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PREFACE 

The United Nations Conference on the Human Environment (Stockholm, 5-16 June 1972) adopted 
the Action Plan for the Human Environment, including the General Principles for  Assessment and 
Control of  Marine Pollution. I n  the l i gh t  of the results of  the Stockholm Conference, the United 
Nations General Assembly decided to  establish the United Mat ions Environment Programme (UNEP) to 
'serve as a focal point for  environmental action and co-ordination within the United Nations 
system" [General Assembly resolution (XXVII) of  15 December 19721. The organizations of the United 
Nations system were invited "to adopt the measures that may be required to  undertake concerted and 
co-ordi nated programmes with regard to  international environmental problemsn, and the 
"intergovernmental and non-governmental organizations that have an interest i n  the f i e l d  of  the 
environmentn were also invited "to lend their f u l l  support and collaboration to the United Nations 
with a view to achieving the largest possible degree o f  co-operation and co-ordinationn. 
Subsequently, the Governing Council of  UNEP chose "Oceans" as one of  the p r io r i t y  areas i n  uhich 
i t  would focus efforts to f u l f i l l  i t s  catalytic and co-ordinating role. 

The Regional Seas Program was in i t iated by UNEP i n  1974. Since then the Governing Council 
of UNEP has repeatedly endorsed a regional approach to  the control of  marine pollut ion and the 
management of  marine and coastal resources and has requested the development of regional action 
plans . 

The Regional Seas Programme at present includes ten regionsi7 and has about 130 coastal 
States participating i n  it. It i s  conceived as an action-oriented programme having concern not 
only for the consequences but also for  the causes of  environmental problems through the management 
of marine and coastal areas. Each regional action plan i s  formulated according to  the needs o f  the 
region as perceived by the Governments concerned. It i s  designed to  l i nk  assessment of  the quali ty 
of  the marine environment and the causes of i t s  deterioration with act iv i t ies for  the management 
and development of  regional legal agreements and of  action-oriented programme activitiesg/. 

During i t s  fourth session i n  1916 the Governing Council o f  UNEP approved the preparatory 
work for  convening a Regional Conference on the Protection of  the Marine and Coastal Environment 
o f  Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates. 
Subsequently, on the basis o f  a fact-finding mission sponsored by UMEP and supported by several 
United Nations agencies, a draf t  action plan dealing with the scient i f ic  and socio-economic 
aspects for  the protection and development of  the marine environment of  the region was prepared 
and reviewed by a series of technical meetings of  Government-nominated experts. 

11 Mediterranean Region, Kuwait Action Plan Region, West and Central African Region, Wider - 
Caribbean Region, East Asian Seas Region, South-East Pacific Region, South Pacific Region, 
Red Sea and Gulf of  Aden Region, Eastern African Region and South Asian Region. 

2/ IMP: Achievements and planned development of WP 's  Regional Seas Program and comparable 
programmes sponsored by other bodies. UNEP Regional Seas Reports and Studies No. 1. UWP, 
1982. 



I n  Apri 1 1978 a Regional Conference of  Plenipotentiaries was convened i n  Kuwai t for  the purpose of 
reviewing, revising and adopting the action plan and related legal instruments. The Conference 
adopted on 23 Apri l  1978 the Action Plan for the Protection and Development o f  the Marine 
Environment and the Coastal Areas of  Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and 
United Arab Emirates3/. The Action Plan has subsequently become known as the Kuwai t Action Plan. 

Uithin th is Action Plan, the Governments have approved a number of  projects and assigned 
p r io r i t y  to  some of them. UNEP has provided i t s  technical backstopping and support for  the 
implementation of  these projects, i n  co-operation with a number of specialized agencies as 
appropriate. I n  th is context, the Oceans and Coastal Areas Programme Activity Centre (WPAC) of 
UNEP closely co-operated with the Secretariat of  ROPME i n  the planning for and convening of 
ROME'S Workshop on Coastal Area Development (Kuwait, 19-23 August 1987 1. 

I n  addition to  the presentations made by ROPHEes regional experts on issues related to  the 
coastal zone management and development i n  ROPME Sea Area, four UNEP senior experts from outside 
ROPHE Area presented case studies from other regions of  UMEPes Regional Seas Programme, namely the 
Mediterranean, East Asian Seas, Caribbean and South Pacific regions. The workshop was thus an 
excel lent opportunity for  the exchange o f  information and experience between experts working i n  
f ields related to  the coastal zone management problems. 

The present report includes the f u l l  text of  a l l  the papers which were presented a t  the 
Workshop, and were made available to  ROPWE and UNEP for  publication. 

3/ UNEP: Action Plan for  the protection of  the marine environment and the coastal areas of  
Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and United Arab Emirates. UNEP 
Regional Seas Reports and Studies No. 35. UNEP 1983. 
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FOREWORD 

The Kuwait Regional Convention emphasized i n  A r t i c l e  V I I I  the need t o  cont ro l  one o f  the 
most damaging coastal a c t i v i t i e s  i n  the Region which i s  l and - f i l l i ng  and dredging operations so 
cannon i n  our Sea Area. This A r t i c l e  states that  "the Contracting States sha l l  take a l l  
appropriate measures t o  prevent, abate and combat po l lu t ion  o f  the Sea Area resu l t i ng  from land 
reclamation and associated suct ion dredging and coastal dredgingn. 

Since the s k i l l s  o f  environmental management are learned through experience, the 
Plenipotent iar ies o f  the Kuwait Conference thought o f  sharing the wisdom gained through mistakes 
and success s to r ies  i n  Workshops, such as th i s ,  t o  develop the pr inc ip les and guide1 ines f o r  
coastal development and management. 

Having par t ic ipated i n  some o f  the Workshop Sessions and through the examination o f  the 
papers presented, i t  i s  apparent that  the Workshop topics were well-organized i n t o  the basic 
topics beginning from iden t i f y ing  the natural  character ist ics o f  our coastal ecosystems over which 
our coastal development and management plans w i l l  be laid;  the publ ic  heal th  factors  and demands 
by other sectors which compete f o r  and inf luence our a b i l i t y  t o  implement those plans and, 
f i n a l l y ,  the planning and administrat ive aspects o f  coastal zone development and management. I t  
was in te res t ing  t o  learn about the experiences, lessons and success s tor ies o f  other Regions which 
would ce r ta in ly  help us towards se t t ing  our own plans f o r  coastal development and management i n t o  
an environmentally sound framework. I would have wished t o  see more o f  the experiences from our 
Region being presented, especial ly on the measures already taken t o  develop plans fo r  coastal 
zoning and development. However, t h i s  Workshop has set the stage f o r  the fu tu re  Workshops where 
we can s t i l l  u t i l i z e  more o f  our own experiences t o  draw the pr inc ip les and guidel ines f o r  coastal 
development and management w i th in  a framework o f  a ROPME strategy aimed a t  the development o f  our 
natural  resources along wi th  conservation and enhancement o f  our national habitats.  

I bel ieve that  I would be expressing the sentiments o f  ROPME Member States by complimenting 
a l l  those who have contributed towards the organization o f  the Workshop, presented papers and 
par t ic ipated i n  the discussion. UNEP's assistance and cont r ibut ion towards t h i s  Workshop i s  
especial ly appreciated. 

Ap r i l  1988 Dr. Abdul Rahman Al-Awadi 
Acting Executive Secretary of ROPRE 
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SESSION I 

CHARACTERISTICS. ASSESSMENT AND MANAGEMENT OF MARINE AND COASTAL 
HABITATS I N  ROPME SEA AREA 



THE BAHRAIN MARINE HABITAT SURVEY: A STUDY OF THE MARINE ENVIRONMENT OF 
BAHRAIN USING REMOTE SENSING AS A RAPID ASSESSMENT METHODOLOGY. 

by 

David Hugh Vousden 

Environmental Protection Technical Secretariat. Bahrain 

ABSTRACT 

To monitor the effects o f  coastal development and t o  apply coastal resource management 
recommendations to  the State o f  Bahrain, an inventory o f  the d ist r ibut ion and condition o f  a l l  
marine resources around Bahrain was undertaken. Sate l l i te  remote sensing was used, th is  being the 
latest  and most e f f i c i en t  methodology available although having yet t o  be proven for  th is  
part icular  application. Such a f u l l  and detailed assessment o f  marine resources using remote 
sensing has never been achieved before. The sa te l l i t e  images created were reinforced and tested 
by helicopter and sea-truthing. Detailed studies o f  over ZOO in ter t ida l  and subtidal habitats 
were undertaken. Species l i s t s  were evolved for  a l l  the major taxonomic groups. A f inal,  
detailed report was submitted t o  ROPHE (The Regional Organisation fo r  the Protection o f  the Marine 
Environment 1, Kuwai t. This report also included management reccxnnendat ions fo r  Bahrain's coastal 
resources; a database carrying physical, chemical and biological data fo r  a l l  the s i tes visited; a 
series o f  charts showing the dist r ibut ion o f  a l l  the in ter t ida l  and subtidal habitats along with 
areas o f  sensi t iv i ty  and areas recommended fo r  protection o r  development. 

INTRODUCTION 

To assess or  predict the effects of coastal development on the environment and t o  produce 
rea l i s t i c  management recommendations fo r  i t s  protection, i t  i s  necessary t o  know: 

What natural ly constitutes that environment i.e. what habitats are present and how they 
re late t o  the biological camunities which they support. 

What controls the dist r ibut ion and welfare o f  those habitats i.e. temperature and sa l i n i t y  
ranges, substrate-type, etc. 

What types o f  stresses that environment receives both natural ly and a r t i f i c i a l l y  (man-made). 

What further stresses are l i k e l y  and how much more the environment can absorb before 
irreparable damage i s  done. 

With a view t o  achieving th is  end, the Bahrain Marine Habitat Survey set out to: 

Ident i fy  and characterise a11 of the major marine habitats wi th in the t e r r i t o r i a l  waters o f  
Bahrain. 



2. 

3. 

4. 

5. 

and 

Map the area and d is t r ibu t ion  o f  these habitats. 

Determine the principal physical, chemical and biological parameters expressed wi th in those 
habitats as a means to  ident i fy ing biological connunity types and to  understand the 
d is t r ibu t ion  o f  these habitat types. 

Assess the importance o f  each habitat type t o  the sc ien t i f i c ,  economic and cul tura l  welfare 
o f  the state o f  Bahrain. 

Produce a series o f  environmental recommendations and management plans fo r  the waters o f  
Bahrain, ident i fy ing the major problems both present and potential and suggest methods for 
a l lev ia t ing  any pressures on the environment. 

Within t h i s  framework the biggest single problem from the point-of-view o f  time, manpower 
geographical area i s  the mapping and characterisation o f  the d i f ferent  habi tat  types. The 

State o f  Bahrain has a marine Exclusive Economic Zone (EEZ) o f  some 12,000 sq. km. So most o f  
th is  survey was restr ic ted to  the actual t e r r i t o r i a l  waters. These s t i l l  const i tute some 3,000 
sq. km. (see Fig. 1 fo r  main island and reef areas around Bahrain). Such an area presents 
l og i s t i ca l  problems using standard methods o f  aer ia l  photography and 'ground surveying'. The 
amount o f  time and manpower which would be required t o  cover such an area i n  order t o  map and 
characterise the marine habitats accurately would be rea l i s t i ca l l y  and economically prohibitive. 

Sa te l l i t e  remote sensing i s  a very young f i e l d  o f  science and i t s  applications wi th in the 
marine environment are s t i l l  being experimented with, however, i t  was f e l t  that th is  approach 
might solve the problem o f  mapping such a large area. This technique has been used before t o  
ident i fy  single habitat types or on small scale projects, but no-one had yet managed to  
successfully and accurately map the complete t e r r i t o r i a l  waters o f  a country o r  t o  ident i fy  the 
many d i f fe rent  habitat types using th is  method. Therefore, t h i s  was very much a p i l o t  project t o  
assess the v i a b i l i t y  o f  such a rapid and re la t ive ly  inexpensive methodology. I f  th i s  worked then 
i t s  applications throughout the ROPHE Sea Area and, indeed, anywhere else i n  the world would be 
invaluable. 

METHODS 

Sa te l l i t e  remote sensing techniques: 

The acquisi t ion and processing o f  the s a t e l l i t e  data was handled by the Environmental Remote 
Sensing Applications Centre (ERSAC) a t  Livingstone i n  Scotland, U.K. 

The s a t e l l i t e  imagery used was obtained from Landsat 5. This sa te l l i t e  was launched on the 
1st March, 1984 i n to  a near-polar, sun synchronous o r b i t  a t  a distance o f  705 kilometres above the 
Earth. Landsat 5 achieves a complete coverage o f  the Earth's surface between 81 N and 81 S every 
16 days having an orb i ta l  period o f  99 minutes and crossing the equator a t  0945 hours local time. 
The s a t e l l i t e  i s  the latest  platform i n  the Landsat series and i s  equipped with a 4-channel 
flu1 t ispectra l  Scanner (MSS) capable o f  gathering imagery data i n  the v is ib le  and near-infrared 
spectrum (0.5-1.1 um) and 7-channel scanner cal led a Thematic Mapper (TM) which scans v is ib le  
ref lected l i g h t  as well as the near, mid and thermal infrared spectrum (0.45-12.5 um). The TR 
scanner i s  capable o f  higher resolution (30 x 30 metres) i n  s ix  out o f  i t s  seven bands than the 
MSS (80 x 80 metres). This higher resolution allows images t o  be produced as a photographic map 
down to  a scale o f  1:50,000 beyond which the image breaks up i n to  i t s  individual pixels 
(pixelation). MSS imagery on the other hand can only resolve down to  1:200,000 before p ixelat ion 
occurs. 



Figure 1. Map of  Bahrain showing main Islands and Reef areas. 



A further advantage t o  using TR rather than HSS imagery i s  the greater sens i t i v i ty  of the TH t o  
the s l i g h t l y  shorter blue-green 1 ight  reflectance wavelengths a1 lowing fo r  greater penetration of 
the water column. This obviously makes i t  more applicable t o  seabed studies o f  th is  nature. 

The d ig i t i sed data i s  transmitted t o  Earth from the s a t e l l i t e  and recorded on magnetic 
tape. I t  i s  then fed in to  a computer for  analysis and imagery extrapolation. This service was 
provided by ERSAC using a PrimdGems computing/image processing un i t  which converts the dig i t ised 
data i n to  a p ic tor ia l  screen image. 

The TN data from the Landsat series o f  sa te l l i tes  covers 7 parts o r  'bands' o f  the 
electromagnetic spectrum (see Table 1). The individual bands may be analyzed o r  portrayed 
separately as black and whi te  images. A1 ternatively a fa lse colour composite can be created using 
principal component analysis on a combination o f  any three o f  the available bands and combined 
onto colour f i l m  wi th exposures made through blue, green and red f i l t e r s  respectively t o  produce a 
simulated colour image. Because d i  f ferent bands enhance d i  f ferent physical phenomena dependant on 
the i r  reflectance, various detai ls  w i l l  be enhanced i n  each colour. This retains the or ig inal  
information contained within the black and white imagery but substitutes the grey tones f o r  a 
combination o f  colours which are more easily d i f ferent iated by the human eye. This i s  cal led a 
fa lse colour image as i t  only uses certain bands o f  reflectance and not the whole spectrum. 

Two approaches were taken fo r  the analysis and image projection o f  the s a t e l l i t e  scene. The 
f i r s t  was t o  create a false colour image o f  the area and the second was to  extrapolate th i s  t o  an 
image predict ing habitat types. 

To produce the false colour image used during th is  survey, the i n i t i a l  d i g i t a l  scene was 
subdivided in to  land and sea. TH bands 1, 2 and 3 (Table 1) were then extracted fo r  the sea and 
enhanced t o  give detai ls  o f  depth, sediment movement, water flow etc. TH bands 2, 3 and 4 were 
used to  enhance the land information and then the two were recombined to  achieve the f i n a l  image. 
Due t o  the curvature o f  the Earth and the angle o f  the scanner a t  the time o f  recording, the image 
w i l l  be distorted when generated as a f l a t  picture on screen o r  photograph. To overcome th is  i t  
i s  necessary t o  geometrically correct the data and the f i r s t  step i n  th is  correction i s  the 
location of ground control points. Once these control points have been established on the image, 
regression analysis i s  used t o  transform the Landsat coordinates t o  a desired map projection ( In  
th is  case Universal Transverse Hercator), and t o  real ign the image to  correspond t o  the control 
points. 

2. Habitat characterisation image. (see Plate 2) 

To create an image depicting habitat types i t  i s  necessary to  feed the computer with 
accurate information on areas o f  known habitat. The pr inc ip le involved i s  simply a matter o f  
comparison between the pixel  data generated by the s a t e l l i t e  and the actual habitat types known t o  
be present fo r  that corresponding area on the *groundo. 
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Table 1. Landsat specifications and capabilities. 

Sensors: 
Muhi-qmlral Scanner (MSS) 

Wavelength (pa) Resolution 
Band I 0.500.60 (green) 80m 
Band 2 0.60-0.70 (red) 80m 
Band 3 0.70-0.80 (red-near IR) 80m 
Band 4 0.80-1.10 (near 1R) 80m 

Thematic Mapper (TM) 
Wavclcnpth (@ 

Band I 0.45g.52 
Band 2 0.52- 0.60 
Band 3 0.63- 0.69 
Band 4 0.76- 0.90 
Band 5 1.55- 1.75 
Band6 10.40-12-50 
Band 7 2.08- 2.35 
Both sensors provide imagedata with 185 x 185km cover- 
age. with 5.4% forwardovcrlapand7.3% sideoverlap at the 
equator increasing at higher latitudes. 

Applications 
T h e  main characteristics of the satellite a n d  the MSS 
and  TM sensors areshown in the table, while someofthe 
primary potential applications of the TM arc listed 
helow.- 
Band Potential Applications 
1 mapping of coastal waters: differentiating soil 

and vegetation; separating coniferous a n d  dc- 
ciduous species 

2 measurement ofvisiilegreen reflectance peaks to 
assess vigour of vegetation 

3 discrimination of plant species through mcasur- 
ingrhlorophyll absorption 

4 delineation of water bodies: determination of 
biomass content 

5 measurement ofvegetation and soil moisture: dif- 
ferfcntiation ofclouds and snow 

6 thermal imaging and mapping; plant heat stress 
analysis; determination of soil moisture 

7 discrimination of rock types; hydro-thermal 
mapping. 

Launch: 
Landsat 4: 16 July 1982 
Landsat 5: I March 1984 
Orbital parameters: 
Orbit near polar 

sun synchronous 
Alti~udc: 705km 
Inclination: 98.2O 
Coverage: 8I0N to 8I0S 
Period: 99 minutes. crossing the equator ai 

9.45hr local time 
Repeat cycle: 16 days 
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Pla te  2 - Marine Habitat Characterization ( S a t e l l i t e  Image of Bahrain) 



Several areas o f  t ra in ing data are required fo r  each habitat type that i s  t o  be mapped. For 
example, t o  classify areas of seagrass throughout the image i t  i s  necessary to  feed the computer 
with the accurate positions o f  several areas o f  good seagrass that have been previously ident i f ied  
i n  the f ie ld .  The computer can then scan the image for  identical p ixel  types and assign them to  
the seagrass category. Any areas that do not fal: immediately i n to  one o f  the habitat categories 
are given a 'maximum l i kel i hood0 designation and assigned to  the nearest (most similar) category. 

To generate our habitat characterisation image only bands 1, 2 and 3 were used, as 
information fo r  the land was not required. These bands are the most useful as they are more 
capable o f  penetrating water. The seas around Bahrain are generally turb id due t o  high sediment 
loads. This presented a problem as i t  reduced the penetration o f  a l l  three bands, therefore 
l i m i t i n g  the depth to which habitats could be ident i f ied and possibly upsetting the accuracy i n  
some areas o f  the image. Obviously, the accuracy o f  the information received by the s a t e l l i t e  can 
also be upset by climatic factors such as sea state and cloud-cover, both o f  which can a f fec t  the 
penetration and back-scatter o f  1 ight.. 

Bearing i n  mind the 1 imitations imposed by these factors i t  was necessary to  include a deep 
water element i n  the habitat classif icat ion. By comparing the accuracy o f  the s a t e l l i  te-predicted 
habitat types against the 'f ield-truthed' habitat types th is  deep water c lass i f i ca t ion  was f ixed 
t o  include a l l  depths of water greater than 12 metres (although penetration may be better than 
th i s  i n  some parts o f  the image depending on localised values fo r  suspended sediment). 

Once a l l  the categories had been f i l l e d  the computer could then be programed t o  assign each 
category o f  habitat with a colour t o  produce the f i n a l  image. 

S i te  selection 

The selection of study s i tes was achieved using a combination o f  the results from the remote 
sensing data, helicopter overf l ights and previously-acquired local knowledge. The i n i t i a l  results 
from the remote sensing data were poor and the image had to  be rerun a f te r  further f i e l d  work had 
been undertaken (see conclusions) . 

Helicopter overf l ights were essential i n  order t o  assist i n  the selection o f  f i e l d  study 
sites. During the helicopter f l igh ts ,  two photographers were positioned one on e i ther  side o f  the 
he1 icopter with a voice-recorder i n  the middle. Each photographer was given a code and signalled 
a number t o  the recorder a f te r  each exposure. The number was marked i n  over the relevant posit ion 
on a chart (assisted by onboard Loran ' C '  posit ion f i x i ng  equipment and compass). The f i n a l  
p r in ts  from th is  photography were developed i n  a continuous ro le  so that i t  was easy t o  follow the 
sequence o f  shots. This method proved to  be very ef fect ive i n  ident i fy ing differences i n  the 
benthic habitat types. During the la te r  surveys the system was even further improved by l ink ing  
the observers to the recorder via the helicopters onboard intercom system which was also 
channelled i n to  a cassette recorder. After each observer had recorded h is  observation on tape the 
recorder could add a Loran ' C '  posit ion f i x ,  compass bearing, air-speed and height. 

By analysis o f  the photographic material along with the i n i t i a l  returns from the s a t e l l i t e  
imagery and knowledge gained by the local scient ists on the project over the l as t  three years i t  
was possible t o  select the sites. Emphasis here was two-fold, f i r s t l y ,  t o  recover useful 
comparative data from known habitat types under potent ia l ly  d i f fe rent  physico-chanical constraints 
e.g. t o  look a t  seagrass beds around the island i n  d i f ferent  depths, sa l i n i t i es  or  current and 
t i da l  regimes and secondly, t o  ident i fy  those habitats i n  areas which were unknown or  uncertain. 
In te r t ida l  s i tes were selected more on the basis o f  local knowledge which was considerable by th is  
time. 



