SUf11rised that although the oil spill was 
massive. the corn! seem to have survived 
'vi1tually unscmhed'. 
'"There seems to have been very little stress 
because remarkably a number of things 
hnppcned," he said. 
"The oil nowed more along the coast rather 
tlwn funhcr out where the coral is. more 
towards Saudi Arabia. and its reefs mainly 
survived too. 
"Oil is directly toxic to the coral and the Jack 
of light and oxygen smothers the coral. 
"But the crude oil left by the retreating Iraqi 
ferces is a very light oil and the high light 
intensity helped to break down the damaging 
effects on the coral. 
"The ecocatastrophc that everyone was 
expecting didn't happen." 
Another scientifically interesting aspect is 
tlrnt Kuwait's cor:il n:cfs should not cxist. 
"Thcy'rc sut>L·opical reefs and I!! degrees 
Celsius is the lowest temperature where coral 
red' growth can bc expected." he said. 
"The temperature drops to 13 degrees Cl!lsius' 
111 the winter . 
.. But the corals arc 400 to 500 years old and 
some arc massive. as big as a room. 
"TI1cre are about 30 species on 13 reefs and 
livi: of the reefs are reasonably imponant. 
'They're not visually spectacular but the 
reefs off-shore arc very pretty." 
l'cti:r said that damage to the coral was more 
likely to have been the result of the chilling 
c·ffrcts of winter than the oil spill and some 
'itcs had significant anchor damage and coral 
hreakngc. 
Peter was a member of the team of scientists 
which discovered the mass coral spawning 
nn Australia's Great Barrier Reef. which won 
it thi: Eureka Scicm:e Prize in 199:!. 
He and his team in Kuwaic arc th.: lirst to 
ha\'c rccordi:d coral spawning in that country. 
"'The synchronous mass coral spawning is on 
1h.: same night after full moon and at the 
'~1111<.: time after dark as in Australia. hut si~ 
llll>nths earlier or later:· he said. 
·This led us to a f.:nilisa1ion study and we 
fnund that lhe high salinity ocean wati:r docs 
11nt inhibit lc11ilisation hut low salinity 
wuuld. and even Ycry low amounts of oil 

., . 
hu1lt·up coastal strip and the ri:st dcscn. 

"Oil leaks naturally on to 
the coral reefs - there are 
huge wafts of oil - but you 
still get preny reefs 
developed adjacent to it," 
Peter said. 
"We have been able to set 
up a comparative base 
using an underwater 
camera. video recordings 
and photos to quantify any 
damage to the coral." 
Thi: pmjei:t is funded by the 
UN Development Program 
and KISR. 
Peter said ii look two 1<1 

thrc·e months to establish 
i:4uip111e111 for a new 
lahoratory at the ti.:ginning 
of thi: yi:ar. 
Oni: scientist working with 
him. Mr Shaker Alhazecm. 
is coming to the University 
next yi:ar to do a Masters 
d<.:!!r<.:i:. 
Peter has another month in 
Kuwait and returns to the 
University in January. 

~Qr Peter Harrison with afeatrur :story in a Kuwait publicatio11 
t1bo111 his work 011 Kuwait's com/ reefs. 

Korean researcher 

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

'Asian Perspecli\·es on Mathematics 
Education' project. 
He is from Korea National University of 
Education in Jo Chi Won. Chungbuk 
Province. and is und.:nak.ing data collection 
and analysis for research projects in 
comparativi: curriculum. teaching styles and 
cognitive construction. under the direction of 

1 the Faculty's Dr Garry Bell. 
He is :1lso continuing the work begun by Mr 
Seo. Dong-Yop. of Seoul National 
Uni\'ersitv. who was a researcher with the 
Faculty l~st year. 
The 'Asian Perspectives on Mathematics 
Educ·ation' project has been opcrati\'c since 
199:? and has anracted more than$ I 00.000 in 
funding from various sources. 
Two hooks and a scrics of teaching materials 
ha\'e hi:i:n produced ;is a result of the project, 
in Korc~111. Chinese. Japanese. Indonesian. 
TI1ai and Vietnamese. in addition to 

1 •• •.: ; .. 1t·1·l· '1·_··· 

from Japan. Korea and Indonesia. and has 
provided an editorial centre for the annual 
publication Review of Me1the11wtics 
£d11catio11 in Asia a11d the Pacific. 