I n te r t i da l  methodologies 

Some f i f t y  s i tes on the coast o f  Bahrain and i t s  islands were v is i ted and sampled during 
July and August o f  1985. I n  addition, observations were made a t  other s i tes as the opportunity 
presented i t s e l f .  These s i tes were chosen either because they had already been used as monitoring 
stations, o r  to  give a representative example o f  each habitat type under d i f ferent  environmental 
constraints. The physical characteristics o f  each major s i t e  were noted. This involved 
measurements o f  the in ter t ida l  prof i le ,  col lect ion o f  sediment samples, a i r  and water 
temperatures, sa l i n i t y  and t i da l  range. Replicate collections o f  macrobiota (those retained by a 
0.5mn mesh-size sieve) were taken for  ident i f icat ion where th i s  was not possible on-site. 
Wherever possible quantitative estimates o f  the dominant in ter t ida l  biota were made using 
0.25 f ir quadrats o r  78.5 air* core-samplers, the methodology employed depending on the 
substrate-type encountered. I n  addition, snorkel surveys were made t o  characterise the imnediate 
subl i t tora l .  Due to  the small t i da l  range present i n  the simmer months, much o f  the lower 
i n te r t i da l  zone a t  the survey sites was flooded so that i t  was necessary t o  complete some of the 
survey work by wading. Habitat photographs were taken a t  a11 sites. Sediment samples taken a t  
a11 major s i tes were frozen u n t i l  processed. Each sample was then washed i n  fresh water t o  remove 
the sa l t  content and oven-dried a t  1WC fo r  24 hours before sieving i n  a standard sieve series 
according t o  ROPME ' s Manual o f  Oceanographic Observations and Pol lutant Analyses Methods, MOOPAN, 
(ROPHE, 1983). Weights o f  sieved fractions were recorded and, a f te r  correcting t o  a standard 
to ta l  weight subjected t o  grain-size analysis. 

Subtidal methodologies 

Coral 1 i ne hard substrates 

The presence and cover values o f  each coral species found a t  each s i t e  were recorded in 
situ, and then an associative analysis was employed i n  which the coral assemblage a t  every s i t e  - 
was compared to  that a t  every other s i t e  by means o f  a s imi la r i ty  index. This method determined 
which o f  the s i tes or  groups o f  s i tes were similar t o  each other and which were signif icantly 
d i f ferent .  By th is  means i t  was possible t o  estimate the number o f  general coral assemblages i n  
Bahrain. 

This created somewhat o f  a constraint here as there were so many areas o f  subtidal habitat 
which required surveying. Coral reef habitats are enormously time-consuming i n  comparison t o  the 
area covered due t o  the i r  re la t ive ly  high divers i ty  and three-dimensional nature. 

F i rs t ,  any topographic discontinuities or  features were used, i f  present, t o  define the 
boundaries o f  a survey site. The majority o f  reefs i n  the area are shallow and so the reef slope 
was surveyed a t  two or  more points o f  the compass around a reef area with each point being counted 
as one site. Very small patch reefs, such as those found a t  Fasht Bu Thur and Ad Dur, were 
treated as a single unit .  I n  cases where di f ferent  depths occurred on a reef f ront  (e.9. Fasht 
Mhm, near the 'half-tanker' s i te) ,  d i f ferent  depth zones were treated as d i f fe rent  sites. I n  
a l l  cases, the s i t e  boundaries were designated by physical or  geographical parameters and not by 
the presence o f  biological zones. 

A coral species l i s t  was compiled fo r  each site. Recording MS carried out over a la tera l  
distance o f  at  least 50 metres and more usually 100 metres. Sites were covered u n t i l  no more 
species were recorded for  a t  least 10 minutes, th is  procedure usually taking between 20-30 minutes 
and sometimes less a t  1 w-d ivers i  t y  sites. 

A t  each o f  these sites species were either coded with a 1 i f  they could only be accurately 
recorded as 'present' or  assigned a percentage cover value where th i s  could be re l iab ly  estimated 
by eye. 



Overall coral cover was also estimated for each site as was algal cover and type and any 
soft substrate cover present e.g. coral sand. Other significant substrates or relevant faunal 
features, such as zoanthids were also recorded if present. 

A cluster analysis was pel formed on the data to identify patterns in coral assemblages. A 
Bray-Curtis (1957) quantitative similarity index was used to calculate similarity coefficients 
between sites. This data was then used to create a similarity matrix for every pair of sites. 
Then a simple hierachical clustering of sites and groups of sites followed where two sites, once 
matched, were used to form a composite site or centroid. Correlation values of the centroid then 
replaced those of its component sites in the matrix; these were determined as the arithmetic mean 
of the individual coefficients. The procedure was continued until all 32 sites were fused. 

The groupings or clusters were then defined as the groups which appeared at a similarity 
level of about 0.33. In other words, each cluster is only one-third similar and at least 
tuo-thirds dissimilar from each other cluster. 

Hard, non-coral 1 ine substrates 

The standard methods adopted for the intertidal zone are generally applicable to the 
subtidal zone also. The water column was recorded for temperature, surface salinity and depth 
and, on a site-selected basis, for dissolved oxygen, pH and conductivity. Bottom cover was 
assessed using repetitive quadrats (0.5 n? and 0.25 nr') and samples were taken from within 
these quadrats for analysis of percentage covedstanding crop. General collect ions were a1 so made 
so as to develop the species lists. Underwater recording was done on white perspex slates with a 
cord-at tached penci 1 . 

Soft or mobile substrates 

All parameters were recorded as above but infauna were collected using a 78.5 air* corer 
made from plastic gutter pipe with a bevelled edge at one end and a stainless steel rod as a 
handle at the other end. Corers were also used to collect samples for grain-size analysis. In 
seagrass beds, the estimated percentage cover and average blade length of each seagrass species 
were also determined. 

General col lect ions 

All samples were placed in plastic, sealable bags or plastic bottles formalised using 10% 
formalin, stained where required with a pinch of Rose Bengal to assist in sorting the smaller 
organisms and labelled using a reversed date code for easier computer analysis (A.R.G. Price, 
Personal Comnunication). Using this reversed date code, August 25, 1985 would read 850825. A 
letter was suffixed to this code to identify the site ( a = first site surveyed on that day, b = 
second site etc.), followed by a number indicating the sample number at that site. Therefore, at 
the first site visited on the 25th of August, 1985, two core-samples followed by a general 
collection would read 8508291, 8508292 and 8508293 respectively. This methodology proved 
invaluable at the desk-top data analysis stage. Furthermore, photographic records were kept of 
all habitat types for inclusion in the final report using a Nikonos 4a camera with attached flash 
and interchangeable close-up and wide-angle lenses. 

Site positions were recorded using Micrologic Loran 'C' position - fixing equipment. This 
achieved an accuracy of between 100 and IS0 feet (30 - 45 metres) and a11 positions were later 
transcribed to a large chart as well as being converted to U.T.M. (Universal Transverse Rercator). 

Plankton tows were undertaken during the winter/spring period using a standard Plymouth net 
of 142 urn mesh size, 46 cm diameter mouth and a Kahlsico flow meter. This was towed for 5 minutes 



fol lowing which plankton samples were formalised i n  5% buffered formalin. The meter was 
cal ibrated on s i te.  Methods f o r  plankton study can be found i n  ROPHE's Manual o f  Oceanographic 
Observations and Pollutant Analyses Methods (MOOPAH, 1983) and i n  Marine Zooplankton (Newel1 and 
Newell, 1973). 

I n  a l l  cases, temperatures were recorded t o  O.SOc using a mercury thermometer. Sa l in i ty  
measurements were taken t o  0.5 with calibrated, temperature - compensated refractometer (American 
Optical Corporation) 

Laboratory samples 

A l l  samples were preserved i n  alcohol, sorted to  phyla and ei ther  ident i f ied  to  species i n  
the Environmental Protection Technical Secretariat's (EPTS) laboratories by the available 
taxonomic experts o r  packaged and shipped fo r  i d e n t i f i c a t i o n  by local o r  international 
taxonomists. Core samples were sieved through 0.5m mesh sieves f o r  the i r  infaunal component and 
grain - size analysis through a standard series (See MOOPAPI, 1983). 

Museum col lect ion 

AH samples collected and ident i f ied were sorted i n to  duplicate specimen sets (one f o r  
Bahrain EPTS and the other f o r  ROPME). These were processed fo r  preservation and labelled with 
taxonomic ident i f icat ion,  si te, date o f  collection, name o f  collector, etc. Corals were bleached, 
washed, sun-dried and tagged with the name fo r  any further sampling and monitoring work. 

RESULTS AND DISCUSSIONS 

In te r t i da l  survey 

The i n te r t i da l  areas o f  Bahrain show very few single (pure) habitat shores. There are some 
exceptions wi th pure sandy beaches being found on some o f  the offshore islands and pure muddy 
coastlines i n  some o f  the sheltered bays but by fa r  the greater area o f  the i n te r t i da l  zone 
consists o f  mixed habitat types often forming a longitudinal zonation down the shoreline. Also 
there are very fen undisturbed shores around Bahrain except t o  the south and on the offshore 
islands. The rest  o f  the coastline o f  Bahrain shows the effects o f  coastal development and the 
o i l  and petrochemical industry. 

The general physical characteristics o f  Sea Area shores together with the i r  b iota are 
b r i e f l y  described below. Examples o f  rock, sand and mud are a l l  present within the study area 
a1 though the l a t t e r  i s  rare. The rocky c l i f f s  o f  the Hawar island group are the only example o f  an 
extensive classic rocky shore as most other rocky areas consist o f  mixed habitats o r  rock and 
sand. Whilst sunnier temperatures are high, the i r  ef fect  on the in te r t ida l  zone i s  ameliorated to  
some extent by the small t i da l  range during the hottest months and the occurrence o f  the spring 
tides during the night-time. Sa l in i t ies  show a north - south gradation with a range o f  42* to  
58*. However, the sa l i n i t i es  vary d iurnal ly  with the state o f  t i de  by as much as 7. (see figures 
2 and 3.). Higher values often occur i n te r t i da l l y  and i n  lagoon areas and almost cer ta in ly  
f luctuate with seasonal changes i n  tenperature. Sand beaches are rarely typical, often consisting 
o f  only a th in  veneer o f  sand over rock fo r  most o f  the i n te r t i da l  zone. Exposed sand beaches are 
best developed on -the small offshore islands, while sheltered sand beaches are more typical i n  the 
southern section o f  the main island o f  Bahrain. True muddy shores are res t r i c led  to  a small 
section o f  the open coast and Tubli Bay as well as some o f  the inundated sabkha f l a t s  among the 
Hawar group. 

*Following the new Practical Sa l in i ty  Scale (UNESCO, 1981), the Sal in i ty  i s  a dimensionless 
quantity. 
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Figure 2. Mean salinity levels around Bahrain approaching slack 
water on a rising tide (taken from Vousden. 1985). 



Figure 3. Mean salinity levels around Bahrain approaching slack water 
on a fal l ing tide (taken from Vousden, 1985). 



Despite the restr ict ions placed on the in ter t ida l  biota by a l imi ted d is t r ibu t ion  o f  
habitats, narrow t i da l  range and extreme temperature and sal in i ty ,  i t  i s  possible t o  characterise 
the shores and in ter t ida l  habitats o f  Bahrain by the i r  biota. Zonation patterns are present on 
most shores and characteristic species are l i s t e d  i n  the tables i n  the Bahrain Marine Habitat 
Survey report for  each level o f  each type o f  in ter t ida l  habitat. A comparison i s  made between the 
shores o f  the same habitat type i n  Bahrain as well as with the same habitats elsewhere i n  the Sea 
Area. Examples o f  undisturbed reference habitats are ident i f ied together with those shores 
influenced by human interference. The shore habitats o f  Bahrain are characterised and examples o f  
each category are also 1 isted wi th in the report. Used together with key species l i s t s  i t  i s  hoped 
that i t  should be possible t o  evaluate the effects o f  perturbation on these shores i n  the future. 

It i s  concluded that the lower shore levels and immediate sub l i t to ra l  are regions o f  high 
productivi ty with food webs based on macroalgae, seagrasses and blue-green algae, a l l  o f  which are 
involved i n  supporting various stages i n  the life-cycles o f  a number o f  comnercially-important 
f isheries species. Recamendat ions include more detailed survey work t o  establish more precise 
annual ranges o f  in ter t ida l  b i o t i c  variations and detailed studies on food-web links. 

The impact o f  new coastal structures upon benthic productivi ty and increased habitat 
d ivers i ty  requires evaluation, as does the effects o f  habitat deterioration due t o  i n f i l l  and 
other perturbations. Tubli Bay, an area o f  high productivity supporting f isheries and containing 
unique habitats, i s  now i n  urgent need o f  protection. As elevated sa l i n i t i es  appear t o  reduce 
b io t i c  d ivers i ty  i t  i s  recommended that sa l i n i t y  and temperature tolerances o f  key i n te r t i da l  
species be determined so that the i r  response t o  changes i n  these two parameters can be predicted. 

There are several reviews o f  the physical and biological characteristics o f  the shores 
contained within the ROPME Sea Area a l l  o f  which have been summarised recently (Jones O.A.. 
1986). More detailed discussions o f  the coastal ecology o f  Bahrain and i t s  physical and 
biological aspects also exist  (Price e t  al,  1984; Vousden,1985; Vousden and Price, 1985). These 
papers emphasize that the wide annual temperature range together with the high sa l i n i t i es  over 
much o f  the Sea Area act t o  l i m i t  b io t i c  diversit ies. I n  addition, the horizontal and almost 
featureless coastal topography found i n  the western Sea Area region further depresses divers i ty  by 
producing large areas o f  re la t ive ly  similar, f l a t  in ter t ida l  habitat, providing less ecological 
niches i n  comparison to  a more three-dimensional shore1 ine. Small t i da l  ranges and the absence o f  
oceanic wave also serve t o  reduce the exposure gradients that are otherwise seen on open Indian 
Ocean shores. For these reasons i t  i s  often d i f f i c u l t  to  isolate the classic biota which 
characterise rocky, sandy and muddy shores elsewhere as they often occur mixed together on the 
same shore within the ROPRE Sea Area. 

Human modification o f  the exist ing coastline by i n f i l l  and harbour construction, as well as 
pollution, has further blurred the dist inct ion between shores o f  d i f f e r i ng  physical 
characteristics. Thus i t  i s  not uncomnon t o  f ind  areas o f  sof t  mud on the surface o f  rock or  sand 
f l a t s  and th is  may often be as a result  o f  leaching and outwash from recent local reclamation 
areas. Present in ter t ida l  habitats now include the following categories. 

Rocky shores 

Natural rocky shores are rare due t o  the soft, eroding nature o f  the recent neogene 
sedimentary limestone which makes up most o f  the coastline i n  the western ROPME Sea Area (Evans, 
1985). Limestone c l i f f s  reaching a height o f  10-15 metres are a unique feature o f  the Hawar 
islands. Elsewhere i n  Bahrain rocky shores are characterised by occasional, small rocky islands 
(e-g. Jazirat ash Shayk and Jazirat Yasuf), by the odd outcrop o f  rock protruding through a veneer 
o f  sand, o r  by scattered boulders. The mixed sand/rock habitats dominate the coast o f  Bahrain and 
i t s  islands, and the i r  rather unique ef fect  on b io t i c  camunities i s  discussed i n  more deta i l  i n  
the subtidal section on mixed sand and rock habitats within the Bahrain Marine Habitat Survey. 



However, becoming increasingly more common are the a r t i f i c i a l  in ter t ida l  rocky habitats 
associated with the coastal rock armouring used i n  the bui lding o f  causeways, as anti-scour 
protection and i n  the construction o f  harbours and marinas. 

Sandy shores 

Although sand i s  the most cannon in ter t ida l  substrate throughout Bahrain i t  i s  usually too 
th in l y  spread over the surface o f  beach rock t o  support a typical burrowing macrofauna. 
Characteristically, a sand beach forms the upper fr inge t o  many shores, but a t  the low water mark 
there i s  often a transit ion t o  beach rock covered by a few mill imetres t o  a feu centimetres of 
sediment. Thus, i t  i s  common to  record sand beach biota from the upper shore and rocky biota from 
the lower shore where the rock surface i s  exposed, but a somewhat mixed biota i n  the t ransi t ion 
zone. True sandy beaches are mainly restr ic ted t o  the south and south-west of  Bahrain and t o  many 
o f  the islands where they occur as spi ts  o r  cays. Occassionally, sandy beaches have been created 
by reclamation processes where a sac r i f i c i a l  (gently shelving) sand slope has been l a i d  down by 
the engineers as an alternative t o  rock anti-scour protection. Examples of such slopes can be 
seen a t  Budaiya, Sanabis and the south end o f  Sitra. These slopes often provide a soft, mobile 
substrate on a shoreline which i s  otherwise d i s t i nc t l y  dif ferent. This substrate i n  turn of fers 
an increased divers i ty  o f  habitats t o  burrowing forms and the i r  predators such as wading and 
crabs. Here i s  an example o f  how coastal development can be beneficial t o  the environment when 
suitably planned and control led. 

Muddy shores 

The re la t ive ly  smooth, f l a t  coastal topography o f  Bahrain and the absence o f  r ivers tend to  
l i m i t  the development o f  bays and inlets. The scarcity o f  these sheltered, low-energy 
environments makes the occurrence o f  muddy shores and mud-flats rare. True muddy shores only 
occur i n  the stmi-enclosed Tubli Bay, patches o f  the coast near Askar and Ras A1 Muntallah and i n  
she1 tered bays wi th in the Hauar island group. However, the high incidence o f  coastal reclamation 
and i n f i l l  i s  causing the development o f  protected bay and i n l e t  areas i n  which mud-flats are now 
beginning t o  form. Examples o f  such areas are noticeable a t  the southern end o f  the A1 Hidd 
reclamation s t r i p  between the Arabian Ship Repair Yard and the Arabian Iron and Steel Company, on 
the edges o r  recent reclamation zones as can be seen a t  Sanabis and Budaiya and around the 
northern edge o f  Un Na'san i n  the area o f  the work island servicing the Saudi-Bahrain causeway. 
These areas are already becoming rapidly colonised by pioneer species and at t ract ing large numbers 
o f  migratory birds such as flamingo and smaller waders. 

Biota 

The general features o f  the in ter t ida l  biota o f  the western ROPME Sea Area are now 
well-documented (Basson g& a., 1977; Jones, 1986). I t  i s  recognised that the ROPRE Sea Area 
supports elements o f  both warm temperate and tropical biota and that these are impoverished i n  
comparison with the Indian Ocean biota due t o  the presence o f  physical stresses which r e s t r i c t  the 
b i o t i c  d ivers i ty  and species d is t r ibu t ion  around Bahrain. These physical stresses on the marine 
environment are mainly due t o  i t s  posit ion i n  the Gulf o f  Bahrain a t  the mouth o f  Oawhat Salwah. 
This area o f  shallow seas and restr ic ted water movement encourages high temperatures and 
sa l in i t ies .  

Subtidal survey 

Subtidally, the sof t  or  mobile habitats (muds, sands and gravels) tend to be mixed with each 
other and with hard substrate types. Evidence suggests that such mixed habitat types may support 
a number o f  'commuter' species, i.e. Those fauna that l i v e  within a three-dimensional, hard 
substrate habitat fo r  shelter and protection but which move out, often a t  night, t o  feed i n  the 



sof t  substrate areas. Within the c lassi f icat ion o f  so f t  substrate types, the seagrass and sand 
habitats showed up very d i s t i nc t l y  on the s a t e l l i t e  image and th is  revealed the presence o f  a 
major, h i ther to unknown grassbed on the west coast covering an area o f  some 40 sq. km. By 
comparison, between the d is t r ibu t ion  o f  the grassbeds as depicted on the s a t e l l i t e  image and 
bathynetric charts we can now see that i t  i s  not sa l i n i t y  which i s  l im i t i ng  the extent of the 
seagrass (as was previously supposed) but depth (assuming that the correct substrate i s  present). 
This i s  probably more obvious when considering the photosynthetic requirements o f  the seagrasses. 
The cut-off point f o r  grassbed development (between 12-14 metres beyond which only scattered 
clumps o f  grass e x i t  appears t o  be closely related to  the depth t o  which the s a t e l l i t e  can 
c lassi fy  habitats and beyond which we define as the 'Deep water' zone. There may indeed be good 
reason f o r  t h i s  apparent close relationship between the a b i l i t y  o f  the s a t e l l i t e  t o  'read' the 
seabed due t o  l i g h t  penetration and the a b i l i t y  o f  the seagrasses t o  photosynthesise. Belou the 
12-14 metre depth contour most o f  the sof t  substrates consist o f  s i l t s ,  muds and shel ly gravels 
depending on current velocities. I n  the shallows the grassbeds may extend r i gh t  up i n t o  the 
i n te r t i da l  depending on wave action and substrate type. Biologically, the grassbeds serve a twin 
ro le  as a major source o f  primary productivi ty and as a three-dimensional habitat act ing as a 
shelter and substrate fo r  attachment. The grassbeds around Bahrain provide an important substrate 
during the Pearl Oyster (Pinctada spp.) spat-fall i n  the l a te  sunnier as well as a major food 
source f o r  the Green (Chelonia midas) and Hawksbill (Eretomechelys imbricata) Turtles. They are 
probably more famous fo r  the large herds o f  Dugong or  Seacows (up t o  700 animals recorded i n  
February 1986) which they support. These animals have now been given protected status by the 
Government o f  Bahrain. The subtidal muds and sands also play an important ro le  i n  the l i fe-cycle 
o f  connercial species e.g. shrimp. 

Within the def in i t ion  o f  subtidal hard substances we have the coral reef areas, the ex-coral 
(h is to r ic  coral reef that i s  no longer viable but s t i l l  provides a three-dimensional habitat) and 
exposed rock. 

I n  the waters around Bahrain coral growth i s  severely l imi ted by physical constraints such 
as high water temperatures and sa l i n i t i es  which often exceed the tolerance l i m i t s  o f  most, i f  not 
a l l ,  coral species. There i s  very l i t t l e  complex reef c m n i t y  as such and coral species 
d ivers i ty  i s  low. However, there i s  a wide variety o f  reef development and structure around 
Bahrain. The range o f  reef topography shows that there i s  current reef growth i n  some areas along 
with substantial past reef growth i n  others. This suggests that some areas which h i s to r i ca l l y  
supported coral development have ceased to  do so presumably due to  a1 terations i n  surrounding 
physical characteristics. The conditions fo r  reef development are border1 ine. I t  i s  1 i kely that 
under the already over-stressed physical regime a l l  these reef systems are undergoing a natural 
sequence o f  morta l i ty  followed by recovery. Temperature i s  almost cer ta in ly  the major constraint, 
especially the low winter values (12-14O~). Sa l in i ty  imposes geographical 1 imitat ions and high 
tu rb id i ty  i s  retaining development. The whole area i s  marginal f o r  coral growth with the most 
favourable conditions t o  be found i n  the northeast o f  the region where sa l i n i t i es  are low 
(generally less than 43) and temperatures are buffered by the open water o f  the ROPf4E Sea Area. 
As a consequence the healthiest reef systems are t o  be found i n  t h i s  northeastern region. Cluster 
analysis o f  the coral c m n i  t i es  isolated f i v e  clusters. Three o f  these were c lear ly  defined by 
the dminance o f  an Acrowra o r  a Fbrites species, a fourth assemblage had fewer species and no 
dominants and the f i f t h  was species-poor and represented a highly stressed reef f l a t  assemblage. 
Two s i tes d id  not f a l l  i n to  any o f  these clusters. One s i t e  represented a very turb id reef area 
where the main reef-building species was, i n  fact, not coral a t  a l l  but the bivalve m l l usc ,  
pacifica. Coral cover a t  th is  s i t e  was less than 3%. the other exception was a s i t e  a t  which the 
sa l i n i t y  was recorded as BOX and only three species o f  coral were present. The sate1 1 i t e  proved 
t o  be very ef fect ive a t  ident i fy ing coral cover o f  greater than 20. 

Certain hard substrates i n  Bahrain are non-coral1 ine because local temperature, sal i n i  t y  o r  
tu rb id i ty  levels are too extreme fo r  coral survival. There i s  very l i t t l e  pure, exposed rock. 
Where i t  does occur, i t s  surface w i l l  be colonised depending on the current velocit ies. I n  lower 



velocity water the surface o f  the rock w i l l  be covered wi th algae while i n  higher veloc i t ies i t  i s  
the f i 1 ter-feeders such as sponges and tunicates which dominate. The SargassdHonnophysa algal 
beds play an important ro le  i n  the l i fe-cycle o f  commercial f isheries providing protect ion fo r  
young shrimp and f i s h  as well as a further source o f  settlement f o r  the oyster spat. The 
ex-coral l ine structures, although no longer supporting corals, s t i l l  provide an important 
three-dimensional habitat f o r  shelter and attachment and as such are s t i l l  o f  importance t o  
d ivers i ty  and fisheries. 

Interpretat ion o f  the false colour image 

Although the principal reasons fo r  employing s a t e l l i t e  remote sensing was t o  create a 
Habitat Classif icat ion image, the value o f  the False Colour image should not be ignored. This 
image provides a very good representation o f  the geology and sediment regime around Bahrain. 
Looking a t  the main island i t s e l f  i t  i s  possible t o  ident i fy  some o f  the h is to r ic  geological 
features associated with past coastlines. Various sea levels that have existed i n  the past can be 
defined and agree closely with work done by geologists i n  th is  area (Ooornkamp, 1980). General 
trends o f  accretion and erosion around the islands are apparent. Evidence o f  longshore d r i f t  down 
the western coastline i s  obvious from the image. The sand sp i t  a t  Ras a1 Barr i s  very c lear ly  
marked on the imagery along with a number o f  other sand formations around the island. These a l l  
show the predominantly north-south current i n  t h i s  area. 

To the south-west o f  the image, stretching up the coast o f  Saudi Arabia and across most o f  
Oawhat Saluah i t  i s  possible t o  see the shape o f  large sand formations on the sea bed. These are 
the remains o f  sand dunes which once covered th i s  area o f  the Gulf o f  Bahrain when i t  was a desert 
and before the waters flooded i t  during the l a t e  Holocene. These have become compacted and 
stabi l ised on the sea bed by the action o f  carbonate muds. Small dune formations and sand r ipples 
have been seen underwater o f f  the west coast o f  Bahrain during f i e l d  tr ips. Part o f  the i r  present 
day s t a b i l i t y  i s  determined by the presence o f  seagrasses growing on the t a l l e r  ridges o f  the 
dunes and ripples, thus preventing the i r  erosion. Between the dunes and the r ipples there are 
often areas o f  exposed rock and th i s  combination provides f o r  quite an unusual habitat. 

Throughout the image the shallow reefs and sand banks show up well. I n  fact, they are even 
clearer i n  the habitat c lassi f icat ion image. Channels and i n te r t i da l  f l a t s  are also very obvious 
mainly due to  the high tu rb id i ty  o f  these waters. Because o f  t h i s  high tu rb id i ty  i t  i s  easy t o  
pick out zones o f  erosion/accretion and also areas o f  recent dredging and reclamation. The 
recently reclaimed s i tes on the north coast a t  Sanabis and t o  the north-uest a t  Budaiya stand out 
as regular grey areas and the effects o f  s i l t a t i o n  caused by these reclamations can be seen along 
the adjacent coastline, especially a t  Sanabis. A t  A1 Hidd, where there i s  a recently reclaimed 
causeway t o  serve the shipyard and the i ron and steel mi l l s ,  the area offshore, which was dredged 
to  provide sand, can be c lear ly  seen i n  the form o f  a cross. 

Below Fasht Adhm, on the south eastern side, i s  an area o f  curious sedimentary 
characteristics. The water, here, appears to  be very turb id and th is  i s  confirmed by helicopter 
observations. On the s a t e l l i t e  image there appears t o  be some form o f  eddying e f fec t  which may be 
related t o  the meeting o f  currents due to  a t i da l  time lag. 

Another curious phenomenon i s  the presence o f  very regular g r i d  l ines across Fash Jarim, 
Fash A d h  and o f f  Tighaylib. These appear t o  be the resu l t  o f  petrochemical exploration using a 
magnatometer and i t  i s  the f i r s t  time that these features have ever been detected from s a t e l l i t e  
data. 

Perhaps one o f  the best uses o f  the false colour imagery, then, i s  the detection of these 
geological and sedimentary phenomena. These also serve t o  highl ight the current regime o f  the 



area as i s  inmediately apparent when f i r s t  observing the image. The di rect ion o f  flow around the 
north end o f  the island and between Saudi Arabia and the northwest o f  Bahrain, as well as around 
Fasht Adhm and south down in to  Dawhat Salwah, stands out very clearly. 

Interpretat ion of the habitat c lassi f icat ion image 

The overal l  accuracy o f  the c lassi f icat ion image was assessed by comparing the s a t e l l i t e  
predictions fo r  a known area with the on-site f i e l d  records f o r  that area. Over 235 f i e l d  s i tes 
were v is i ted  during the course o f  the survey. The s i t e  positions were given t o  ERSAC who then 
supplied the precise sate1 1 i te  predictions fo r  those areas. This actual/predicted s i t e  comparison 
showed the method to  be extremely rel iable, returning a s a t e l l i t e  accuracy o f  between 87% and 
93%. Real ist ical ly,  the to ta l  accuracy across the image i s  probably s l i g h t l y  less than th i s  as 
the survey s i tes were or ig ina l ly  chosen fo r  ecological rather than s ta t i s t i ca l  reasons and are, 
therefore, not representative o f  the whole image area. Despite this, most o f  the unsurveyed areas 
would have fa l len  in to  a I k e p  watere category and the to ta l  image accuracy can be estimated as 
being greater than 80%. 

The habitat c lassi f icat ion image has c lassi f ied 100% o f  the scene. ~ h a t * s h o u l d  be 
remembered i s  that 20-25% of  th is  c lassi f ied image represents deeper water (>12-14 metres). This 
does not present a problem when extrapolating t o  the f i na l  habitat map as the bottom types i n  
these deeper waters are generally well known and probably o f  less significance from the point o f  
view o f  protection as they are outside o f  the sphere o f  industr ia l  influence. 

There i s  a pattern o f  close correlat ion between depth contours and habitat predictions which 
i s  a logical  one. I n  fact, because o f  the turbid waters i n  the area and the generally shallow 
nature o f  these waters, the majori ty o f  the habitat types do tend t o  be closely correlated with 
depth. This i s  probably true o f  most coastal c m n i t i e s ,  bearing i n  mind the i r  dependence on 
primary productivity. But i n  these part icular waters, where benthic productivi ty has been shown 
t o  be so much more important than phytoplanktonic productivity, t h i s  s i tuat ion w i l l  be even more 
exaggerated. The dist r ibut ion o f  the seagrass beds with respect t o  depth 1 imitations has already 
been discussed i n  a previous section, suf f ice t o  say that i t  i s  t he i r  very dependence on sunlight 
f o r  photosynthesis, along with the high levels o f  suspended sediment reducing l i g h t  penetration, 
that helps t o  cause th is  depth-dependence. The grass beds are also substrate-dependent and th i s  
can also be related t o  depth. I n  areas where they are not recorded ei ther  i n  f i e l d  observations 
o r  on the c lassi f ied map i t  i s  often due t o  the fact  that the substrate i s  not suitable. On the 
west coast the depth o f  sediment inshore i s  too th in  t o  support seagrass. It i s  not u n t i l  the 6-7 
metre mark that there i s  su f f i c ien t  substrate and a t  t h i s  depth out t o  12-14 metres the grassbeds 
are p ro l i f i c .  It can be seen, i n  fact, that seagrass does not fol low bathymetry per fect ly  by 
comparison o f  areas c lassi f ied as seagrass. Around Tighayl ib, Mutarid and Hashtan the colour code 
f o r  seagrass stretches from 2 metres down t o  14 metres when compared with local hydrographic 
charts. I n  other areas i t  i s  restr ic ted t o  between 3-6 metres and between 8-12 metres depending 
on substrate types. So, the general trend i s  f o r  substrate c lassi f icat ions t o  fol low the contours 
o f  bathymetry, which can be seen t o  be ref lect ion o f  depth and substrate-related dependence. 

The c lassi f icat ion o f  'Rock/Rock with Sand* seems t o  represent very shallow, almost 
i n te r t i da l  areas with t h i s  substrate type (i.e. 4 . 5  metres deep). the black 'Land* areas 
represent extremely shallow (i.e. c0.5 metre) probably mostly i n te r t i da l  areas and dry land. Once 
again the 'Rock/Rock with Sand' c lassi f icat ion can be seen t o  be depth-dependent. Exposed rock i s  
a rare habitat subtidal ly due t o  the high levels o f  sediment i n  the water column. It i s  only i n  
the i n te r t i da l  and very shallow waters that i t  w i l l  remain exposed, mainly due t o  the e f fec t  o f  
wave action. Even i n  these areas i t  may support a t h in  veneer o f  sand. 



To the south o f  the image there i s  a very sharply defined edge between mud, seagrass and 
algae o f f  the coast o f  Un Janan. A similar sharp edge can be seen o f f  the south-uest coast o f  the 
mainland between sand and seagrass before dropping away i n to  deep water. Inspection of the 
bathymetry on hydrographic charts reveals that these two areas do, i n  fact, have qui te a steep 
gradient moving west. It i s  possible that t h i s  may be a r e l i c  o f  e i ther  an o ld  h i s to r i c  shoreline 
o r  i t  could be a re f lec t ion  o f  a down-faulting episode which occurred i n  Dawhat Salwah several 
thousand years ago. 

The submerged dune structures i n  the southern Gulf o f  Bahrain and Dawhat Salwah, that were 
apparent i n  the fa lse colour image, are equally obvious i n  t h i s  c lassi f ied image due t o  the 
presence o f  seagrass on the tops o f  these structures. These appear t o  extend r i g h t  across the 
southern edge o f  the image but th is  may be noise from the banding effects o f  the s a t e l l i t e  imagery 
and would need f i e l d  veri f icat ion. 

The c lassi f ied image i s  even more accurate than the fa lse colour image i n  picking up areas 
o f  reefs and shallow waters. I n  a number o f  cases on the image reef structures are qui te c lear ly  
defined where local bathymetry charts only have them marked as a spot-position o f  @Shallow 
waters'. I n  the south-east area o f  the image, t o  the north o f  the Hawar islands and south-east of 
Mutarid, i s  an area that i s  shown on the most recent bathymetry charts as 6 spot-depths o f  between 
2.0-2.5 metres. On the c lassi f ied image th i s  area represents a s igni f icant  sand bank which f i t s  
qui te accurately over the spot-depths and gives a defined shape t o  an otherwise obscure shoal. 
For t h i s  reason both the False Colour and the Habitat Classif icat ion images have been carefu l ly  
studied by the Ministry o f  Housing, Survey Directorate's Hydrographic Section f o r  inclusion of 
such deta i ls  on the i r  bathymetric charts. 

To the north o f  t h i s  the c lassi f ied image predicts another sand shoal and careful inspection 
o f  the hydrographic charts shows a l i n e  o f  three spot-depths o f  between 1.8-2.4 metres i n  waters 
otherwise 5-6 metres deep, once more proving the accuracy o f  t h i s  imagery. I n  both cases the 
shoals appear as 'ghosts' on the false colour image. 

Therefore, not only does the c lassi f ied imagery predict habitat types wi th exceptional 
accuracy but i t  would also appear t o  be major a id  t o  bathymetry and the potential  f o r  such 
hydrographic applications may be much greater than this. 

CONCLUSIONS 

The habitats 

From the previous description o f  the shores o f  Bahrain and i t s  islands and with the further 
de ta i l  encompassed wi th in the Bahrain Marine Habitat Survey report i t  was possible t o  categorise 
the i n te r t i da l  habitats. I t  i s  noticeable that several shores appeared under more than one 
category due to  habitat overlap. For the same reasons no attempt has been made to  ident i fy  
habitats using cluster analysis techniques. Whilst these methods might separate the obvious (e.9. 
mangrove from rock) i t  i s  unl ikely that they would be able t o  del imi t  grades o f  mixed sand and 
rock biota. 

When a11 the data returns have been received from the various taxonomic consultants i t  may 
wel l  prove useful t o  undertake a cluster analysis not so much t o  ident i fy  habitat types as to  
investigate faunal/ f loral connwnity types. As with some o f  the subtidal habitats i t  may be the 
case that a mixed habitat supports a s igni f icant ly  d i f fe rent  community t o  those communities found 
i n  the various component habitats (i.e. rock with a sand veneer may w e l l  support a d i f ferent  
b i o t i c  comnunity than would be the case i f  one was simply t o  add together the two connwnities 
associated with rock and sand respectively). 



A l i s t  o f  those habitats already modified by human agency ranging from o i l  o r  sewage 
pol lut ion t o  i n f i l l  and the modification o f  natural habitats was also included i n  the report. 
Examination o f  detailed s i t e  data shows that such perturbation has been greatest along the north 
coast o f  Bahrain, t o  such an extent that i t  i s  not possible t o  f i nd  any example o f  an unmodified 
shore. Undisturbed shores were usually found t o  the south and west o f  Bah,rain and on offshore 
islands, par t icu lar ly  the Hawar group. 

For t h i s  reason i t  i s  necessary to  use caution i n  defining the ef fects o f  the north-south 
sa l i n i t y  gradient on in te r t ida l  biota. The rocky shore algal d ivers i ty  appears to  be highest i n  
the Hawar islands where sa l in i t ies  ranged from 48 t o  50 o r  more. Similar clean rocky habi tas were 
absent i n  the north o f  Bahrain where sa l i n i t i es  were a t  the i r  lowest (42). Certainly on the west 
coast o f  Jazirat Hawar eu l i t t o ra l  c m n i t i e s  were dominated by a single tunicate species. 
However, th is  may simply re f lec t  the admixture o f  sand and rock a t  these sites. 

Higher sa l i n i t y  ranges are probably responsible f o r  the sparse biota found on so f t  substrate 
shores i n  the Hawar island group. P i r ine l la  conica i s  an excellent indicator o f  s a l i n i t y  stress 
and i t s  appearance as a replacement f o r  Cerithidea cingulata may be taken to  show that sa l i n i t y  
levels are too high fo r  most o f  the typical sand and mud biota. Thus, sa l i n i t y  levels may w e l l  
explain the absence o f  the mangrove, AAcennia marina, fm otherwise suitable s i tes i n  these 
islands, a1 though there i s  some uncollaborated evidence that very reduced stands of mangrove may 
have once existed on the bays on the east coast o f  Hawar and that a few plants may s t i l l  be 
struggling t o  survive there. It i s  worth noting that E. conica also dominates c m n i t i e s  i n  the 
A1 Jasrah area where raised sa l in i t ies  are an important feature. 

Despite perturbation, the lower shore and imnediate sub1 i t to ra l  regions around Bahrain are 
zones o f  high productivity with macroalgae, seagrasses and cyanophytes a l l  contr ibut ing t o  food 
webs supporting commercial f i sh  and shrimp species. The importance o f  benethic rather than 
planktonic primary productivi ty i n  the waters around Bahrain has been ident i f ied  i n  previous 
studies (Price e c . ,  1984; Vousden, 1985) and i s  a research area that i s  cer ta in ly  i n  need of 
further attention. There i s  growing evidence that these habitats are essential t o  some stages i n  
the l i fe-cycles o f  many comnercial species. 

Remote Sensing Techniques 

Af ter  analysis of the data returns from th is  tehchique, the accuracy was shown t o  be 
extremely good and i t  i s  safe to  say that one can re1 iably predict the average habitat type fo r  
any one area around Bahrain. However, i n  the process o f  a r r iv ing  a t  such a re l iab le  method, many 
problems had to  be solved. I n  retrospect the whole process could be undertaken more economically 
both f inancia l ly  and from the point o f  view o f  man-hours. I n  th is  respect, there are a number of 
lessons t o  be learnt from th is  study as w e l l  as observations that can be made i n  hindsight, which 
may be o f  use to  people wishing to  develop th i s  technique fo r  the i r  own use. 

Any reduction i n  discrepancies i n  posi t ion-f ix ing must be an advantage and the use of more 
accurate positioning gear, such as a trisponder network, should be a consideration. This would 
reduce on-site posit ion error t o  a few metres a t  most. However, th is  has t o  be considered i n  
d i rec t  re la t ion  to  the increase i n  cost. Furthermore, such expenditure may be considered 
unnecessary as pin-point accuracy i s  not essential f o r  a general habitat survey (a seagrass bed i s  
not rea l ly  a seagrass bed i f  i t  only covers a couple o f  square metres!) Where the accuracy i s  
necessary i s  f o r  'proving' the s a t e l l i t e  predictions. To th i s  end, a reduction i n  the RMS 
(geometric correction) error on the s a t e l l i t e  image would be an advantage. The best way o f  
achieving th is  i s  with a re l iab le  network of ground-control points. 



One o f  the or ig inal  mistakes made during th is  survey was t o  conmission the habitat 
c lassi f icat ion image based on poor ground-truthing data i.e. before suf f ic ient  data was available 
on which the computer could base i t s  habitat prediction. The or ig inal  intention was t o  use the 
s a t e l l i t e  imagery t o  select the field-sites, but i t  became obvious that th is  approach was the 
wrong way around. As a result, the f i r s t  habitat c lassi f icat ion image only c lassi f ied between 
10-151 o f  the or ig inal  area which, although o f  some use i n  s i t e  selection, f e l l  f a r  short of 
or ig inal  expectations. This was rec t i f i ed  by ERSAC's generous agreement to  re-run the habitat 
c lassi f icat ion a f te r  the field-survey and based on i t s  results. This produced the s igni f icant ly  
more accurate second image from which to  create the f i na l  habitat maps. 

To achieve good ground-truthing data, therefore, one should select good examples of 
high-cover, widespread, habitat types. To feed the computer re l iab le  examples of, say seagrass 
distr ibut ion, one needs to  ident i fy  a number o f  good s i tes supporting 60% (or greater) cover o f  
seagrass stretching over as large an area as possible with as few interruptions by other habitat 
types as possible. Some examples o f  borderline habitat types may also be useful f o r  accuracy 
assessment ( i  .e. low percentage cover seagrass tending over a mud-type habitat). 

It i s  quite probable that the more habitat types one t r i es  to  squeeze out o f  the imagery, 
the more l ikel ihood there i s  o f  c lassi f icat ion overlap as was the case i n  some places between 
seagrass and algae. It i s  ref lect ion on the r e l i a b i l i t y  o f  t h i s  method that the computer d id seem 
capable o f  distinguishing between f ine  sand, mud and s i l t  with reasonable accuracy, a d ist inct ion 
that i s  often missed i n  the f i e l d  by the eye o f  the human observer. I t  should be pointed out that 
a certain amount o f  balancing i s  necessary t o  achieve the best possible accuracy. Often the 
accuracy o f  one habitat type has t o  be sacrificed i n  order t o  gain a better understanding o f  the 
d is t r ibu t ion  o f  another, less well-known habitat. This was the case with the f i na l  image produced 
fo r  t h i s  study i n  which the seagrass c lassi f icat ion to  the north-east o f  the image was sacri f iced 
i n  favour of the algal classif icat ion. During the generation o f  th is  image several d i f ferent  
expansions and contractions o f  training areas were attempted to  try and rec t i f y  this. However, i t  
became apparent that i t  was not possible to  achieve a superlative degree o f  accuracy fo r  both 
these classif icat ions. The sacr i f ice o f  some o f  the dist r ibut ion data on the seagrass habitats 
was considered jus t i f i ed  i n  the l i g h t  o f  the considerable information already known about th is  
habitat type and i t s  distr ibut ion. 

One should also bear i n  mind that the penetration o f  l igh t ,  and hence the depths a t  which 
the s a t e l l i t e  can 'seea the benthos, w i l l  be unpredictable and certain to  vary from one 
geographical area t o  another mainly due to  water c la r i ty ,  but also probably affected by sa l i n i t y  
and temperature. 

Having created a re l iab le  habitat classif icat ion image, the next step i s  the production o f  a 
series o f  charts showing not only the dist r ibut ion o f  the various marine habitat types around 
Bahrain, but also incorporating information stored i n  the database, and identi fying areas o f  
vulnerabi l i ty, habitats o f  specific importance t o  conroercial f ishery species such as shrimp, pearl 
oysters and f in - f i sh  and to  endangered or  threatened species such as the Ougong (Seacow). 
Following on from th is  we w i l l  be able t o  select areas requiring protection or special management 
considerations. Furthermore we are now i n  a position to advise the government and local industry 
on the s i t i n g  o f  new developments and any necessary precautionary measures that we feel should be 
taken in to  consideration. But o f  equal importance and returning t o  one o f  the or ig inal  specif ic 
drives behind th is  survey we are now able to  s tar t  selecting rea l i s t i c  monitoring areas. This 
must now be one o f  our p r i o r i t i es  especially i n  view of the continuing emphasis that local 
industry and government are placing on coastal development. But perhaps o f  equal p r i o r i t y  now i s  
for Bahrain to  develop a rea l i s t i c  and effect ive legis lat ion i n  order to execute i t s  management 
pol icies and conservation requirements. 