Christiana Kim n>centlv 11101·ed to tire e1rea 
fmm illc/101L At St Ccmlrage's Sdwol. she is 
11ictured with Mr K1rcm. telling the cla.H tlu• 
.1tory of tire tmditicmal hc1ir ribbon w/1ich 
1'"'."?"'r ""'~ ,../'•f..,. v,.. .... ..,., .. ,.,:, ... ,../ •/-rrr 

"' 
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. PROJECTS . . 
.. '•, 

OIL LAKES .UPDATE:" 
. _,., .. 

, '. ; ~ : ... • : I 

On June 6, a delegation rep- . midzu ·Engineering , Com
resenting both KISR and the pany in Japan. . . . · . : 
Arab Oil Company visited . Other studies were also car-
the site of the project on the ried out on· the degree of oit' 
rehabilitation of oil lakes pollution seepage to the var-
The project is being carried ious lower soil layers. More 
out jointly by KISR and the ' than 7000 ml of ·polluted 
Japanese Energy Center. soil was· removed to 'bio-
The oil lakes were formed treatment methods. ' de-
as a result of the setting · veloped by 'KISR scientists· 
afire of Kuwaiti oil wells using·£ bacteria' capable :·:of 
by Iraqi troops as "they_ degrading.oH.i.Tuese:meth-:. 
pulled out of Kuwait. The ods will. be· extensively ,as-'' 
lakes are a major threat. to·, sessed ·in' cooperation:· with'' 
the environment because of• the .,;, 'Japanese···':' Obayashi . 
. the toxic components of the Company. · · ·· · · 11 ; · · 1. 

oil as well as the possibility The duration of this project 
of the existence of mines is three years,· and it is the 
and explosives in them. largest environmental·· pro-
The project, which was a ject being conducted in the 
formally agreed upon last Middle East in cooperation 
year, is aimed at applying with the Japanese Energy 
different technologies to Center. The importance of 
treat the severely polluted· this project lies in its execu-
oil lake bottoms. tion under the very harsh 
The visit coincided with the desert conditions. The re-
completion of the first year, . suits of the project will be 
of the project in which one . presented. to the concerned 
hectare of oil lake bottom authorities as environmental . 
was treated in cooperation · · plans and recommendations.' 
with KOC, which allocated: ·The delegation met with the· 
the one hectare from oil ·' · ,work team and viewed' the 
lake no. 102 in the Burgan·'•· .ongoing ·work. They i'also'. 
oil field. The site was also ' · witnessCd' the work · ac- . 
cleared of mines in coop- · complished in the first stage' 
eration with the Ministry of of the project and. were giv- ' 
Defense. More than 3000 : en an explanation ·of the 
ml of oil sludge was re- ... work to be.done in the next. 
moved for treatment; the oil ;,, · stage. At the end of the vis-'. 
was extracted by thermaV· .. it, the :delegation;1~pressed 1 

chemical methods : · de- · · their·· satisfaction:· with the· 
veloped by KISR scientists : · .work 'and .. wis~ed ·.the· team .· 
in cooperation with the Shi- success in -the next stage of 

'.· .. · 
'. 

y·" .. ' ...... 

. REPRODUCTION OF CORALS 
) +:·;r.,n 

BranchlD1conl1paWDID1eaaod1perm bundleL Pbolll b7 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 
tile 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 hi
dustrial Development Or
ganization, and Mr. Shaker 

· Alhazeem and Mr. Adel Al
Saffar from KISR. · 

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 then 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
amocp,hose 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 
After weeks of intensive re- of coral reproduction in Ku
search, many colonies 'of wait, and show that despite 
, two:' species of branching the extreme environmental 
corals collected from Qaru · · conditions in the northern 
Island ·:' ; were ~ ... :observed · Arabian Gulf, the coral 
spawning at night around communities in Kuwait are 
the: fu11 ··moon period in · healthy and capable of suc-
May 1995, and brain coral cessful reproduction. 