The information made available from the s a t e l l i t e  imagery, extrapolated to  a series of 
charts and used i n  conjunction with an accurate, f l ex ib le  comprehensive database should give us a 
considerable advantage i n  protecting the f rag i le  and f i nel y-balanced environment i n  these waters. 
Bahrain i s  moving ahead to consolidate a national conservation strategy. Already we have 
designated the main area o f  mangrove as a protected marine reserve and i t  i s  hoped that such 
protection can be extended to other sensitive areas such as some o f  the offshore islands. 

I n  conclusion, we are now convinced that basic coastal and shallow water habitat predict ion 
by remote sensing i s  a potent ia l ly  viable and accurate technique. The development o f  more 
sophisticated remote sensing platforms with improved data reception f a c i l i t i e s  and greater 
resolution should provide the potential f o r  better accuracy i n  projects o f  t h i s  nature. 
Hopefully, with further research i n to  the use o f  sa te l l i tes  fo r  coastal planning and management, 
i t  should be possible to answer some o f  the questions ar is ing from th is  survey and ref ine what 
amounts t o  a very useful and time-saving method o f  mapping the shallow coastal seas. 

With the generation o f  further imagery o f  t h i s  nature from other areas and countries using 
remote sensing i t  w i l l  be possible t o  bu i ld  up a clearer understanding o f  i t s  l imi tat ions and i t s  
f l e x i b i l i t i e s .  I n  any case the feas ib i l i t y  o f  using such remote sensing fo r  marine environmental 
research and monitoring would now seem to be beyond dispute. 

RECOMMENDATIONS 

The following comprises a complete l i s t  o f  the recommendations that were made i n  the Bahrain 
Marine Habitat Survey report. 

The selection o f  marine monitoring s i tes and coastal areas requirinq protection 

The selection o f  fixed, marine environmental monitoring s i tes fo r  the regular measurement of 
water qual i ty, currents and biological characteristics must be placed a t  the top o f  the p r i o r i t i e s  
l i s t .  This remains as the major impetus behind the need fo r  i n i t i a t i n g  the Marine Habitat Survey 
o f  Bahrain i n  the f i r s t  instant. It i s  hoped that with the wealth o f  information now available 
such monitoring and conservation s i tes can be selected i n  confidence on the basis o f  meaningful 
and s igni f icant  results. Although monitoring s i tes were i n i t i a l l y  set up during the f i r s t  
ecological survey o f  the coastal waters o f  Bahrain (Price & fl., 1984) i t  has since been 
recognised that environmental marine monitoring can only be ef fect ive i n  the presence o f  re l iab le  
and widespread baseline data (Vousden, 1985). Before al locating areas such as monitoring sites, 
marine reserves or  parks i t  i s  necessary t o  achieve some knowledge o f  the d i f fe rent  habitat types 
available, the i r  relationship both to  each other and t o  the chemical and physical parameters 
contro l l ing the i r  distr ibut ion, as well as a f i rm  understanding o f  t he i r  biological 
characteristics (i.e. the i r  diversity, what species they support, any natural cycles i n  dominance 
or  species fluctuations, etc.). Only when armed wi th such background data i s  i t  possible t o  
select s i tes fo r  monitoring that w i l l  return information o f  significance t o  sc ient is ts  
endeavouring to  maintain the balance and well-being o f  the marine environment as a whole o r  t o  a id  
i n  selecting representative s i tes fo r  conservation. 

Representative si tes should be given protection, both to  preserve the i r  i n teg r i t y  as genetic 
reservoirs and t o  provide controls against which the ef fects o f  perturbation can be measured. The 
status o f  the mangrove habitat i n  Tubli Bay i s  c r i t i c a l .  Without imnediate protect ion the only 
example o f  t h i s  habitat i n  Bahrain w i l l  completely disappear together with i t s  associated biota. 



Tubli Bay i t s e l f  contains a r i c h  variety o f  she1 tered muddy and rocky shores and supports 
art isanal shrimp and f i n  f isheries as well as an algal harvesting industry. Tubli Bay has already 
l os t  most o f  i t s  highly-productive mangrove due t o  industr ia l  development despite having been 
shown previously t o  be o f  major importance to  local f isheries. Such c lassical ly  bad management o f  
natural resources should be avoided a t  a l l  costs i n  the future i f  they are to  survive. Further 
surveys have shown the existence o f  unique, subtidal rocky areas. Studies are now being conducted 
t o  establish the food webs between primary food sources such as seagrass, algae and mangal and the 
commercial f isheries species. The results can be used to  evaluate the e f fec t  o f  habitat 
deteriorat ion upon renewable b io t i c  resources. 

The Hawar island group presently enjoys an unof f i c ia l  'protected' status due to  the security 
restr ic t ions imposed on the main island. However, recent construction i n  the area may be having a 
deleterious ef fect  on this, one o f  Bahrain's unique collections o f  habitat types. The 
construction o f  a road across the mouth o f  one o f  the largest bays on the east coast o f  Hawar has 
closed o f f  the t i d a l  channel which could have disastrous effects on the inner bay f l o ra  and 
fauna. There i s  some evidence that the more remote coastal areas on the east side o f  Hawar could 
support mangrove. This has yet t o  be conf inned, but i f  found t o  be true would strengthen the need 
t o  protect th is  unique piece o f  Bahrain even more. Hawar, along with Tubli Bay, should be given 
o f f i c i a l  'protected' status whereby any further development work o f  th is  nature should be 
previously discussed with environmental and conservational experts. 

Research i n t o  seasonal changes i n  the biological environment t o  improve the ef f ic iency o f  the 
moni t o r i  ng proqrammes 

Seasonal changes i n  the biota a t  selected s i tes have been investigated i n  February and 
March o f  1986. The results o f  th is  winter season survey along with the main study undertaken i n  
the simmer reveals considerable annual variat ion i n  the coinmunity types supported by the various 
habitats. I t  follows from th is  that more detailed monitoring should be undertaken to  establish 
annual cycles o f  variation. An area o f  par t icu lar  concern here would be to  ident i fy  the cause o f  
the apparently cycl ic  morta l i t ies amongst the coral communities. This would clear up any exist ing 
controversy over whether these morta l i t ies have been induced by man-made stresses, such as 
dredging and reclamation, or are a resul t  o f  natural stresses such as temperature extremes. This 
sort o f  information i s  essential f o r  the accurate interpretat ion o f  data from the marine 
monitoring progranroe. 

The use of fur ther  Landsat imagery to  assist i n  the ident i f icat ion o f  seasonal variations i n  
habitats as well as supplying biological oceanographic data fo r  the whole area 

Having proved the accuracy of s a t e l l i t e  imagery and recognising i t  as a powerful a id  t o  
fast, economic f i e l d  data collection, i t  would undoubtedly prove worthwhile t o  employ th i s  method 
again to  assist i n  the understanding o f  the afore-mentioned seasonal variations i n  the marine 
environment. To th i s  end, i t  would be necessary t o  request a fly-over by Landsat 5 on a specified 
date i n  the simmer. Because o f  the need to  specify a date i n  the request, there could be a nmnber 
o f  advantageous spin-offs from such a project. By knowing which day the s a t e l l i t e  i s  t o  col lect  
the imagery data i t  would be possible t o  prepare several f i e l d  teams i n  boats whose objective 
would be to  col lect  real-time data from the waters around Bahrain on the same day. By using th is  
f i e l d  data t o  cal ibrate the data from the s a t e l l i t e  i t  would be possible t o  acquire valuable 
information on such parameters as sediment loads i n  the water column, temperatures and 
chlorophyll-a concentrations. Also, i t  would supply useful information about the capabi l i t ies o f  
penetration o f  the water column by the sate l l  i teas  sensors. Final ly, i t  would be o f  great use to 
hydrographic charting ins t i tu tes  as bathymetry can also be measured accurately using the available 
data. 



Further oceanoqraphic studies as a component o f  the marine monitoring p r o g r a m  

A detailed oceanographic survey o f  Bahrain's waters i s  currently underway. Further work i s  
essential i n  the area of oceanography part icular ly  water currents and water quality. Current 
meters have already been deployed a t  some si tes and the data returns from these are expected to  be 
very useful i n  the further analysis o f  temperatures, sa l in i t ies  and water movements around the 
islands. Turbidity and sedimentation are also areas o f  concern and deserve a study o f  the i r  own. 
Hopefully, such a project can be i n i t i a ted  i n  the near future and possibly be run i n  conjunction 
with research in to  the effects o f  dredging and reclamation. 

Ident i f icat ion o f  a l l  key species and the i r  d is t r ibut ion and tolerance levels 

I t  i s  clear that many species are close t o  the i r  thermal and sa l i n i t y  tolerance 1 imi t s  i n  
Bahrain. The present survey indicates that certain species are absent from the south o f  Bahrain 
and from the Hawar islands and that b io t i c  d ivers i ty  probably declines as a resul t  of elevated 
sal in i t ies.  I t  i s  recumended that the sa l i n i t y  and temperature tolerance o f  key i n te r t i da l  
species be measured so that the i r  d is t r ibu t ion  and response to  art i f ic ial ly- induced sa l i n i t y  
changes (e.g. i n f i l l ,  dredging and any general coastal development impeding or  increasing water 
movement) can be predicted. I n  paral le l  t o  th is  work, further f i e l d  measurements o f  coastal 
sal in i tes and temperature trends around Bahrain would prove invaluable i n  improving the 
understanding already achieved from the data collected to  date. Such measurements are already 
underway i n  the form o f  a programme of  current meter deployment a t  selected s i tes around Bahrain. 

The ident i f icat ion o f  key species fo r  each habitat type i s  an important step towards 
monitoring the welfare o f  those habitats. A key species usually holds a posit ion o f  dominance 
within a comnunity because i t  i s  better adapted t o  surviving i n  the conditions which prevai l  over 
that comnunity. It is, therefore, obvious that any detrimental changes wi th in that community as 
might result  from man-induced impacts are l i k e l y  t o  show up i n  the balance o f  dominance and, 
therefore, i n  the dist r ibut ion o f  the key species making them an important monitoring parameter. 
Furthermore, i t  has become apparent from the in ter t ida l  surveys undertaken during the course o f  
th is  study that certain f lo ra  and fauna, which are highly representative o f  the in ter t ida l  of 
other ROPME countries, are missing from Bahrain. The reasons for  th is  absence need identi fying as 
a further understanding o f  the stresses imposed on the local biota. 

Further studies into the parameters control l ing the dist r ibut ion o f  each habitat type 

We now have a much better understanding o f  the dist r ibut ion o f  the various marine habitats 
and what controls that distr ibut ion. However, to  provide a powerful advisory capabil i ty i t  i s  
necessary t o  understand the balance o f  contro l l ing factors fo r  each habitat and t o  what extent 
th is  balance can be disturbed before i t  becomes irreversibly unstable. 

The seagrasses are an obvious case i n  point. There appears to  be a very deliberate 
d ist r ibut ion o f  the three species with regard t o  depth, substrate and, possibly, sal in i ty .  The 
reasons fo r  th is  d ist r ibut ion are not f u l l y  understood but should not prove d i f f i c u l t  t o  elucidate 
using proper sc ient i f i c  analysis. The effects o f  such parameters as sal in i ty ,  temperature, depth 
and substrate type are o f  importance both fo r  advisory/protective purposes and fo r  the 
understanding o f  results from monitoring progranroes. For example, i f  one were not aware that 
certain species o f  seagrass tend to  die-back i n  the winter months i t  would be an easy mistake t o  
suspect a major man-induced impact was occurring within the environment. 



Research i n t o  the re la t ive  productivi ty o f  the various marine habitats around Bahrain 

Much has been discussed i n  the l i te ra ture  about the re la t ive  productivity of certain 
habitats. It i s  generally accepted that mangrove comnunities, seagrass beds and coral reefs are 
areas o f  c r i t i c a l  importance due t o  the i r  high productivity and diversity. However, there i s  an 
increasing body o f  opinion which feels that other habitats o f  less obvious importance nay, i n  
fact, be jus t  as productive i f  not more so. Certain areas o f  extensive, inter t idal ,  mud f l a t s  may 
well support as much primary productivi ty and as many juvenile commercial species as the mangrove 
and there i s  evidence available that subtidal sands can often display a r icher d ivers i ty  than the 
seagrass beds (Basson & al,  1977). This i s  an area that i s  now receiving attention. I f  such 
habitats such as in ter t ida l  mud-flats do indeed prove t o  be as important t o  the well-being o f  the 
environment, then the i r  protection should be given a pr io r i ty ,  especially i n  view o f  the fact  that 
i t  i s  these very areas that so often come under the bulldozer during reclamation projects. 

Analysis o f  the d i rec t  or  indirect commercial importance o f  each habitat type 

Each habitat type so fa r  ident i f ied should be assessed fo r  i t s  connercial importance, i.e. 
does i t  support a major f isheries species o r  i s  i t  an indirect contributor to  the food-chain o f  a 
comnercial species o r  does i t  support a stage i n  the life-cycle o f  such a species? A f u l l  
ident i f i ca t ion  o f  the key species goes a long way towards answering such a question, but further 
studies are also underway within the planktonic component o f  the environment as well as a more 
detailed approach t o  understanding the various l inks i n  the food chains. 

Study o f  new areas which may prove t o  be highly productive 

The above may also be true o f  certain areas which have yet to be studied fo r  l a te r  inclusion 
i n  the Habitat Survey. These include certain old, h is tor ic  beach formations i n  the subtidal o f f  
the west coast o f  Bahrain. Some o f  these show re la t ive ly  steep prof i les on the local charts and 
on echo-sounder and local fishermen consider them t o  be very productive a1 though they often have 
d i f f i c u l t y  i n  locating them. 

Further north, well out i n to  the Exclusive Economic Zone allocated to  Bahrain, there are 
certainly areas o f  importance. These include the pearl-oyster beds which are presently undergoing 
a study with a view t o  re-exploiting the i r  commercial potential. Also i n  the same area are coral 
reefs and one, i n  particular, i s  proving t o  be o f  some interest. This i s  Abu ath Thamah some 90 
kilometres north north-west of Ruharraq. With respect to  quality, th is  reef appears t o  be i n  a 
much better state than those further south around Bahrain. The water here i s  much clearer which 
probably accounts fo r  improvement i n  qua1 i ty. Most o f  the reef i s  i n  deeper water probably due t o  
the water c la r i ty .  Sal ini t ies, 
the deeper water, the coral i s  
an area which i s  used by the 
should the reefs further south 
studies o f  th is  reef should be 
reef complexes. 

although not yet measured, are l i k e l y  t o  be less. Also because o f  
more l i k e l y  t o  be buffered against temperature extremes. This i s  
local fishermen and also represents a potential re-seeding stock 
ever become impacted beyond the point o f  recovery. More detai led 
carried out i n  the near future as a comparison t o  our near-shore 

Research i n to  the harmful and beneficial effects o f  coastal development with a view t o  set t ing 
standards and advisinq on methodologies 

Once annual cycles o f  b io t i c  variat ion and production are established for  i n te r t i da l  habitat 
types, these can be compensated f o r  i n  any evaluation o f  the ef fect  o f  new coastal developments 
upon production and diversity. I t  i s  possible that marine construction such as harbours and 
marinas may actually enhance productivi ty provided water circulat ion i s  not impeded. 



Such construction often produces a wider range o f  habitats than or ig ina l ly  existed. The frequency 
o f  coastal development around the islands o f  Bahrain offers a unique opportunity f o r  study and 
research i n to  the establishment of new techniques and methodologies fo r  such development. These 
techniques and methods could be designed i n  such a way that not only would they incorporate a l l  
the best approaches fo r  imposing the least damage on the environment but they could also attfm". 
t o  improve the environment by creating new habitat types where none previously existed. I t  i s  
recomnended that surveys be conducted i n to  the b iota colonising such coastal developments and 
structures such as harbours and marinas so that the i r  impact may be evaluated. Studies should 
also be undertaken to  ident i fy  better techniques o f  l a n d f i l l  and reclamation with a view t o  
f u l f i l l i n g  those recomnendations l a i d  out above. Such studies should include d i rec t  measurements 
o f  the sediment plumes produced a t  the cut ter  head and a t  intervals down-stream along with 
analysis o f  the effects on down-stream b io t i c  c m n i t i e s .  Further studies i n t o  the problems of 
s i l t a t i o n  a t  the delivery end where the reclamation takes place would also be beneficial .  The 
need to  cut down on the volume o f  f i ne  sediments entering the water column i s  a p r i o r i t y .  Af ter  
evaluation o f  these problems i t  should be possible t o  develop standards f o r  inclusion i n  future 
leg is la t ive  policy. 

Research i n to  the potential f o r  habitat enhancement by a r t i f i c i a l  inducement 

The 'Oasis' effect of increased divers i ty  due t o  increased habitat niche, as described i n  
the main text  o f  the 'Habitat Survey' report, has important consequences with regard to  the 
poss ib i l i t ies  o f  habitat enhancement. The improvement o f  certain stretches o f  coast1 ine by 
careful development has been noted already with much evidence i n  the local environment o f  
increased productivi ty i n  such areas as marinas and around the Saudi-Bahrain causeway. Offshore, 
there are poss ib i l i t ies  f o r  a r t i f i c i a l  reefs t o  supplement the productivi ty o f  a mixed habitat 
(such as sand and rock) and the sum o f  the individual components as pure habitats may well prove 
the former t o  be o f  greater significance t o  the environment as a whole. The mangrove habitats 
which are presently under severe threat could be aided and enhanced by the creation o f  new 
mangrove i n  suitable areas. This would require research i n to  the i r  physical tolerance levels, 
substrate requirements, etc. 

Geological studies with the emphasis on sedimentoloqy t o  assist i n  the selection o f  s i tes  f o r  
coastal development 

Further studies i n to  the marine geology/geomorphology o f  the area would be valuable. A t  
present, most o f  the geological information fo r  Bahrain concentrates on the land wi th very l i t t l e  
study having been pursued beyond the i n te r t i da l  zone. Such a study would be useful not only as an 
a id  t o  habitat protection but also t o  the planners and coastal engineers. The d is t r ibu t ion  o f  
sediment types and the i r  transportation around the coast obviously has i t s  importance t o  those 
wishing t o  protect marine habitats, especially with regard t o  the effects o f  any physical changes 
i n  the environment and how these might be ref lected i n  the water column and benthos. But, i t  
should also be considered that any changes t o  the physical environment which cause a1 terations i n  
the d is t r ibu t ion  o f  sediment types and the i r  erosion, transportation and deposition may have 
drast ic effects on water qual i ty  vis-a-vis the local industries which require that water i n  the i r  
processes. I f  the reclamation o f  a certain area o f  coastline caused changes i n  local current 
regimes, these i n  turn might i n i t i a t e  changes i n  the balance between erosion and accretion o f  the 
coastline. The net effect o f  such changes could be a signif icant increase i n  suspended sediments 
adjacent t o  the water intakes o f  an important industr ial  concern. This i s  jus t  one example o f  a 
number o f  equally harmful scenarios which could occur. 

A detai led study of the local sediments would also be o f  use t o  those requir ing good 
high-grade, l ow-s i l t  deposits o f  sand f o r  reclamation purposes. This could para l le l  the interest  
o f  the environmental planners as they would be i n  a posit ion t o  recommend areas f o r  sand-winning 
well away from sensitive habitats. 



The regular monitoring o f  industr ial  input a t  source 

The continued monitoring o f  industr ial  input to  the marine environment i s  essential. This 
can be further improved by inclusion o f  data from the f ixed environmental monitoring s i tes which 
we are now i n  a posit ion t o  select. However, monitoring o f  the industr ial  sector i s  useless 
without some form o f  control and that i s  why i t  must become a p r i o r i t y  to  set f ixed standards o f  
discharge. 

The development o f  management pol i cy  and legis lat ion 

I t  should be realised, however, that no matter how much research has been done and how many 
recommendations have been made regarding the levels o f  pollutants entering the water column, the 
effects o f  coastal development, the need fo r  monitoring, the design o f  eff luent emission standards 
and the designation o f  protected areas, none o f  th is  i s  o f  any use whatsoever unless there i s  
Government legis lat ion t o  support it. I f  there i s  no legal backing from the Government to  enforce 
the implementation o f  rea l i s t i c  standards which support the protection o f  designated areas then an 
environmental protection agency as a government body i s  powerless. 

I n  order t o  undertake a coastal management strategy i t  i s  necessary t o  have a management 
pol icy which i s  both f lex ib le  enough to  assess each situation on i t s  own merit but f i rm  enough to  
i ns i s t  on conforming t o  standards when necessary. Often i t  i s  useful t o  develop an atmosphere o f  
productive compromise between the developers and industries and environmental body and th is  i s  a 
rea l i s t i c  approach. However, i n  the f i n a l  analysis the environmental body representing the 
Government needs to  have the capabil i ty t o  i ns i s t  on certain standards which i t  feels are beyond 
compromise. 
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MARINE COASTAL AREA OF KUWAIT - AN OVERVftW 

Environmental Sciences Department 
Kuwait Ins t i tu te  fo r  Sc ien t i f i c  Research, Kuwait 

ABS TRAC T 

An overview o f  the general meteorological, oceanographic, geomorphic and urban 
characteristics of the coastal area o f  Kuwait i s  discussed i n  the paper together with examples of 
potential  interact ion between these characteristics. The paper addresses four topics: ( 1) Basic 
characteristics o f  the coastal area; (2) Dist r ibut ion o f  urban density and potential  sources of 
pol lu t ion along the coastline; (3) Examples o f  human encroachment on the coastal environment; 
and (4) Potential impacts o f  pol lu t ion on subsequent human development and u t i l i z a t i o n  of the 
coastal area. 

INTRODUCTION 

The coastal area (a i r ,  water and land mass) i s  potent ia l ly  subject t o  d i f fe rent  
interactions, not only between these parameters, but also i n  regard t o  the human population 
inhabiting the area. The interact ion between these elements can be generally described as follows: 

1. A t  any par t icu lar  time, the natural environment w i l l  r e s t r i c t  man's capabi l i ty t o  
inhabit o r  exploit  the coastal area, depending on h i s  level o f  technological advance. 

2. Establishing a human settlement with a wide variety o f  ac t i v i t i es  causes cer ta in 
changes i n  the coastal environment . 

3. The combined action o f  the basic natural constraints and the patterns o f  human 
exploitat ion may eventually l i m i t  the s u i t a b i l i t y  o f  the coastal area fo r  cer ta in 
future developments. 

This paper uses Kuwait as an example t o  study these interactions by addressing three main 
topics: 

1. The basic environmental characteristics o f  the coastal area o f  Kuwait and the 
surrounding a i r ,  water and land mass. 



2. Urban settlements and examples o f  potential  human effects on the marine environment. 

3. Potential effects o f  the exist ing conditions on possible future development o f  the 
coastal area. 

I n  addressing these topics, i t  i s  inevitable that there i s  a bias towards using data 
generated a t  the Kuwait Ins t i tu te  fo r  Scient i f ic  Research (KISR), with which the author i s  most 
famil iar.  An attenpt i s  made, however, t o  use data from other sources whenever possible. 

BASIC ENVIRONMENTAL CHARACTERISTICS 

Atmospheric environment 

Seasonal variat ion i n  a i r  temperature, ra in fa l l ,  and water evaporation rates (Fig. 1) 
suggest an extremely a r i d  environment throughout most o f  the year, par t icu lar ly  i n  summer. This 
a r i d i t y  and the predominance i n  the area o f  northwesterly winds (Fig. 2) blowing from desert areas 
t o  the north and northwest of Kuwait s ign i f i cant ly  contribute to  a variety o f  suspended dust 
phenomena, ranging i n  intensity from mi ld haze conditions t o  severe dust storms. 

Available data suggest that levels o f  air-suspended solids and rates o f  dust f a l l - ou t  i n  
Kuwait are probably the highest i n  the world. Mean monthly concentrations o f  suspended sol ids may 
reach up t o  1400 yg m"3 i n  sunnier decreasing to  250 yg m-3 i n  winter (â‚¬P 1984). I n  
comparison, the primary a i r  qual i ty  standard for suspended solids i n  the United States was set a t  
75 pg m-3 annual average and 260 jq m-3 da i l y  average. A similar elevation i s  observed fo r  
dust fa l l -ou t  rates throughout the year although these rates vary with season and wi th location on 
the mainland, f o r  example, ranging from 5 t o  1250 tons month-I i n  1984 (EPO, 1984). This 
fa l l -ou t  i s  potent ia l ly  derived from a number o f  local and regional sources including local desert 
playa and coastal sabkha!' deposits, muddy sediments covering the lower Mesopotamian f lood 
plain, and other surface deposits i n  northern Kuwait and southern and western I raq (Al-Kadi & 
e., 1981; Khalaf and Al-Hashash, 1983; Khalaf e t  a1 ., 1985). 

Sabkha: a coastal f l a t  area 0.' clay, s i l t  o r  sand occurring jus t  above the level o f  the 
normal high tide. I t s  surface could be wet throughout the year (wet sabkha) or  dry during simmer 
(dry sabkha). 



Month 

Figure 1. Mean monthly evaporation rate. a i r  temperature and 
ra infa l l  (af ter  Al-Kulaib. 1984; Safar. 1985). 

Figure 2. Frequency of wind speed and direction a t  Kuwait International 
Airport, 1957-1973 (after  Al-Kulaib. 1984). 



A dust storm originating i n  the Mesopotamia region usually has a WSE axis (Fig. 3) and may 
travel a great distance over the northwestern part o f  the ROPME Sea Area. Unlike the s i tuat ion on 
land, where dust part icles are kept suspended by an equilibrium between processes o f  gravitat ional 
deposition and aeolian up l i f t ing ,  part icles se t t l ing  on water surfaces w i l l  be trapped and w i l l  
not be able t o  be up1 i f ted.  This causes a dust cloud advancing over a water surface t o  gradually 
se t t l e  with the quantity deposited decreasing by distance from the shoreline. Using a 
mathematical modeling technique, Foda & a1. (1982) estimated that dust storms deposit about 5 am 
yr-l a t  the I raq i  coast, about 2 mn yr^ 30 km o f f  the coast and about 1 mn yr-l 60 km off 
the coast; averaging over 200 krn o f f  the I raqi  coast, which includes the Kuwaiti coastal area, the 
sedimentation rates averaged 0.8 mn yr-l. An estimate o f  1 mn yr-l along the Kuwaiti coast 
was obtained by extrapolation from sedimentation rates measured on the mainland (Khalaf and 
AT-Hashash, 1983). These estimates are substantially higher than the average rate o f  dust 
deposition on the world's oceans, which range between and lo4 inn yr"l (Judson, 1968). 

Terrestr ial  environment 

The extreme a r i d i t y  o f  the local environment and the predominance o f  northwesterly winds 
also cause a W-SE migration o f  mobile sand from di f ferent  sand bel ts  on the Kuwaiti mainland 
(Fig. 4). O f  par t icular  significance t o  the marine environment, are the sand movements a t  Ras 
AI-Subiya and the southern coastal areas, which have been estimated t o  contribute a to ta l  o f  
20,000 and 170,000 I$ yr-l, respectively, t o  the marine environment (Foda & al ,  1984). 

Marine environment 

The Kuwait marine environment i s  generally shallow with broad f l a t s  to  the north, a gentle 
t o  steep shelf  slope along the southern coastline, and a re la t ive ly  deep trough i n  between 
(Fig. 5). The depth o f  the water column a t  the shoreline increases gradually with distance 
offshore i n  northern Kuwait Bay, but increases more rapidly along the southern coastline. Three 
coral islands (Kubbar, Qaru, Unn Al-Haradim) and several submerged coral reefs are also present i n  
the area. 

The sea f loor  i s  mostly covered with f ine  sediments (mud, s i l t ,  sandy mud), except along the 
coastline from Ras Ajuza to  the southern border where the sea f loor  i s  covered with sand, and 
except for a few locations i n  the Kuwait Bay trough, which are rocky i n  nature (Fig. 6). 
mineralogical and textural examinations o f  recent marine sediments suggest that the i r  main 
potential  sources, i n  approximate order o f  importance, are: (1) dust fa l l -ou t  originating from 
southern I raq and surface deposits o f  Kuwait, (2) abraded material from local coastline sediments, 
(3)  d i rec t  biochemical precipitat ion from seawater, (4) river-borne sediments from Shatt Al-Arab, 
and ( 5 )  submerged ancient sediments occupying the bottom o f  Kuwai t e s  offshore area (Al-Bakri & 
fi., 1984). 

High tides approach the Kuwait marine environment from the east. Tidal cycles a t  d i f ferent  
locations along the coastline occur i n  phase, but the i r  amplitude gradually increases towards the 
north. The generated t i da l  currents are the strongest currents i n  the local environment, with 
the i r  directions, i n  the near-coastal area modified by the coastal and bottom topography 
(Fig. 7) .  I n  general, water flowing i n to  Kuwait Bay during f lood tides moves successively i n to  
northwesterly, westerly and southwesterly directions, whereas the opposite occurs during ebb tides 
for water leaving the Bay (i.e., i n  northeasterly, easterly and southeasterly directions). 
Because o f  the i r  osci l la tory nature, however, t i da l  currents do not affect the net transport o f  
seawater-suspended materials. The l a t t e r  are affected by residual currents that are mostly 
generated by the interact ion o f  t ida l  currents with bottom topography, and which also constitute 



Figure 3. TV image of the dust storm structure over Mesopotamia lowland 
and northern ROPnE Sea Area (af ter  Vinogradov d.. 1973). 



Figure 4. Annual rates of  sediment transport i n  areas vulnerable 
to sand encoachuent i n  Kuwait (af ter  Foda gg at., 1984). 







an integral component of the residual current movement i n  the ROPNE Sea Area (Fig. 8). Residual 
currents may have dif ferent directions a t  the surface and bottomof a water column (Fig. & I .  The 
interaction o f  these currents with high rates o f  dust fa l l -out  and mobile sand encroachment 
indicate potential ly high rates o f  1 i t to ra l  sediment transport. 

The chemical and physical characteristics o f  seawater may vary with location and with 
season. Seasonal fluctuations i n  a i r  temperature, fo r  example, are accompanied by similar, but 
slower, changes i n  seawater temperature so that the former i s  higher than the l a t t e r  i n  simmer and 
lower i n  winter (Fig. 9a). Higher a i r  temperatures, higher evaporation rates and lack o f  r a i n f a l l  
i n  sunnier (Fig. 1) also cause seawater sa l i n i t y  t o  be higher i n  simmer than i n  winter (Fig. 9b). 
Sal in i ty  i n  winter i s  further reduced by a higher rate o f  fresh water inflow from Shatt AI-Arab, 
which i s  usually highest between December and April. 

Coastal environment 

Interactions o f  the atmospheric, te r res t r ia l  and marine environments exert the i r  effects on 
a l l  aspects o f  the coastal area including i t s  geamrphology and sedimentology. Khor Al-Subiya has 
a narrow muddy in ter t ida l  zone that i s  successively fringed land-uard by wet sabkha, dry vegetated 
sabkha and sand d r i f t s .  Met sabkha, dry sabkha and sand d r i f t s  also occupy the backshore a t  the 
northern side o f  Kuwait Bay and i t s  western corner. A broad and muddy in ter t ida l  f l a t  occurs 
seaward along these parts o f  Kuwait Bay as well as i n  Sulaibikhat Bay. Dry vegetated sabkha, 
active sand sheets and coastal sand d r i f t s  also occupy the backshore along the coastline south of 
Mina Abdullah, fringed seaward by a narrow rocky/sandy in ter t ida l  f l a t .  A similar in ter t ida l  f l a t  
occurs along the coastline from Shuwaikh port t o  Mina Abdullah, but th is  coastline i s  extensively 
modified landward by human construction and f i l l i n g  act iv i t ies.  

HUMAN SETTLEMENTS AND POTENTIAL HUMAN EFFECTS 

Human settlements 

The extensive a r id i t y  o f  the land and the lack o f  agricultural resources t rad i t iona l ly  
forced people o f  Kuwait t o  concentrate on the coastal zone. Among other factors, the coastal 
geororphology was instrumental i n  forcing them t o  se t t le  i n  part icular locations. The extensive 
sabkha and in ter t ida l  mud f l a t s  t o  the west and north o f  Kuwait Bay, fo r  example, prevented and 
continue t o  prevent urban occupation o f  these areas. Today, the urban population o f  Kuwait i s  
concentrated along the southern coast1 ine o f  Kuwait Bay between Jahra and Ras Al-Ardh, and extends 
southward along the coastline t o  Fahaheel. The area i d i a t e l y  south o f  Fahaheel i s  occupied by 
the enlarged Shuaiba Industr ial  Area and other industries, whereas only the coastal s t r i p  o f  the 
area further south i s  inhabited, mostly by private beach houses. 

The coastal area between Jahra and Shuaiba receives the majority o f  urban waste and 
industr ial  effluents: four oil-loading terminals a t  Shuaiba; petrochemical and other industries a t  
Shuwaikh and Shuaiba; power plants a t  Doha, Shuwaikh and Shuaiba; and numerous storm water/sewage 
out fa l l s  throughout the area. The area between Ras AI-Zor and Al-Khiran i s  also becoming 
increasingly populated, now having an o i l  loading terminal, two power plants, and a large 
recreational complex. These human ac t i v i t i es  af fect  the nearby coastal environment , fo r  example, 
by introducing various organic and inorganic pollutants. The following are examples o f  potential  
human effects on the environment. 







O i l  pol lut ion 

The majority o f  o i l  s p i l l  incidents i n  Kuwait occur near oil-loading terminals a t  Shuaiba 
and, to  a lesser extent, a t  Ras Al-Zor (Fig. 10). These sp i l l s  and harbour act iv i t ies a t  Shuuaikh 
and Shuaiba contribute to the spatial distr ibution of petroleum hydrocarbons i n  marine sediments 
(Fig. 11). Together with the direction o f  the surface residual currents (Fig. 81, the frequency 
of these spi 11s contributes to the IOM beach tar density a t  Ras AI-Ardh and a gradually increasing 
density towards Ras Al-Zor, uhere the highest tar ba l l  densities are usually observed (Fig. 12). 
These sp i l l s  may also affect the biota i n  the region. For example, levels of petrolem 
hydrocarbons i n  oysters (Pinctada mamaritifera) a t  Hina Abdulla were about ten times higher than 
at  any other location studied (Al-Hassania, Finaitees, Fintas, Ras Al-Zor, Ras Bard Halq; 
Anderlini &. aJ., 1981b). 

Industrial pollut ion 

Oyster sanples ere also analyzed for  polychlorinated biphenyls (PCBs). These are synthetic 
organic compounds that do not naturally occur i n  the environment. Results of analyses showed that 
the highest concentrations i n  oysters occurred a t  Hina Abdulla (71 ng g-l dry w igh t )  because of 
the heavy industrial act iv i ty  i n  that location. Furthermore, PCB's concentrations i n  oysters at  
locations north of Hina Abdulla were higher (29-38 ng g-l) than a t  locations to  the south 
(3.8-5.2 ng g-l). This i s  probably due t o  an additional contribution f ro  domestic waste and 
storm water discharges to the north of Hina Abdullah. 

Industrial effluents may also contain inorganic pollutants. For several years, for example, 
a sal t  and chlorine plant a t  Shuuaikh was believed to contribute significant quantities of mercury 
to  the nearby marine environment. Results o f  water, sediments and biota analyses (Fig. 13) 
indicated a localized source o f  mercury pollution i n  that area. Discharges from this plant have 
recent 1 y been stopped. 

Power plants 

Power plants may produce a variety o f  chemical pollutants i n  addition to thermal pollution. 
For example, halonethanes are produced by the reaction of hydrocarbons i n  effluent seawater with 
chlorine that i s  added as a biocide to  k i l l  marine biofouling organisms. Halmethanes thus 
produced are discharged with the effluent seauater in to  the receiving uater bodies where they may 
exert negative environmental effects. Their dissipation away from the discharge outlet w i l l  be 
controlled i n  part by the prevailing currents ( A l i  and Riley, 1986). For example, dissipation of 
halonethanes at  the Shuuai kh power plant seemed to  be more enhanced by ebb t ide conditions than by 
flood t ide conditions (Fig. 14). 

Atmospheric fa l lout 

The atmosphere i s  an important medium affecting the transport o f  pollutants away from urban, 
industrial or  agricultural areas. Pollutants may be emitted direct ly into the atmosphere (e.g., 
from industrial emissions or aerial application of  pesticides), or they may be i n i t i a l l y  deposited 
on land surfaces'from which they are picked up either by volati l ization or particulate aeolian 
upli f t ing. 

The potential for  atmospheric transport o f  pollutants i n  th is area i s  enormous because of 
the high a i r  temperatures, extreme aridity, and the frequent occurrence of dust storms. Processes 
affecting the aeolian transport of particulate matter (Fig. 15) may affect the transport of 





Figure 12. Distribution of t a r  ba l l  density along the coastline of Kuwait: 
(A) Anderlini and Al-Hanni (1979). (8) Anderlini g a\_. . (1981a). 
(C) Li terathy a}. . 
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Figure 14. D is t r ibut ion o f  h a l m t h a n e s  ( p g  1-I1 i n  seawater o f f  Shuwaikh during the ebb 
(a )  and flood (b)  phases o f  the t i d e  ( a f t e r  A l l  and Ri ley ,  1986). 





pre-contaminated so i ls  from the urban and industr ial  centers o f  Kuwait t o  the marine environment. 
Contaminants i n  these so i ls  may be derived from a variety o f  sources, f o r  example, lead from car 
exhaust emissions. Levels o f  lead i n  local soi ls  have been found t o  be higher i n  the immediate 
proximity o f  a busy street than i n  so i ls  only a few meters away (Zarba e t  a1, 198Sb). However, 
lead and other pollutants may also enter the marine environment from more distant sources, f o r  
example, pesticides from agricultural lands i n  the Mesopotamian region. 

EFFECTS OF EXISTING CONDITIONS ON FUTURE DEVELOPMENTS 

The basic environmental requirements o f  coastal developments may vary. Offshore 
aquaculture, f o r  instance, requires su f f i c ien t ly  deep water, good water qua1 i ty, and reasonably 
strong currents. A power plant requires a large quantity o f  in f luent  seawater, e f f i c i en t  water 
c i rculat ion patterns, and remoteness from certain sources o f  pollution, f o r  example, o i l  spi l ls .  
A recreational beach should be clear o f  t a r  balls, odors, f loa t ing  garbage, pathogenic organisms, 
o r  toxic substances. Therefore, decisions regarding the s i t i n g  o f  these o r  other ac t i v i t i es  
should take i n to  consideration both the basic environmental characteristics o f  the area and the 
d is t r ibu t ion  o f  human density and ac t iv i t ies  along the coastline. 
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ABSTRACT 

This paper considers aspects o f  recent marine habitat surveys, part icular ly  i n  the ROPRE Sea 
Area o f  Saudi Arabia, as well as i n  the Saudi Arabian Red Sea. Emphasis i s  given t o  the range of 
methods used t o  characterise d i f ferent  habitats, from the use o f  Thematic Mapper (TM) s a t e l l i t e  
imagery t o  quantitative i n-si t u  observations on habitat biota. Included are semi q u a n t i  t a t i  ve 
techniques, whose value i s  becani ng increasingly recognized as a means o f  assessing extensive 
tracts o f  coastal habitat. Selected results on habitat characteristics and dist r ibut ion are also 
given to  i l l us t ra te  the methodology used. I n  addition, the use o f  habitat and other resource 
information i n  coastal planning and management i s  highlighted, and includes a b r i e f  discussion o f  
databases and habitat maps. The paper i s  concluded by consideration o f  habitat ecology, 
part icular ly  those aspects which are o f  relevance to  coastal management. 

INTRODUCTION 

Countries bordering the ROPNE Sea Area and Red Sea value development as a means o f  enhancing 
the prosperity, dignity and we1 1 -being o f  the i r  people. Managed development and environmental 
planning are seen as the approach for  the future, and are among the key elements o f  ongoing 
national and regional development plans. Within th is  context, maintenance o f  coastal and marine 
resources i s  o f  fundamental importance not only to  coastal people, but t o  v i r t ua l l y  the ent i re 
population o f  the region. Fishery products and drinking water from desalination plants are but 
two examples o f  renewable resources that are o f  major significance t o  coastal and inland people 
alike. I n  addition, the coastal environment i s  now o f  very great recreational value. These and 
other renewable coastal and marine resources can be u t i l i sed  or enjoyed from one year t o  the next 
only i f  managed on a sustainable basis, f o r  example i n  the context o f  a national o r  regional 
coastal zone management programme. 

Marine habitats occupy v i r t ua l l y  the ent i re in ter t ida l  and subtidal zones o f  a coastal 
area. Together with thei r  associated plant and animal species, habitats provide a renewable 
resource base o f  appreciable d ivers i ty  and value. Knowledge o f  marine habitats i s  therefore o f  
fundamental importance to  coastal resource management (IUCN, 1980; Salm and Clark, 1984). As 
such, habitats can be usefully regarded as ecological 'foundation stonese. A l l  coastal and marine 
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species depend ult imately on habitats fo r  the i r  occurrence. Habitats and associated biota are 
o f  ten termed biotopes, which interact ui t h  one another t o  form integrated ecosystems. 

Certain coastal and marine habitats are considered t o  be ' c r i t i ca l '  (IUCN, 19761, and nay be 
more important than others i n  sustaining the renewable nature o f  natural resources. Examples of 
c r i t i c a l  marine habitats are mangroves and other coastal vegetation, coral reefs and seagrass 
beds. The at t r ibutes o f  c r i t i c a l  habitats include: high productivity, o r  a source of nutrients 
and productivi ty f o r  adjacent areas; areas part icular ly  r i c h  i n  species and areas essential f o r  
conservational interest, and areas o f  special sc ien t i f i c  interest. 

During resource assessment studies, attention often focuses on c r i t i c a l  marine habitats. 
However, a l l  habitats and species must contribute i n  some way t o  the overall in tegr i ty  o f  a 
region, such as the ROPRE Sea Area, o r  the Red Sea. Future research may well reveal some 
ecological o r  other value of  the seemingly less ' c r i t i c a l m  habitats (e.9. sand beaches, subtidal 
and mud and even a r t i f i c i a l  structures). Accordingly, these resources should not be completely 
disregarded, misuti 1 ised o r  destroyed, but instead safeguarded fo r  possible future use. 

This paper aims t o  summarise aspects o f  recent studies conducted on c r i t i c a l  and other 
marine habitats i n  Saudi Arabia, pr inc ipal ly  i n  the ROPRE Sea Area (IUCN, 1987a; Price e t  al., 
1987a). but also i n  the Red Sea (Oawson Shepherd and Ormond, 1987, IUCN, 1987). The information 
presented here i s  based pr inc ipal ly  on these works. Emphasis i s  given t o  the methodology used t o  
assess and characterise the di f ferent  habitats. 

The information obtained on habitats (and other coastal resources) provides the context and 
set t ing fo r  identi fying conf l ic ts and compatibil it ies between the various resources (e.g. 
habitats) and resource uses (e.9. fishing, ports and urban developments). I n  th i s  way, managers 
and decision makers can ident i fy  key areas, issues and p r i o r i t i e s  fo r  planning and management. 
The investigations were undertaken by the Meteorology and Environmental Protection Administration 
(HEPA) o f  Saudi Arabia i n  collaboration with the International Union fo r  Conservation of Nature 
and Natural Resources (IUCN) and consultants from York University's Tropical Marine Research Unit 
(THRU). Together, they form the basis o f  an overall National Coastal Zone Management P r o g r a  
fo r  Saudi Arabia (REPA/IUCM, i n  preparation). 

RESULTS AND DISCUSSION 

Summarised below are some o f  the methods used t o  assess and characterise shallow water 
habitats during recent studies i n  the R O W  Sea Area and the Red Sea. Consideration i s  also given 
t o  the overal l  approach. The results o f  the study are not given i n  detai l ,  except as a means of 
i l l u s t r a t i n g  the survey methodology. 

Biophysical features o f  habitats 

Overall Approach 

Habitat assessment and characterisat ion represent one component, usual l y  the i n i t i a l  phase, 
o f  coastal zone management assessment. It i s  increasingly recognized that coastal zone management 
i s  most ef fect ive when undertaken by a mult i-discipl inary team. The tasks o f  the marine bio logist  
assessing marine habitats and associated resources therefore need t o  be careful ly co-ordinated and 
integrated with the ac t iv i t ies  o f  other team members, such as the fisheries specialist, 
ornithologist, coastal planner and any other personnel. 



The nature, d is t r ibut ion and abundance o f  habitats was determined using several methods, 
following the general guidelines o f  ROPME (1983). I n i t i a l l y ,  LANOSAT 5 Thematic Mapper (TM) was 
used i n  the ROPHE Sea Area fo r  obtaining a synoptic overview of subtidal habitats. The use of TH 
imagery represented a major advance over most ear l ie r  studies. I t  was par t i cu la r ly  valuable as 
aer ia l  photographs fo r  the region are not generally avai lable. Prel imi nary ground-truthi ng was 
undertaken during he1 icopter overf 1 ights. On both coasts, v i r t ua l l y  the ent i  r e  shore1 i ne was 
inspected and further ground-truthed using a 4-wheel dr ive vehicle. I n  addition, data on habitat 
abundance (and associated species and impacts) were collected from the i n te r t i da l  and shallow 
subtidal zones a t  selected sites. Spot dives and transects were undertaken offshore t o  confirm, 
c l a r i f y  o r  distinguish benthic habitat types and boundaries are recognized from the TM imagery and 
during coastal overf 1 ights . The methodology used fo r  recording habitat abundance i s  discussed 
further below. 