·"'. 
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qualified. \\'omen, especially young girls, suffered 

from contamination and complications \Vhen 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." 

~'7·~·:. 
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En\'ironmentJI 

Support to Kuwait 

To >:rengrhc :'.le 

CJrJ.:ltY 0[ '.~~ 

£:1·.-:ronme::: 

ro monitor and 
assess rhe effects 

and mo,·ements 

Institure of 

S.:ienrifi.: Research D:" o>ion oi :~.~ 

i..:CJ"'·ait Imr::-~re oi 

S.::e:irific Re;.~ar.:h 

ot toxic ~hemical 

pollutants :esulring 

from rhe Guli War. 

Shaker Al-H.r::~m:. ,:J.,gi1t. K:mait 

" •.• CORA.LS A.RE STILL 

SUCCESSFL1 LLY REPRODUCI?:\G .•• " 

' ' - n spite of extreme climate and marine 

oil pollution, Kuwait is blessed ,,·irh 

important and beautiful coral reef 

ecosystems. These reefs have been 

formed o\·er many thousands of years 

from the growth of coral colonies - dynamic eco

systems delicately balanced between natural forces 

that encourage grO\nh and environmental distur

bances that lead to coral dearh and reef erosion . 

In 199 3, the Kuwait Insriture for Scientific Research 

and UNDP began to srudy 1'uwait's coral reefs 

and the effects of narural 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 thar a coral reef ecological study be 

jointly undertaken to investigate the structural and 
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functional characteristics of Kuwait's coral reefs. 

A consultant conducted underwater Yideo surveys 

of the major reef sires 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 coyer. However, we saw 

e\·idence of significant coral damage and death 

caused by people dropping anchors onto living coral 

colonies. Some sites were lirrered 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 acti,·ities cause to reef 

em·ironments. We Yowed to continue our efforts to 

inform people about the importance of these reefs 

for the sul"\'ival of fish and shrimp resources. 

After weeks of intense research, we made our first 

discovery of coral reef spa,,·ning in Kuwait. Two 

species collected from Qaru Island spawned in 

aquaria, prm·iding the first eYidence that corals are 

still successfully reproducing on Kuwait's reefs. 

~:~~r 

This was a significant breakthrough. 

We hope that, by the end of this project, we will be 

able to de,·elop 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 

0 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 

project sponsored by the United Nations and undertaken 
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 
caused the largest oil spill in history oil and other fonns 
of man-made pollution. 

In addition to the oil spill, the water temperature in 
the Gulf Region was lowered by 4 degrees as black 
smoke from burning oil wells blotted out the sun's rays 
to more than 50 percent of the northern Arabian Sea. ~ 
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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. 

Theoretically. and in fact. Kuwait's five reefs At 
Kubbar. Qaru. Urnm Al-Maradcm, Qit'at Uraifjan and 
Mudayrah should not exist. They do however, even ex
posed to winter sea temperatures occasionally falling lo 
13 degrees. when mos! of the world's coral reefs cannol 
survive below 18 degrees. 

Addirionally, !he coral reefs support habitats for 
hundreds of species of marine life. including L'Olll

mcrcially viable species of fish. When the coral dies, 
the fish which are sustained by the living reefs move to 
more fcrlile feeding and breeding grounds. 

IJespile the reefs' significance 10 the 111:irinc environ

ment and ecosystems, surprisingly little detailed sci-

< 

\ 
Mr. Shaker Al-llazeem 

"((Jtieru.H' has) 

<list11rbl1d tile 

ba/a11cc1 belwl'l'll 

the reef\·' ability 

to sustain il.\'l'~f 
lllllf f'l'Of'/l' 's 

pa.,·times" 

cnti fie srudy has been undcrrakcn on Kuwair's coral 
reefs. 