Habitats were c lassi f ied and characterised according to  the i r  main biophysical features. 
Physical features recorded included substratum type (e.9. rock, sand, mud, coral, seagrass) and 
deta i ls  of the shore p ro f i l e  a t  i n te r t i da l  sites. I n  mangrove areas, f o r  example, knowledge of 
substratum type (e.9. mud o r  rock/coral) has great significance t o  the ecology and mangrove 
camunities (Por and Dor, 1984; Price e t  dl., 1987b). Biological features used for classifying 
the habitats were just the major characterist ic groups/organisms, while detailed taxonomic surveys 
were not attempted. Details o f  the d i f fe rent  habitats were mapped on Admiralty and other charts, 
and also recorded on data sheets (see below). I n  addition, the nature and magnitude o f  impacts 
and threats t o  habitats were also recorded a t  each s i t e  (see Dawson Shepherd and Ormond, 1987; 
Price & aJ., i n  press), but are not considered i n  the present review. 

Sampling was undertaken a t  up t o  three or  more levels of intensity, as indicated below. 

( i )  Semiquantitative shore s i t e  observations 

A t  every s i t e  visited, semi-quantitative observations were made i n  a ' s i t e  inspection 
quadrata on habitat abundance, associated species (and impacts). Each quadrat comprised an area 
500 m x 500 m bisecting the beach, thereby covering both the in te r t ida l  and shallow subtidal 
zones. Within each sample area o f  250,000 m2 (500 m x 500 m), the abundance of habitats and 
associated dominant biota was recorded using a semi-logarithmic scale (0-6) as follows: 

Abundance Score 

(semi-log scale) 

Areal Extent (&) : Habitat 
o r  

No. of  Individuals : Associated Biota 
(equivalent arithmetic range) 

An example o f  a completed sheet f o r  the ROPME Sea Area i s  given i n  Annex 1. This presents 
information within the sample area on the physical features o f  each habitat, as well as de ta i l s  o f  
the ccumner species o r  species/groups. M b i  tats, biota and impacts outside the sample area are 
merely recorded as present (+) or  absent (01. NU denotes no record. I t  w i  11 be noted that i n  
addition t o  s t r i c t l y  marine species, deta i ls  o f  animals such as birds were also recorded. Since 
many b i r d  species are o f  conservational interest, much attent ion was given t o  t h i s  animal group, 



part icular ly  i n  the ROPRE Sea Area, where more detailed counts were made by ornithologists along 
the shore (e.9. in ter t ida l  f la ts ) .  Detailed observations were undertaken t o  determine b i rd  
densities, part icular ly  o f  waders, and the i r  habitat preference. During the survey i n  the ROPHE 
Sea Area, i t  was estimated that a quarter o f  a m i l l i on  waders winter i n  coastal habitats of Saudi 
Arabia, while fo r  the whole ROPRE Sea Area the number may be as high as 1-2 mi l l ion.  The survey 
s imi lar ly  revealed that ROPflE Sea Area provides the breeding area for  a large part o f  the world 
population of Lesser crested terns. 

( i i )  Sam-quantitative under~ater observations using REEFWTCM forms 

Semiquanti tat ive observations on habitats containing coral reef were made and recorded on 
REEFWATCH f oms (Annex 2) . Observations i ncl ude basic information on reef structure, d i  versi t y  , 
qual i ty  and impacts, as well as detai ls o f  reef f i s h  d ivers i ty  and abundance. The observations 
take about 15 minutes to  complete. I n  addition to  the main data sheet, additional data sheets can 
be completed fo r  selected reef fauna (e.9. but ter f ly f ish,  tr iggerf ish, puf fer f ish and sea 
urchins). Further detai ls o f  the REEFUATCH scheme are available i n  the l i te ra ture  (Omnd e t  dl., 

1984). 

( i  ii Quantitative observations ( in ter t ida l  and subtidal 

This method, orginal ly termed 'rapid study sites', involves quantitative observations taking 
several hours a t  each s i t e  (Omnd & a., 1984). During the present surveys, sampling o f  
habitats and associated biota was undertaken along 100 m transects. I n  the case o f  mangroves, 
bush height and density were determined by recording the frequency o f  plants o f  d i f ferent  height 
classes along each transect to  a distance o f  5 m each side, i.e. i n  a band 100 m x 10 m. This 
provided information on mean height and density (number o f  plants per un i t  area). Larger surface 
biota (> 2 can) associated with mangroves and other habitats, and part icular ly  also biota not 
sampled within transects below, were recorded along each transect to  a distance o f  2.5 m each 
side, i.e. within a band 100 m x 5 m. Other surface fauna were collected a t  10 m intervals along 
each transect from quadrats o f  1 (m)2 or, fo r  smaller organisms, o f  0.25(m)~ (see also Omnd 
e t  dl., 1984; Price e t  al., 1987b). Only 1 imi ted sap1 ing o f  the infauna was undertaken. Coral 
reefs were assessed using these methods, and other techniques (Sheppard, 1985). 

( i v )  Detailed quanti tat ive observations ( in ter t ida l  and subtidal) 

This method, or ig ina l ly  termed 'detailed study s i tese,  involves more intensive, quantitative 
observations along transects, taking about a week a t  each s i t e  (Orrond e t  dl., 1984). The method 
was used i n  the Red Sea but not i n  the ROPHE Sea Area (due t o  time constraints). Sampling was 
undertaken a t  several depths: 1 m, 1.5 m, 3.0 m, 6.0 m and 12.0 m i n  the case o f  coral reefs. I n  
addition, a l l  the transects were photographed i n  stereo and are currently being analysed. 
Stereo-photography greatly fac i l i ta tes  i n  s i t u  ident i f icat ion o f  corals, and can be a valuable 
means o f  monitoring coral communities over time. I n  addition t o  corals and other habitats, 
associated invertebrates and f i s h  were sampled i n  detai 1, again pr inc ipal ly  along transects. 
Based on these and other methods, considerable information i s  now available on coral reef 
communities, both i n  the Saudi Arabian Red Sea, (Roberts, 1985, 1986, Sheppard, 1985; Sheppard and 
Sheppard, 1987) and ROPNE Sea area (Basson e t  al., 1977; Burchard, 1979; McCain e t  dl., 1984). 

Sampling strategies 

The value o f  rapid, seni -quanti tat ive methods fo r  surveying extensive t racts o f  coastal 
habitats i s  becoming increasingly recognized i n  marine biological assessment work (Dawson Shepherd 
& Omnd, 1987; Price & aJ., i n  press). These methods are part icular ly  useful when 
characterisation o f  habitats a t  a broad level i s  required (Price e t  dl., i n  preparation). I n  th is  
paper, inclusion i s  therefore made o f  semiquantitative methods (i & ii above). While the more 
detailed quanti tat ive methods [ ( i n )  and ( i v )  above] clearly provide more information, f o r  example 
on species abundance, such methods are a t  the same time more time-consuming. 



Consequently, detailed quantitative sampling can only be undertaken a t  a l imi ted number of 
(perhaps unrepresentative) sites. I n  practice, i t  i s  often found desirable t o  use a combination 
of semiquantitative and quantitative methods depending on the specific objectives o f  the survey 
(Oawson Shepherd and Onnond, 1987; Price e t  al., i n  preparation). 

Databases and maps 

Site information on habitats and associated resources can readily form a computer data 
base. Such databases are not only of great ecological interest but also o f  considerable value t o  
resource managers. The information can be used t o  assess the current environmental state and also 
t o  predict the l i ke l y  effects o f  environmental changes. I n  addition, information from data bases 
can be easi ly sumnarised t o  provide, for example, an estimate o f  the extent (or abundance) of 
major in ter t ida l  and subtidal habitats. This i s  shown i n  Annex 3 fo r  the ROPHE Sea Area o f  Saudi 
Arabia. This kind o f  information i s  considered t o  be fundamental t o  coastal planning and 
management. 

Information on habitats i s  part icular ly  useful t o  planners when compiled on maps. Raps 
showing the dist r ibut ion of part icular  habitats can o f  course be combined. For example, i t  might 
be desirable fo r  coastal planners t o  determine the dist r ibut ion and extent o f  a l l  c r i t i c a l  marine 
habitats (or other resources, e.g. fisheries), and to  show the i r  areas o f  concentration on a 
single map. Areas where these c r i t i c a l  habitats (together) overlap with areas o f  heavy coastal 
use denote conf l i c t  areas, and these represent p r i o r i t y  areas fo r  management. Conversely, areas 
o f  l i t t l e  o r  no overlap between c r i t i c a l  habitats and resource uses represent compatibil it ies. 
Accordingly, i n  the l a t t e r  areas the need fo r  management i n i t i a t i ves  may not be qui te so 
pressing. Information from maps can also be dig i t ised and incorporated i n to  a Geographical 
Information System (GIs). 

ECOLOGICAL CONSIDERATIONS IN HABITAT ASSESSMENT 

I n  addition t o  characterisation o f  habitats according general biophysical features (i.e. 
substrate type and associated species), certain aspects o f  habitat ecology were considered during 
the present investigations. Special emphasis  as given t o  those aspects o f  ecology o f  l i k e l y  
relevance t o  management and planning, and are considered below. 

Syste-B ecology and natural processes 

Our appraisals o f  the coastal and marine habitats o f  Saudi Arabia have included a system 
approach (Mann, 1982). whereby habitats and associated resources were assessed i n  terms of the 
natural systems o f  the regions. By re lat ing the dist r ibut ion o f  habitats t o  the natural (physical 
and biological) processes that control the i r  occurrence, portions o f  the coast can be managed 
within the context o f  each region as a whole. It i s  o f  great significance t o  management that 
natural processes, and hence habitats, can be modified by human act iv i t ies.  Financial o r  time 
constraints may preclude col lect ion o f  detailed oceanographic data. Nevertheless, basic 
information on oceanographic conditions and natural processes i s  available fo r  many regions i n  the 
l i terature.  Such information can then be used t o  determine, i f  only i n  a general way, how the 
overall (eco)system functions, and how the dif ferent components (habitats) interact wi th each 
other. For example, i t  i s  known that the offshore islands i n  the ROPRE Sea Area represent major 
nesting areas fo r  several species o f  birds (terns) and turt les, i n  addition t o  supporting 
well-developed coral connunities. From a management perspective, i t  i s  part icular ly  s igni f icant  
that these islands are actually formed and sustained by calcium carbonate production from coral 
reefs. This graphically i l lus t ra tes  how a te r res t r ia l  environment can depend f o r  i t s  very 
survival on continued sustainabi l i ty o f  a marine environment. 



Habitat preference of selected organisms 

A consequence o f  marine and coastal development i s  often degradation, o r  even complete loss 
o f  one o r  more di f ferent  habitats (IUCN, 1980; IWUNEP, 1985; Vousden and Price, 1985). For 
some developments and ac t iv i t ies  (e.g. bui lding o f  ports) the choice o f  suitable area may be very 
limited, while f o r  others (e.g. dredging, reclamation, ef f luent  discharge) some choice o f  location 
may be available. Knowledge o f  habitat preference o f  animals i s  therefore o f  appreciable 
significance t o  coastal planners (Salm and Clark, 19841, part icular ly  f o r  species o f  known 
commercial, sc ien t i f i c  o r  cul tura l  importance. I t  i s  assumed that organisms occurring i n  several 
d i f ferent  habitats ("habitat generalists") are probably less vulnerable t o  the effects o f  
disturbance t o  any single habitat than organisms inhabiting just  one o r  a few habitats ("habitat 
specialists"). 

Data on the number o f  major habitats occupied by f i ve  selected groups o f  invertebrates and 
vertebrates uere determined f o r  the Saudi Arabian coast o f  the ROPME Sea Area. The to ta l  nunber 
o f  habitats available i s  assumed to be eleven. The groups uere chosen on the basis o f  the i r  known 
ecological, commercial, cul tura l  o r  conservational importance. Organisms associated with a broad 
spectrum o f  habitats ("habitat specialists") include pearl oysters (7 habitats), commercial shrimp 
(6 habitats) and the br i t t les tar ,  Ophiothrix savignyi (9 habitats). Organisms recorded i n  fewer 
biotopes, and therefore probably more vulnerable t o  the consequences o f  biotope degradation, 
include the lobster, Thenus or iental is  (2 habitats) and dugong, Dugong d m  (2 habitats). 

Of major significance, however, i s  whether o r  not certain habitats are c r i t i c a l  a t  some 
stage o f  an organism's l i f e  cycle. I n  the case o f  pearl oysters, grassbeds have been shown t o  be 
the preferred substratum fo r  attachment o f  spat i n  Saudi Arabian waters (Basson e t  al., 1977). 
However, recent studies i n  Bahrain (Vousden & fi., i n  preparation) have shown that pearl oyster 
spat may set t le  on certain macroalgae (e.g. Honnophysa triquetra). This suggests that pearl 
oysters may not be such 'habitat special ists'  as had previously been assumed. 

The degree o f  depende!ncy o f  juvenile commercial shrimp (Penaeus semisulcatus) on seagrasses 
i s  also not completely resolved. The ear l iest  benthic juvenile stages have been found i n  thickets 
of macroalgae (Hormophysa and Saraassum), both i n  the Saudi Arabian part o f  the ROPHE Sea Area and 
further north i n  Kuwait. I n  Saudi Arabian waters, older juveniles are no longer found among 
macroalgae but i n  seagrasses, whereas i n  Kuwait seagrasses are only o f  l imi ted occurrence. This 
suggests that the Kuwait populations may be able t o  complete the i r  l i f e  cycles without the need o f  
seagrass: i n  th i s  sense, therefore, seagrass seems not t o  be a c r i t i c a l  habitat. Alternatively, 
juveniles i n  Kuwait may perhaps be transported by water movements t o  the northern Saudi Arabian 
waters where some f a i r l y  extensive seagrass beds occur, suggesting that seagrasses could be 
important. 

I n  summary, consideration o f  habitat preference o f  organisms can provide useful information 
for planners. However, some caution must be exercised i n  interpret ing results, since certain 
habitats are thought t o  be c r i t i c a l  i n  the l i f e  cycles o f  some "habitat generalists" (IUCN, 1976; 
IUCN, 1980; Salm and Clark, 1984; IUCN/UWEP, 1985; Price g& aJ., 1987a). 

Simi l a r i  ty of habi tats according to species composi t ion 

Knowledge o f  the simi l a r i  t y  o f  habitats i s  also valuable t o  coastal planners, part icular ly  
i f  a system o f  p r i o r i t y  needs t o  be established for  habitat conservation. For example, i f  open 
rock beaches and rock t i da l  f l a t s  are very similar habitats, the need fo r  act ive conservation o f  
both habitats w i l l  probably be less important than i f  each habitat supports very d is t inc t ive  
biological assemblages. Again, however, factors other than species composition (e-g. food, 
shelter) may assume ecological importance and characterise habitats i n  some way. 



The s imi la r i ty  and relationships o f  the various major habitats i n  the ROPME Sea Area o f  
Saudi Arabia have been compared by means o f  cluster analysis on the extensive species composition 
data available (Basson & aJ., 1977). According t o  the analysis using Ward's method 
(presence-absence data), the habitats f a l l  in to  a number o f  me-? or less d is t inc t ive  clusters 
(Price e t  al., 1987a). Cluster I consists o f  a l l  sedimentary in ter t ida l  habitats, with mud f l a t s  
and sand f la ts  showing greatest a f f i n i t y .  Cluster I1 i s  represented by several hard-bottomed 
habitats (rock beach, subtidal rock, a r t i f i c i a l  structures and possibly also rock f la ts ) .  Cluster 
Ill constitutes a single habitat, coral reef, and appears t o  support a f a i r l y  d is t inc t ive  
assemblage. The remaining cluster (IV) i s  made up o f  a l l  sedimentary subtidal habitats, including 
seagrasses. These form another, but less d ist inct ive grouping. Greatest habitat s im i la r i t y  wi th in 
th is  cluster i s  shown between subtidal sand and subtidal mud. 

From a management and sc ient i f i c  perspective, i t  would be valuable t o  determine whether or  
not each o f  the major clusters above forms a functional grouping, or  perhaps even a useful 
management unit. However, th is  idea cannot easily be tested due t o  lack o f  certain data, such as 
more detailed productivity estimates and measurements o f  nutr ient fluxes. 

Other ecological considerations 

During present surveys, i t  was recognized that certain coastal and marine areas may, e i ther  
immediately o r  subsequently, need t o  be considered as candidate s i tes fo r  special management or  
protection. Such s i tes were selected using a number o f  objectives and c r i t e r i a  as indicated below: 

( i )  Areas that are the f inest  examples o f  the region's coastal and marine habitats o r  other 
outstanding natural features according t o  diversity, naturalness, uniqueness, representativeness, 
in tegr i ty  and significance. 

(ii) Areas that are c r i t i c a l  t o  species o f  economic, conservational, sc ien t i f i c  o r  cul tura l  
importance according t o  importance t o  species, dependence o f  species and productivity. 

( i i i )  Areas considered t o  be o f  greatest value i n  maintenance o f  ecological processes and 
biological productivity and overall importance o f  ro le i n  a biotope o r  ecosystem. It w i l l  be seen 
that these and the above-mentioned c r i t e r i a  match very closely the at t r ibutes o f  c r i t i c a l  marine 
habitats. I n  addition, there are numerous other factors, such as economic and social 
considerations; fo r  example, the degree and nature o f  threats from human ac t iv i t ies ,  public need, 
competing uses fo r  the area, the size and ava i lab i l i t y  o f  the area and public acceptance o f  the 
proposed area. Further detai ls o f  the factors needing consideration i n  selection o f  protected 
areas are available i n  the l i te ra ture  (e.g. Salm and Clark, 1984; Usher, 1986). 
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Annex 1. E x q l e  of data collected a t  si te inspection quadrat during survey of 
Saudi Arabian coast of  ROPME Sea Area. 
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Annex 2. REEFtMTCH fom as used i n  survey along Saudi Arabian Red Sea coast. 

REEFWATCH 
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Annex 2a. (cont ' d l  

D A T A  BASE 

NUMERICAL I N O f X  

Reef Typical 

Attractiveness 

Uive Site Rating 

Hard Coral Cover 

Coral Variety 

S o d  Coral Cover 

1 7 5 Ã 5 

Among best Rather R a t k r  Can 't Typical 
in area better worse tell 

Exceptional Pretty Moderately 
good 

L imired 
good 

Poor 

~xceptional ' Y  0. K. Not much 
good 

No use 

I 

Exceptional Good ~ 0 d e " t e  Limited Poor 
30 20-30 10-20 5- 10 5 

> 80 60-80 40-60 - 20-40 -20 

Superabundant Abundant Numerous 
A bit  Noticeably 
limited few 

Incredibly Pretty Modera re A bit Noticeably 
varied varied variety limited few 

Very large Good no. Some Few None 
nos. 

Reef Fish Nos. 

Reef Fish Variety 

Pelagic Fish Nos. 

ADDITIONAL COMMENTS 



Annex 3. Estimated l inear and areal extent o f  in ter t ida l  and subtidal habitats 
along the Saudi Arabian coast o f  the ROPRE sea area. 

Habitat 

A. INTERTIDAL 

Sand or  sand/ 
rock beach 

Sandhd beach 
Mud f l a t  
Mangroves 
Sand/mud f 1 a t  
Rock f l a t  with sand 
Rock f l a t  with 

sand/mud 
Sand f l a t  

TOTAL 

Sand/mud 
Seagrass 
Reef corals 
Rock/Algal 

TOTAL 

Linear (km) 

433 
1 44 
84 
12 

109 
190 

5 1 
49 

1.072 

Extent 
Linear (%I Areal (km2) Area (%I 

2 
3 

18 
2 

42 
13 

2 
17 

99 

(Note: The l inear and areal extent o f  saltmarsh halophytes uas not estimated di rect ly ,  
although th i s  vegetation was recorded a t  72% of  the shore s i tes visited). 
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THE CORAL REEFS AND CORAL ISLANDS OF KUWAIT 

by 

N. Downing 

Kuwait Inst i tute for  Scientif ic Research, Kuwait 

ABSTRACT 

Kuwait's coral camunity i s  a low diversity coral assemblage existing i n  a healthy, a lbei t  
extreme envi ronment . Harked seasonal variations o f  the environmental characteristics include 
water temperature change between 13.2% i n  winter and 33.8% i n  sunnier. Indigenous coral reef 
fishes comprise many commercially important species. Sea terns and turt les v i s i t  some of  the 
coral islands for  breeding. A complete and effective protection of the coral reefs of  Kuwait as a 
unique and r i ch  l i v ing  resource to the nation, may be realized by overcoming the obstacles which 
may hinder their  conservation. The general lack of  awareness and education on the coral reefs and 
their  associated island ecosystem i s  considered the main obstacle, which should be dealt with as 
an integral part of  a carefully planned coral reef protection and management scheme. 

INTRODUCTION 

The coral reefs and coral islands of  Kuwait occur i n  the northwest sector of  the R O M  Sea 
Area. Although they are small by comparison to  the coral reef systems which occur further south, 
they represent the most northern regional development of  reef corals and are thus o f  interest not 
only to  Kuwait, but also to  other nations bordering the Area. 

The Kuwait Inst i tute fo r  Scientif ic Research (KISR) has just completed a four year study on 
Kuwait's coral reefs. This included: an assessment of  the species of corals making up the reefs; 
accurate bathymetric charting of  the three major reefs surrounding the islands of  Kubbar, Qaru and 
U n n  A1 Haradem; production of  charts showing the distr ibution of the various corals on the reefs, 
collection and identif ication o f  a l l  species of  coral reef fishes, together with detailed 
photographic documentation; a study of  the seasonal variation i n  species composition and number of 
fishes found on the reefs over a period of  two years; a study of  the quali ty o f  the reef 
environment over a similar period of  time. This work has been published by KISR i n  a f i ve  volume 
series (Doming, 1987a,b,c; Downing e t  al., 1987; and Literathy e t  al., 1987). Two papers have 
been published externally (Downing, 1985; Downing and El-Zahr, l987), and several others are i n  
preparation. This paper i s  based on the summary of  the work (Downing 1987a). with additional 
comnents on the status o f  the sea terns and turt les which v i s i t  some of the coral islands to  breed. 



THE CORAL COMMUNITY 

Three well developed coral islands and the i r  associated reefs exist i n  Kuwait's waters. 
They are Kubbar, Qaru and Uno A1 Maraden. A rumber o f  smaller, platform reefs are variously 
located both close to  shore and a t  the southern and eastern extent of Kuwait's te r r i to r ia l  
waters. Kubbar Island, (Lat. 29Â 04' 10mN; Long 48Â 30' 24" E) i s  the northemnost coral reef 
development o f  any significance i n  the northwestern part of the ROPHE Sea Area. 

Kuwait's coral cannunity i s  a IOU diversity coral assemblage existing i n  an extreme 
environment. A total  of  29 species o f  scleractinia have been identif ied i n  31 genera. One 
species, Turbinaria frondens, i s  a MM record for  the Gulf. The coral community i s  dminated by 
the genus fbrites, part icularly an the reef f l a t ,  and the genus Acrwora. 

.. 

I t  has been observed that the reef f l a t ,  which comprises by fa r  the most extensive area, 
dries out periodically a t  very low spring tides. Uhen th is  coincides with IOU a i r  temperatures 
the exposed corals w i l l  die from chil l ing. Such an event was monitored during the la te  
winter/early spring o f  1985. The reefs are very vulnerable a t  th is period of  drying, and would be 
susceptible to  contamination by surface-borne pollutants such as o i l .  

Large areas o f  the reef f l a t  Porites are dead, and heavily colonized by the mk-bor ing sea 
urchin, Echinometra mathaei. Work was undertaken on the feeding rate of Echinareetra which erodes 
the dead coral surface as i t  feeds. Over 90% o f  the urchin's gut contents i s  coral derived 
CaC03, and the rate of  ingestion of  material i s  almost one order of magnitude greater than 
reported elsewhere. The feeding behaviour o f  Echinometra i s  l i ke ly  to  reduce the chances of 
successful coral larval settlement. There i s  no obvious control on the numbers o f  urchins, whose 
density can exceed 100/m2. 

Reef recovery has been monitored over a four year period. For fast growing species such as 
Acrocora significant recovery has been observed over three years. 

For slaw growing massive, corals such as Porites the recovery has been obscured by the 1985 
coral k i l l ,  and i s  l i ke ly  to  take much longer. 

An accurate and detailed hydrographic survey of the seabed, from the reef edge to  the 
island: o f  the three major reefs (Kubbar, Unn A1 Haradem and Qaru) was undertaken. Using a 
Mini-Ranger Position Fixer with a positional accuracy of + 2 m probable error, i t  provided precise 
information on the extent o f  each reef and i t s  topography. This was combined with data on the 
types of corals making up the reefs. Charts fo r  each island and i t s  reef have been produced on 81 
size sheets, a t  scales o f  1:2000 (Qaru and Unn A1 Maradem and 1:2500 (Kubbar). 

THE CORAL REEF FISHES 

A total  o f  119 species of  f i sh  have been identif ied from Kuwait's coral reefs, of  which 8 
species are new records fo r  the Gulf, and 4" species new records for  Kuwait. Based on the l i s t  
published by Kuronuma and Abe (1986), the contribution o f  the reef f i sh  species to  the total  
number reported from Kuwait i s  i n  excess of  50%. 

Fish censuses were carried out over a two year period a t  two locations on each o f  the main 
reefs (Kubbar, Qaru and Unn A1 Maradem). A marked seasonal fluctuation was observed, with a 
dramatic increase i n  the number of  f ish  over the spring and summer months. 



The reefs support a number of  connercially important species. They are found i n  the 
following families: Synodontidae, Serranidae, Carangidae, Lutjanidae, Caesionidae, Sparidae, 
Bothidae, Rachycentridae, Pomacanthidae, Siganidae, and Scontoridae. The most cannonly found 
grouper o f  the reefs i s  the shnainew, Ce~halopholis hemistiktos. The hanoor, ~ i n e ~ h e l u s  suillus, 
i s  not part icularly cannon. It i s  more l i ke ly  to  be attracted to  a r t i f i c i a l  reef structures 
(Downing & e. 1985). 

A number of  species o f  fish, some of them of comnercial importance, use the reefs on a 
seasonal basis as a breeding ground. Much of  the increase i n  number during the spring and simmer 
appears to  be related to  the increased breeding activity. 

THE REEF ENVIRONMENT 

A water and sediment sampling was carried out over a two year period to  study the 
environment i n  which Kuwai t e s  coral reefs exist, and to  provide base1 ine data on i t s  quality. 

Samples were collected over and around f i ve  reefs: an inshore platform reef, Q i t a a t  
Urayfijan, an offshore platform reef, Mudayrah Reef, and the three major coral reefs, Kubbar, Qaru 
and Unn A1 Raradem. Samples were taken from the reef edge and the reef f l a t ,  both from the 
surface and the bottom. I n  addition, the reef a t  Q i t e a t  Urayfijan was sampled during a t i da l  
cycle once each quarter. 

The parameters determined i n  the water column were: temperature, sal inity, turbidity, 
orthophosphate, amnia,  nitrate, si l icate, suspended particulate matter and petroleum 
hydrocarbons. Surface sediment samples were analyzed for  total phosphate and nitrate, carbonates 
and petroleum hydrocarbons. 

Generally speaking, the results indicate a healthy, a lbei t  extreme marine environment over 
and around the reefs. Temperature, sal in i ty and orthophosphate values show seasonal variations. 
A reef base temperature of 13.2% was measured i n  March 1985, and a maximum o f  33.8% was 
measured on the reef f l a t  i n  August 1986. The water i s  always hypersaline. Turbidity has been 
observed to  fluctuate by an order o f  magnitude and suspended solids were highest around the reef 
a t  Qi teat .  

The Qi ta  r e e f  i s  also more influenced by nearshore water and waste discharges. The other 
reefs are i n  an offshore zone, controlled by open sea conditions. Based on observations during 
t ida l  cycles around the Qi ta  reef, an anthropogenic effect was detected i n  the variation i n  
concentration of amnia.  

Petroleum hydrocarbons were detected a t  low concentrations i n  both the water and sediment 
around the reefs. 

THE SEA TERNS 

Four species of  sea tern breed each year on Kubbar Island. They are: Sterna anaethetus, L 
bengalensis, L bemi i  and & mressa. Neither Qaru nor lbm A1 Maradem have been used as 
breeding areas i n  recent years. The numbers o f  these terns v is i t ing the Kubbar each year have 
increased over the past four years, from 1,211 birds i n  1984 to  2,648 birds i n  1987 ( a l l  species, 
chicks included). 



The terns breed a t  the height of the sumner. Protection o f  the eggs and chicks from the 
high ambient temperatures i s  essential to  avoid heat stress. However, the parent birds are easily 
disturbed, and i t  has been established experimentally that the external temperature o f  eggs (L 
repressa) exposed to  the sun a t  mid-day w i l l  increase by approximately lÂ¡C/minut over the first 
7 minutes o f  exposure. 

Although there i s  no evidence o f  egg collecting, spent shot gun cartridges are often found, 
together with dead birds, on the island. 

THE SEA TURTLES 

Qaru Island i s  the only coral island i n  Kuwait's waters s t i l l  regularly used as a breeding 
area fo r  the green tu r t le  (Chelonia mdas), and probably the hawksbill (Eretmochelys ih r i ca ta ) .  
The occasional nest i s  seen on Kubbar and Urn A1 Haradem, and one juvenile green t u r t l e  was found 
on the beach south of  Ras Az-Zour. 

The number o f  green turt les using Qaru each year i s  small. F i f t y  p i t s  w r e  counted i n  1984, 
and 21 i n  1986. The island's remoteness probably contributes to  the continued breeding act iv i ty  
there, but i t  i s  small (approximately 230m i n  length) and much of the area i s  taken up by huts and 
assorted debris. A "securityn fence i s  now being b u i l t  around the huts, and this w i l l  further 
res t r i c t  the area available fo r  nesting. 

The coral reefs o f  Kuwait are a unique, r i ch  and diverse l i v i ng  resource to the nation. 
They exist i n  an environment which by most standards would be considered very marginal fo r  coral 
reef growth. Any additional , man-induced pressure should be avoided. 

The general recamendation i s  one of  complete and effective protection. 

There are three main obstacles which may hinder the conservation of a l i v i ng  resource: 

1. Depmhcy - Those who make a l i v ing  from the resource i n  question stand to  lose i n  the 
short term, although they would benefit i n  the long term. 

2. Honey - Any well implemented conservation programme i s  l i ke l y  to  be costly. 

3. Ignorance - Most people are unaware of  the need to  conserve a resource. 

For the nations bordering the ROPRE Sea Area only the las t  o f  these obstacles i s  of  any 
significance. I n  Kuwait, no one depends on any o f  the reefs fo r  their  existence. Most fishermen 
who v i s i t  them do so as a past time. There are adequate funds available for even the most 
ambitious conservation requirements. However, most o f  the population i s  ignorant o f  the worth of  
the coral reefs and their  associated islands as a r i ch  and unique renewable l i v ing  resource. This 
i s  true of a l l  strata o f  society. Nevertheless, the general lack o f  awareness can be dealt with 
as an integral part of a carefully planned coral reef protection and management scheme. The role 
of education, a t  a l l  levels of the society i s  crucial to  the success o f  the conservation of 
Kuwait's coral reef and coral island ecosystem. 
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ABSTRACT 

This paper discusses two major strategies the Philippine government has implemented i n  the 
recent past and i s  implementing a t  present as means o f  protecting and conserving the remaining 
mangrove forest and o f  rehabi l i ta t ing degraded coastal and mangrove areas. These are: (1) 
establishment o f  mangrove wilderness areas and mangrove forest reserves and (2) afforestation- 
refores t a t  ion o f  c r i  t i ca l  l y  degraded mangrove areas. 

Mangrove wilderness areas ( to ta l  o f  4,326 hectares) are distr ibuted i n  52 small islands i n  
Luzon (4 islands i n  2 provinces), Visayas (31 islands i n  3 provinces) and Mindanao (17 islands i n  
2 provinces). Mangrove forest reserves ( to ta l  o f  74,267 hectares) are distr ibuted i n  6 islands 
(Luzon, Rasbate, Rarinduque, Palawan, Visayas and M i  ndanao) . Reforested-afforested mangrove 
areas ( to ta l  o f  over 1,140 hectares) are located i n  Luzon (Quezon), Central Visayas (Negros 
Oriental, Cebu and Bohol) and Mindanao (Sulu and Basilan). Additional degraded areas are being 
planned t o  be afforested or  reforested i n  the foreseeable future i n  8 important sites: Manila 
Bay, Tayabas Bay, Lamon Bay and Ragay Gulf i n  Luzon; Cebu-Ractan, Inabangan-NM Bohol and SW Bohol 
i n  the Visayas; and Davao Gulf i n  Mindanao. 

Also discussed are several biological stressors that have been found t o  af fect  the mangrove 
rehabi l i ta t ion sites. These include (1) attack or  infestat ion o f  seedlings by barnacles ( i n  
Bohol), oysters ( i n  Bohol), Uca and Sesanna crabs ( i n  Sulu), green alga (En temrpha)  ( i n  Cebu) 
and (2) attack or i n fes ta t i ono f  prop roots o f  adult mangrove plants by woodboring teredo ( i n  
Bohol) and o f  seeds by Poecilips fa l lax beetle ( i n  Megros Oriental). O f  these, infestat ion by 
barnacles and oysters i s  considered a major problem. 

INTRODUCTION 

Mangroves occupy a highly strategic posit ion i n  the economy and ecology o f  not a few o f  the 
coastal areas o f  the Philippines. Economically, they have been, s t i l l  are, and w i l l  be, t o  many 
coastal Fil ipinos, important as aquaculture o r  fishpond sites, source o f  forest products (poles 
and piles, fuelxood, charcoal, tanbark, nipa sap, thatching materials), as fry gathering grounds, 
s i tes fo r  saltbeds, sustenance fisheries, comnercial and industr ial  establishments, human 
settlements, agricultural farms and waste disposal. Ecologically, they are important i n  nearshore 
nutr ient enrichment, as spawning, breeding, feeding and nursery grounds fo r  economically important 
species o f  aquatic l i f e ,  w i l d l i f e  habitat and i n  shoreline stabi l izat ion and protection. However, 
rapidly increasing population growth and technological development over the years have contributed 
imnensely t o  the intensif icat ion o f  the u t i l i z a t i o n  o f  mangroves such as those stated above and 
c o n c d  tant ly  not t o  small degree o f  environmental degradation. 



Brown and Fischer (1918) placed the area o f  mangrove swamp forest i n  the Phil ippines between 
400,000 t o  500,000 hectares (average 450,000). The more recent estimate (NRMC, 1978) placed the 
to ta l  mangrove area a t  146,139 hectares (Table 1 (a), (b); Figure 1). Subtracting the 1918 
estimate (450,000 hectares) from the 1978 estimate (146,139 hectares), the difference comes to  
about 303,861 hectares representing the deforested mangrove area over the past 65 years. I n  other 
words, 67.5% o f  the to ta l  mangrove area i s  denuded, while only 32.5% i s  now occupied by mangrove 
forest. Cabahug &. a. (1986) placed the rate o f  denudation a t  6,321 hectares a year. A large 
port ion o f  the denuded mangrove area (205,500 hectares) i s  not devoted t o  fishponds (Bureau of 
Fisheries and Aquatic Resources, 1984; Figure 2). It i s  f o r  t h i s  reason that the conversion o f  
mangrove swamps in to  capi tal-intensive brackishuater fishponds i s  considered the more 
controversial issue i n  mangrove econosystem management i n  the country. The increase i n  area1 
extent o f  fishponds and the concomitant decrease i n  areal extent o f  mangroves have caused a 
g r w i  ng concern that further fishpond development may have negative ecological, economic, social 
and cu l tu ra l  impacts on the ecosystem o f  the nearshore waters o f  the country. Past national and 
international workshops, conferences, fora and symposia have arr ived a t  a consensus that fishpond 
development have contributed to  the decline i n  the y ie ld  o f  other mangrove products. 

As indicated ear l ier ,  the mangrove ecosystem has other functions among which are energy 
export, nursery ground, breeding ground and feeding ground. A l l  these are important for the 
maintenance o f  ecological s t a b i l i t y  o f  the ecosystem i t s e l f  as well as t o  the surrounding 
nearshore ecosystems. For conversion uses t o  function, the developer must change t o  a great 
extent the mangroves from a natural t o  an a r t i f i c i a l  state. O f  the conversion uses, aquaculture 
has the most potential, and hence, poses the greatest possible danger t o  the mangrove f o r  area 
expansion. Once an area i s  converted i n to  fishpond, i t  i s  no longer able t o  function as a 
natural system. Thus, as a hectare o f  fishpond i s  improved, the same hectare can no longer be 
counted on t o  contribute to  the productivi ty o f  the nearshore ecosystem. 

Thus, the continued reduction o f  mangrove forest area i s  expected to: 

exert a depressant ef fect  on energy export which continues up the food chain to  man, i .e., 
less nutr ients means less algae, and less algae means less f i s h  catch by the sustenance and 
comnercial fisherman; 

decrease the area available fo r  protection and nursery grounds f o r  seed f i s h  needed fo r  
stocking fishponds; 

d e c r ~ s e  the y ie ld  per un i t  area i n  mariculture (oyster culture); and (4) expose the 
shoreline t o  the action of strong waves during inclement weather (The Philippines 
experiences an average o f  19 typhoons a year). 

STRATEGIES FOR PROTECTION, CONSERVATION AND REHABILITATION 

I n  view o f  the foregoing, the government became greatly concerned and acted accordingly by 
formulating and implementing measures directed towards the protection and conservation o f  the 
remaining mangrove forest areas as well as the rehabi l i ta t ion o f  the c r i t i c a l l y  denuded mangrove 
areas of which the following are here discussed: (1) establishment o f  mangrove wilderness areas 
and mangrove reserve areas; (2) reforestation or  afforestat ion o f  certain c r i t i c a l l y  bare areas; 
and (3) implementation o f  other measures. 



Table 1 (a). Areal measurement summary o f  mangrove forests. * 

Mangroves Lou Density mangrove Lou Density 
(Pure Mangrove) Logged-over (Pure Mangrove) Logged-over 

Region 1 Eastern S~inar 190.5 78.7 
Pangasinan - 988> SÃ§M 8,476.6 1.424.3 

988.5 L t y u  2.576.5 1.943.0 
13.876.6 4,531.3 

\ 

Region I 1  
w Y * n  303.6 1,989.7 Region 1 x 4  
lsÃ‡be1 3Q.* - 38.0 Basilan 1,684.7 

647.0 2.027.7 Sulu 25,171.5 
26,856.2 

Region IV-A 
Wzon 5.948.1 2.824.3 Region 1 x 4  
Mindoro Or. 439.7 247.9 ZJrtxunga del Norte 596.1 
Mindoro Occ. - 2.668.8 ZMfcOJnga del Sur 21.394.4 
P a l w n  25,934.8 151.1 21.991.2 
Marinduqw 1.764.3 - 
Rabion 505.2 71.1 Region X 

34.592.1 5,963.2 M i s ~ i s  Or. 762.3 
M i sa i s  Occ. 6.745.8 

Region V 
CJmrines fo r te  - 2.462.6 
m i n e s  Sur 2.182.8 886.8 
AlbW 630.8 - 
*iMon 1,084.0 1,510.5 
Citandiunes 25.3 216.7 
Masbate 6.191.2 1.086.6 

10,114.1 6.163.2 

Region V I  
Cipiz 
Milan 
I l o i l o  

Agusin del Norte 6.265.3 
13,773.4 

Region X I  
Surigao 8,606.5 
Davm 2,135.1 
Davao Or. - 
Davao del Sur - 
Southernbtabato 499.9 

11,241.5 

2,382.0 
- 1,266.7 Region XI1 
- 1.043.2 Sultan KudJrat 272.8 1,059.1 

Region V I I  
Bohol 7.208.2 2.321.4 
Negros Or. 811.6 TOTAL 146.139.9 71,720.8 

7.2W.2 3,133.0 

Region V I I I  
1,085.3 Northern SJmar 2.633.0 'lhis does not include area covered with clouds. 

Source: Mangrove Inventory o f  the Phi 1 ippi  nes 
Using Land-sat Data NRMC (1978). 

Table Kb). E t t lmtes  of areal extents o f  forested mangrove areas, denuded mangrove 
areas and annual rate o f  denudation of mangrove forest i n  the Philippines. 

Forested Denuded Annual 
Year Area (XI Area (X) Denudation 

(Hectares) (Hectares) Rate 

*/ Brown. W.H. and A.F. Fischer. (1918) 
b/ Bina, R.T., R.S. h r a ,  8.R. &Jesus Jr., and E.M. Lorenzo (1978): 6 0 y a r s  f ra 1918 
c/ Zmora, P.M. (1983): 65 years from 1918 
d/ Houes. J.R. (19871: 70 years f rva  1918 
g/ 205,500 hectares o f  63.51 o f  326.829 hectares o f  denuded area constitute 
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Es tab1 i shment o f  mangrove w i  lderness areas and mangrove forest reserves. 

I n  1979, the National Mangrove Cornnittee (NdC) of  the Philippines presented to  the 
government two a1 ternatives to  consider i n  respect to  mangrove protection, conservation, 
preservation and rehabi 1 i tation of  mangrove areas (Figure 3). 

Alternative 1. The government may suspend or declare a total ban on large-scale 
clear-cutting of  mangrove forest for  fishpond and regulate the dumping o f  industrial waste i n  
areas occupied by mangrove forest. The salient features o f  the strategy are: 

(1) the suspension should be implemented imnediately; 

(2) the suspension should be applied to  a l l  forested areas; and 

(3) the suspension should continue i n  effect un t i l  such time as the necessary research has been 
evaluated and an allocation plan has been set up, a process that i s  estimated to last  fo r  
5-7 years. 

Some interested sectors o f  society w i  11 undoubtedly object to  the suspension of development 
option as economically feasible. However, feu, i f  any, economic problems are anticipated. As the 
data suggest, logging has become less important annually since 1971; and i f  th is trend continues, 
then there i s  almost no active logging i n  mangrove areas. That being the case, probably logging no 
longer has an economic interest i n  mangroves. Land reclamation involving mangrove swamps, while a 
convenience, i s  presently not a necessity yet. Also, the probable future cost o f  trying to  keep 
the land from returning to the sea makes reclamation a questionable mode of development a t  best. 
This leads to  fishpond development. Although the Philippines developed 87,351 hectares of 
fishpond from 1952 to  1975, the area developed annually toward the end of  that period decreased 
considerably due probably to  the ban on the development of  unclassified land. And while the rate 
o f  fishpond development has levelled of f ,  the rate of f ish production of existing fishpond areas 
has increased. 

Thus, even i f  fishpond development i s  suspended indefinitely, f ish  production i n  the 
existing fishpond area should continue to  increase, perhaps for  many years. This increase i n  
y ie ld  should obviate the need to  construct more fishponds at  the expense of  the mangrove forest. 
While the suspension or ban i s  i n  force, a concerted and continuous research e f fo r t  towards the 
understanding o f  the nature o f  the mangrove resources and the relationships o f  these to the 
surrounding environment should be undertaken. 

Alternative 2. The second alternative i s  to  allocate the remaining mangrove resources as 
f o l  lows: Proclaim mangrove areas for conservation, preservation or declare as national forest 
reserves, using the guidelines formulated by the NHC (Figures 4 and 5) for  which the NHC has 
identif ied a total  of  78,393 hectares from the remaining mangrove area for  proclamation as 
conservation and preservation areas. This area, which i s  58% o f  the remaining mangrove forest, 
w i l l  be used for  scient i f ic  research and educational endeavours to  satisfy the ecologists, while 
the remaining balance w i l l  be allocated for  conversion o f  fishpond or released for other uses. 