The threat of am ecological catastrophe in the Ara
bian Gulf after lhc liberation of Kuwait in 1991 helped 
focus international attenrion on the fare of Kuwait's co
ral reefs. 

Qaru, for example, was heavily damaged during an 
exchange of heavy weapons fire as !he allied navies and 
air forces expelled Iraqi ocrnpicrs hy force. 

Adel /\1-Sallar, Shaker /\l-11:11.eern and Ms. l111an 

Al-Sabah arc research associates at KISR and have 
shared !heir scicnrific research responsibilities with Pro
ject Leader Dr. Peter Harrison, recognized as one of 

loremost world authorities on coral habitat and spawn
mg. 

Their aim is lo invcsrigale the ecology of rhe Ku
wait's coral reef syslem wilh a particular focus on !he ef
fects of both natural and man-made slress on !he coral 
comm uni I ics. 

One of the outcomes of the srudy, developed by the 
Uniled Narions Development Programme and 1hc Unil
ed N:r1io11s lnduslri;il Developmenl Organization. and 
implemented by KISR. will he lo find solulions to lhc 
procrvalion of rite delicale ecosyo.,lc111s belo1e 111an and 

lime deslmy tlie rech. 

One of the reefs supporls lhe last breeding ground in 

rhc region for the green sea turllc. 
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lury or 11Hnc of coral growth. While lhi; coral sur
rounding the r1.:ds in Kuwait arc fairly hardy. compared 
lu olhcr wmld reds, they grow al a ralc of about onc
half centimeter per year. In comparison, hardier va
rieties of coral in olhcr parts of lhc 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 lo 
the Kuwait Government to try and overcome the proh
lcms. 

For example. there arc no protected wildlife sanc
tuaries for endangered 111a1 inc species in Kuwait's coast
al waters. especially for sea turtles and resident and mi
gratory birds. 

,, l \°(' H' ('I'(' l't'f'_\' 

j(11t1111atc irufrcd 
to hare such a 
dis Ii n 1: u is h ('(/ 

scif ntist likt' 
/) r. II a rt i .rn /1 

working H'ilh us" 

---------ii-
Mr. Adel Al-Saff ar 

"We really have a terrible situation developing." said One of the project's most significant discoveries to 
Mr. Al-Saffar. "The proliferation of sport divers and rec- date is the identification of spawning times and periods 
reational fishermen operating without rules or rcgan.l to of two species of Kuwait coral. uni4ue in that their 
the protection of their environment have disturbed the spawning periods differ greatly from coral in other 
balance between the reefs' ability to sustain itself and world regions. 
people's pastimes." 

During the spawning process. eggs and sperm from 
During the last two years, sport diving has grown ex- within each coral polyp are slowly formed into a small 

ponentially, especially among young Kuwaitis. While bundle beneath each polyp mouth. The bundle is then 
most are certified and have some understanding of the released from the polyp - around the full moon cycle -

sensitivity of the undersea environment, for every one and noats to the surface where the egg and the spcm1 
qualified diver, there are approximately four to five div- separate, and cross fertilization occurs. 

ers who are Un-qualified. The project team captured the spawning proL·ess of 

Cabin cruisers and sport fishing boats, when they several species of Acropora corals in May and colonies 
drop anchor on a reef, inadvertently kill off a hair ccn- of the brain coral species Platygyra dacdalca in June ..... 

-------------------------------'Ifie 'l(uwaiti Vigestl3 J 

• 



94 

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 indiglmous 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 to 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. Ku wait 's Jive reep .. · 
should not exist" 
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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 larvae. 

The study showed that even low levels of oil hydro
carbons in seawater reduce, or even block the seulement 
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 divers 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. 
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UNIDO's Substantive Comment on the final report of Dr. P. L. Hanison 

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. 