Of the two alternatives, the second one was implemented. I n  December 1981, the government 
issued Presidential Proclamation 2151, declaring certain islands and/or parts o f  the country as 
wilderness areas (It withdrew mangrove forest from entry, sale, settlement and exploitation of  
whatever nature or form of disposition) (Table 2) and Presidential Proclamation 2152, declaring 
the entire island o f  Palawan and certain parts of the country as mangrove forest reserves 
(Table 3). 
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Figure 3(aI .  A1 ternative strategies for  existing Phi 1 ippines mangrove resources 
(Zamora, 1982) 
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Figure 3(b). Pkposed alternative action for the existing mangrove forest of the Philippines 

(Zamora, 1982) 



Reforestation or  afforestat ion o f  c r i t i c a l l y  bare a- 

According to  Brown and Fischer (1918). planting o f  m and Ryizophora f i r s t  occurred wi th in 
the f i r s t  quarter o f  the present century i n  Luzon ( i n  the swamplands o f  Pampanga Province i n  the 
upper reaches o f  Mani l a  Bay extending from the towns o f  Malabon on the east t o  Balanga on the west 
side (Figure 6, arrow 11). The area planted extended 20 or  more kilometers inland from the bay i n  
certain places. Hundred o f  hectares o f  t i da l  f l a t s  were planted fo r  fuelwood production t o  supply 
the Manila market. Since that time u n t i l  1980, no large-scale mangrove cu l t i va t ion  had taken 
place. The planted mangrove areas i n  Manila Bay have since been replaced by fishponds, sal tbeds, 
human settlements, industr ial  si tes, camiercial sites, ports and harbours. When fishpond 
development boomed i n  the 1960's and 1970's. mangrove planting was l imi ted t o  narrow fr inging 
s t r ips  along fishpond dikes fo r  buffer o r  protection against erosive action o f  sea current and 
t i da l  intrusion i n to  the fishponds. 

The f i r s t  large-scale mangrove reforestation was i n i t i a ted  i n  1981 by the government through 
the Bureau o f  Forest Development (BFD) i n  nine islands o f  Marungas, Sulu (Figure 6, arrow 01, 
covering an approximate area o f  4,560 hectares o f  marshlands, sandy shores and t i da l  f l a t s ,  o f  
which 150 hectares were reforested (Yao, 1986). Encouraged by the i n i t i a l  success o f  the Sulu 
mangrove reforestation project, the BFD d i s t r i c t  o f f i ce  i n  Basilan Province apportioned part of 
i t s  reforestation budget to reforest 1,500 hectares o f  logged-over mangrove areas i n  Basi lan 
S t ra i t  (Figure 6, arrow 1). As o f  1985, the BFD has rehabi l i tated about 50 hectares o f  c r i t i c a l l y  
degraded mangrove areas. 

Several small comnuni ty-based mangrove plantations also existed i n  the Central Visayas 
Region speci f ica l ly  i n  the province o f  Cebu (Figure 6, arrows 4 and 5), Bohol (Figure 6, arrows 6, 
7 and 8) and Negros Oriental (Figure 6, arrows 2 and 3). Table 5 shows the location, area planted 
( i n  hectares) and the number o f  planters i n  these plantations. Among the small-scale mangrove 
rehabi l i ta t ion projects, three have especially attracted the attent ion o f  pol i cy  makers and 
planners: ( 1) the c m n i  ty-based mangrove forestation i n  Banacon-Jagul iao Islands (Jetafe, 
Bohol), (2) the student-based, school-motivated mangrove forestation i n  Pangangan Island (Calape, 
Bohol) and (3)  the backyard mangrove fanning i n  Deuey Island (Bais City, Negros Oriental (Yao, 
1986). 

I n  Banacon Island the set t lers pioneered the establishment o f  mixed stand o f  Rhizophora 
stylosa and B. apiculata i n  sandy shoreline and mudflats i n  the region. This was o r i g ina l l y  
intended as a protective be1 t f o r  the i r  comnunity against strong monsoon winds. The success o f  
t h i s  ac t i v i t y  encouraged the community t o  plant the vast sandy mudflats adjacent t o  Banacon and 
Jaguliao Islands, reaching now t o  approximately 100 hectares o f  varying ages. The 22-year o ld  
pioneer stand i s  maintained as a model (Yao and Nanagas, 1984). 

I n  Pangangan Island, the students started plant ing since 1968, using the 4.8 km causeway 
connecting the island to  the Bohol mainland. Today, the 20-meter wide mangrove standing on both 
sides o f  the causeway has made the road stable. The mangrove cover serves as a windbreak t o  
protect the road against damaging monsoon waves. Following the example set by the students, the 
inhabitants o f  pangangan Island started planting the t i da l  f l a t s  and shorelines with Rhizophora 
apiculata, and B. mucronata and & stylosa. 

I n  Dewey Island, the nearshore dwellers have planted Rhizophora species on the i r  respective 
backyards t o  protect the i r  dwellings from strong winds and t i da l  waves. 

I n  the foregoing ac t iv i t ies ,  the i n i t i a l  intent ion was f o r  environmental protection. Later, 
they were expanded f o r  economic gain. 
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Figure 4. Guidelines for the selection of mangrove areas for preservation, 
conservation and fishpond development (Zamora, 1982) 



Location o f  mangrove Proposed action Main reason f o r  proposed act ion 

Adjoining major r i ve r  
sys terns 

Adjacent t o  productive 
fry and f ish ing grounds 

Adjacent t o  populated 
areas or  urban centre 

Significant hazard i f  
developed 

Primary and dense growth 
regardless o f  location 

Around small island 

Others exclusive o f  
1 t o  6 

Conserve; Not release fo r  
fishpond 

Conserve; Not release f o r  
f i s hpond 

Conserve; Not release 
f o r  fishpond 

Preserve 

Preserve or  declare as 
forest preserve 

Preserve 

Release fo r  development 

Maintenance o f  ecological balance 

Insure breeding spawning and 
nursery grounds o f  fishes 
and shellf ishes 

Insure continuous use f o r  minor 
forest products 

Protection against storm, 
erosion, flood, etc. 

Maintenance o f  ecological balance; 
protection against r i v e r  bank 
erosion, w i l d l i f e  sanctuaries, 
educational and research purposes 

Maintenance o f  ecological balance 

Fish production, other land uses 
whichever i s  most compatible 

Figure 5. Sumnary o f  Guide1 ines fo r  the selection o f  mangrove areas f o r  preservation, 
conservation, declaration as forest preserve and fo r  release f o r  fishpond Development. 

Source: MNR Comni t tee Report, October 1979. 

its: (1) Proposed actions are compatible t o  themajor economic uses o r  ecologic functions 
o f  mangrove forests i n  re lat ion to  the i r  par t icu lar  locations and stand status, i.e, 
whether primary, secondary or  denuded; 
(2) Guidelines 1, 2, 4, 5 and 6 insure continued economic usefulness t o  greater 
number o f  users, i-e., shell-gatherers, municipal f isheries, commercial f isheries; 
(3) Guidelines 3 insures the renewable character o f  the mangrove forest f o r  long-term 
economic benef i ts; 
(4) Guidelines 7 assures the most compatible uses o f  denuded mangrove areas f o r  
economic benefits, i .em, fishpond. Some o f  these areas may be reforested or 
afforested o r  used f o r  seaweed farming etc., if the ecologic s i tuat ion demands said 
strategies. 



Recently, the Central Visayas Regional Project (CVRP), a World Bank-assisted project, 
mobilized interested coastal dwellers and organized them t o  rehabi l i ta te an i n i t i a l  650 hectares 
o f  c r i t i c a l l y  degraded mangrove areas i n  the region. The neashore component o f  the project 
provides planting materials as well as technical assistance and allocates use r ights t o  the 
participants o f  the project i n  collaboration with the BFD. 

To protect i t s  coastal constituents against typhoon and storm surges, the local government 
o f  Hulanay, Quezon Province, i n  cooperation with the then National Environmental Protection 
council (NEPC) i n i t i a ted  a conroinity-participated mangrove reforestation i n  the town's coastal 
areas. Similar undertaking was planned by the then Ministry o f  Human Settlements (NHS) to  
rehabi 1 i tate c r i t i c a l l y  degraded mangrove areas i n  Pangasi nan coastal towns. 

Very recently, based on a combined consideration o f  guidelines evolved ear l ie r  (Zamora, 
1986) and the results o f  f i e l d  evaluation surveys, Howes (1987) presented s i t e  specific 
recommendations fo r  the eight Philippine wetlands surveyed during Apri l  and May 1987, namely, (1) 
Lamon Bay, (2) Manila Bay, (3) Tayabas Bay, (4) Ragay Gulf i n  Luzon, (5) Cebu-Mactan, (6) 
Inabanga-NW Bohol, (7) SW Bohol i n  the Visayas and (8) Oavao Gulf i n  Mindanao (Figure 7). 
Depending upon the status o f  the mangroves i n  each o f  the foregoing sites, Howes, i s  strongly 
recommending the implementation o f  the following strategies wherever applicable: 

( 1) prevention o f  further degradation o f  remaining mangrove areas fo r  bracki shwater aquaculture, 

(2) rehabi 1 i tat ion (via snal 1-scale communi ty-based schemes) o f  degraded mangrove areas, eroded 
coastal fringes , bunds and abandoned aquacul ture ponds, 

(3) protection (preservation) o f  remaining mangrove areas o f  any dimension, 

(4) designation o f  large areas o f  remaining mangroves as f i s h  sanctuaries, and 

(5) s t r i c t  enforcement o f  exist ing laws, rules and regulations. 

Cost of ref ores t a  t i on-af f ores ta t i on 

Tables 6 and 7 show direct  cost estimates o f  mangrove plantation establishment i n  Banacon 
Island for  l-meter x l-meter spacing and 0.5-menter x 0.5-meter spacing (Cabahug e t  al., 1986). 
These cost estimates include (1) s i t e  preparation cost, (2) planting and replanting costs, (3) 
cost o f  propagules and (4) maintenance o r  tending cost. The to ta l  establishment cost* ranges from 
P1,186 (US$59.30) t o  P1,251 (US$62.55) per hectare fo r  l-meter x l-meter plantation and from 
P1.312 (US$65.60) t o  P1,562 (US$78.10) per hectare fo r  0.5-meter x 0.5-meter plantation. The 
0.5-meter x 0.5-meter plantation has a higher establishment cost than that o f  a l-meter x l-meter 
plantation because i t  requires twice the amount o f  propagules and manpower needed fo r  the planting 
and replanting. 

A large part o f  the establishment cost i s  the maintenance o r  tending cost. This cost 
comprises 66.58% to  79.27% for  a 0.5-meter x 0.5-meter plantation and from 83.13% t o  87.69% fo r  a 
l-meter x l-meter plantation. Ideally, t h i s  cost should be treated as separate from the 
establishment cost. However, i n  th is  case, maintenance cost f o r  the f i r s t  year i s  treated as part 
o f  the establishment cost. The exclusion o f  th is  cost w i  11 make the establishment cost very much 
lower. 



Table 2. Nunteer o f  mangrove wilderness areas i n  the Philippines covered i n  Presidential 
Proclamation 2151 o f  December 1981* 

Provinces Location 

Quezon Ragay Gulf 

Camarines Sur - 3- b/ 

Masbate 
Masba te 
Rasbate 

Asid Gulf 
Si buyan Sea 
Samar Sea 

Cebu Visayan Sea 1 f/ 

Bohol 
Bohol 
Bohol 

Canigao Channel 
Cebu S t ra i t  
Camotes Sea 

Surigao del Norte Panay Bay 
Surigao del Norte Hinatuan Passage 
Surigao del Norte D i naga t Sound 
Surigao del Norte Agusan Bay 

Davao del Sur Davao Gulf 1 - n/ 

Total 520' 

* Declared for  foreshore protection, maintenance o f  estuarine and marine l i f e  and 
exclusive habitats o f  rate and endagered f lo ra  and fauna. 

A l i b i  jaban Island 
Basot Island, Quinalasag Island, Halabungot Island 
Guinauayan Island, Naro Island, Chico Island, Pobre Island 
Rajah Island, Napayauan Island 
Damnpal i t Island 
Bantayan Island 
Ca t i i l  Island, Calangaman Island, Lunislis Island, Tabangdio Island, 
Tintiman I s l e t  
Budlanan Island, Bugatusan Island, Panga Island, S i l o  Island, Cabgan Island, 
Cancostino Island, Tabaon Island, Maagpit Island, Basihan Is let ,  Bugatusan 
Is let ,  Hayaan Is le t ,  Poom Point, East o f  Basihan Is le t .  
Banaon Island, Basan Island, Saae Island, Tambu Island, Bambanon Island. 
Guimaras Island. 
Rosa Island 
Siargao Island, Poneas Island, Dahican Island, Tona Island, Laonan Island, 
Abanay Island, Bancuyo Island 
Awasan Island, Cabilan Island, Capaguian Island, Sugbuhan Island, 
Tagboaba Is1 and 
Pandasan Island 
Total area: 4,326 hectares 



Figure 6. Afforestation-reforestation Map of  the Philippines 



Table 3. Islands containing parts declared as mangrove swamp forest  reserves 
by v i r t ue  o f  President ial  Proclamation 2152 o f  December 1981-!/. 

Luzon V i  sayas 

Camarines Norte 
Camarines Sur 
A1 bay 
Sorsogon 

Mari nduque 

M i  ndoro 

Palawan (En t i r e  Province) 

Cebu 
Bohol 

M i  ndanao 

Misamis Occidental 
Davao 
Surigao del  Norte 
Surigao del  Sur 
Zamboanga del Sur 

I/ Mangroves around islands, along banks o f  r ivers ,  i n  coves w i th  a t o t a l  aggregate area o f  - 
74,267 hectares declared f o r  conservation and protect  i on  purposes by reason o f  t h e i r  
ecological, s c i en t i f i c ,  educational and recreat ional values including t e r r e s t r i a l  and marine 
f l o r a  and fauna found therein and other values. 

Table 4. Mangrove resforestat ion-afforestat ion areas i n  the Phi l ippines 

Area Avai l ab le  Areas I n i t i a l  
Islands Provinces f o r  Plant ing Planted Year o f  

(Hectares) (Hectares) Plant ing 

Luzon 
Luzon 

C Visayas Negros Oriental  3/ - - 13.60 - 

C Visayas 

C Visayas Bohol3' - 562.83 1968 

Mi ndanao Sulu- 4/ 4.560 150.00 1981 

M i  ndanao ~ a s i  1 ans' 1 ,500 50.00 1985 

- 
Total 1,141 -41 

I/ Proposal o f  the then MHS t o  rehabi 1 i ta te  c r i t i c a l l y  degraded mangrove areas - 
of some coastal towns (Cabahug a., 1986) 

9 Conrouni ty-based mangrove re forestat ion pro ject  t o  p lan t  bare coastal 
areasalong the i n t e r t i d a l  zone o f  the town o f  Mulanay i n  co-operation w i th  
NEPC . 

3/ Small comnunity-based mangrove plantat ions i n  the three provinces i n  the 
Central Visayas; see Table 5. 

4/ BFD's f i r s t  large-scale mangrove re forestat ion project.  The areas include 
marshlands, sandy shores, t i d a l  f l a t s  i n  9 islands o f  Marungas (Yao, 1986). 

5/ BFD's pro ject  t o  rehabi 1 i ta te  c r i t i c a l l y  degraded logged-over mangrove areas. 
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Table 5. Coimxini ty-based mangrove plantations i n  Central Visayas 

Location 
(Province/Municipality) 

Area Planted 
(Hectares 1 

Number of 
Planters 

Negros Oriental 
Bais ~i ty.!/ 
Jinalalud 

Cebu 
Lapu-1 apu C i  t y  
San Remigio 
Ronda 
Badi an 
Carcan 

Bohol 
Clarin 
Tubigon 
Loon 
ca1ape2' 
Core1 l a  
Catigbian 
c eta fez' 
Candi 1 ay 
Rabi n i  
Tal i bon 

13.60 
13.60 

New Project (19861 

Total 941 -41 1,311 

Source: Integrated Forestry Report o f  BDF Region 7, 1986. 

Mangrove backyard fanning i n  Dewey Island 
2' Self-rel iant,  school -motivated and student-based mangrove forestation i n  Pangangan 

Island. 
?/ Communi ty-part icipated mangrove forestation i n  Banacon-Jagul iao Islands. 



Table 8 compares the costs of establishing plantat ion i n  some places. Yao (1986) estimated 
the mangrove reforestation cost i n  other parts of Central Visayas a t  P800 (US$40) and Pl,600 
(US$80) per hectare for  plantation of l-meter x l-meter and 0.5-meter x 0.5-meter respectively. 

This costing includes propagules and planting (labor) costs only. These estimates are very 
much higher than those i n  Banacon Island fo r  the same cost components. This can be at t r ibuted to  
the lower cost o f  propagules and labor cost i n  Banacon Island. 

The establishment cost o f  a government mangrove reforestat ion project i n  Marungas, Sulu i s  
P2.500 per hectare. On the average, th is  cost i s  twice that i n  Central Visayas. This i s  due to 
the difference i n  the prices o f  inputs. I n  addition, th is  government reforestation project has a 
management cost which i s  absent i n  the Central Visayas plantat ion establishments because most of 
them are only family-size scale. 

I n  the United States, the establishment cost per hectare i s  $1,140 and $2,470 fo r  a 
0.91-meter x 0.91-meter spacing and 0.61-meter x 0.61-meter spacing respectively (Cintron, 1978). 
This amount i s  very much higher than those i n  the Philippines. The dispar i ty  i n  mangrove 
plantat ion establishment between the United States and the Philippines i s  at t r ibuted to  the 
difference i n  costs o f  inputs. 

Thus, mangrove plantations establishment through the i n i t i a t i v e  of a community o r  an 
individual have lower costs compared to  those established by the government. This can be 
at t r ibuted to  the following factors: (1) use of simple technology; (2) minimal labor cost; (3) 
cheap labor and raw materials; and (4) minimal or no management cost. 

Mangrove rehabi l i ta t ion stressors (Table 9). 

The worst marine organisms infest ing mangrove plantat ion i n  Central Visays, par t i cu la r ly  i n  
Bohol, are the barnacles and oysters. The peak o f  infestat ion i s  during the rainy season 
(August-September) and mostly occurs near the mouth o f  r i vers  or  estuaries where water sa l i n i t y  i s  
generally low and substrate i s  muddy. These organisms excrete sal iva (spat) that cements them on 
hypocotyls o r  steins. The added weight o f  these organisms results i n  the deformation of the 
seed1 i ngs. 

Barnacle infestat ion i s  probably the biggest threat t o  mangrove plantation i n  Central 
Visayas. Several plantations have been wiped out by th i s  problem (Yao, 1986). The newly 
established mangrove plantations i n  the r i ve r  mouths o f  San Pedro, San Isidro, Tanghaligue, 
Estre l la  and Esperanza i n  Bohol are heavily infected by th i s  mollusc. 

Another marine organism which attacks mangrove plantations i s  the teredo. This wood-boring 
mollusc usually attacks the prop roots o f  plants i n  o ld  plantations. I t  i s  not considered a major 
problem. 

Crab attack i s  a problem i n  Mindanao. The mangrove plantation i n  Sulu i s  infected mostly by 
U ! J  and Sesarma species. The crabs usually g i rd le  the root co l la r  o f  the propagules. Infestat ion 
usually occurs i n  coral 1 ine muddy substrate o f  the plantation. 

I n  Cebu, mangrove plantations suffer high morta l i ty  o r  retarded growth due to  the green alga 
Enteromorpha. The alga chokes the seedlings t o  death by cl inging on the i r  hypocotyl. The 
Hoalboal mangrove plantation i n  the northern part o f  Cebu i s  heavily affected by said alga (Yao, 
1986). The alga i s  usually abundant during November to  January. 

* Cost conversion r a t i o  from Philippine currency to  the US do l la r  i s  placed a t  P20 t o  US$l. 



Luzon: Lamon Bay, Rani la Bay, Tayabas Bay, Ragay Gulf. Visayas: Cebu-Mactan, Inabangan-NH Bohol, 
SW Bohol . Mi ndanao: Davao Gulf . 

Figure 7. Areas John Howes reconmended for mangrove 
protection, conservation and rehabi 1 i tation 



Table 6. Direct cost estimates o f  mangrove forestat ion a t  a 
spacing of 1 m x 1 m i n  Babacon Island, Bohol 

Act iv i  ty/Input Quan t i t y  Uni t Cost Cos t/Ha. % Total Cost 

A. S i te  preparation 0-5 md P20 . 00/md P -100.00 0-7.99 
B. Propagules 10,000 pcs P 6.00-7.00/1,000 pcs. P 60.00-70.00 5.06-5.60 
C. Planting 3-4 md P20.00 md P60.00-80.00 5.06-6.40 
0. Replanting ( 10-30% 

morta l i ty)  
1. propagu 1 es 1,000-3,000 pcs. P6.00-7.00/1,000 pcs. P 6.00-21.00 0.51-1.68 
2. labor 1-2 md P20. 00/md P 20.00-40.00 1.69-3.20 

E. Maintenance (one year) 52 md PZO.OO/md P1,040.00 83.13-87.69 
(one day/week ) 

Total Cost P1,186.00-P1,251.00 

Table 7. Director cost estimates o f  mangrove forestat ion a t  a spacing o f  
0.5 m x 0.5 m i n  Banacon Island, Bohol 

Act iv i  ty/Input Quanti t y  Unit  Cost Cos t/Ha . % Total Cost 

A. S i te  preparation 
8. Propagules 
C. Planting 
0. Replanting (10-30% 

morta l i ty)  
1. propagu 1 es 
2. labor 

Total Cost 

0-5 P20.00/md P -100.00 0-6.40 
20,000 PCS P 6.00-7.00/1,000 PCS 8.96-9.15 
6-8 md P2O.OO/md P120.00-160.00 8.96-10.24 



Table 8. Cost (~S$/ha o f  d i f ferent  reforestation/plantation establishment) 

Bandcon Is. Jolo Ref. Proj. Central Visayas United States 
Spac i ng Bohol (base year-1983) (base year-1986) (base year-1977 

(base year-1986) 

Source: Cabahug e t  a1 (1986) 

Table 9. Biological stressors i n  afforestation-reforestation s i tes i n  the Philippines 

Stressor Stage Part Degree Rehab. 
organism affected affected o f  e f fec t  s i t e  

Barnacle Seed1 i ng &POCO~Y 1 (+I  Bohol 

Oyster Seed1 i ng Hypocot~ 1 (+I  Bohol 

1 / Crabs- Seedl i ng & P O C O ~ Y ~  (-1 Sulu 

Green ~ l ~ a 2 ~  Seed1 i ng Hypoco t y  1 (-1 Cebu 

Teredo Adul t Prop roots (-1 Bohol 

~ e e t  1 ez7 Mu1 t Seeds (-1 Negros O r  

U s ,  sesanna; 

2) Enteromorpha; 

poecil ivs fal lax. 

( + I  Serious. (-1 not serious 

Sources: Lapis and Valentine ( 1982) ; Yao (1986) ; Cabahug & d. ( 1986). 



Table 10. Laws, Rules and Regulations promulgated relative to  
mangrove protect ion, conservation and management 

1, R. R Relevant Provisions 

PO 389 S t r i p  o f  land, mngrove and suanpland not less than SO meters wide from the 
shoreline facing the ocean, lakes and other bodies shal l  be retained as permanent 
forest f o r  shoreline protection. Further, -no cut t ing o r  removal o f  mangrove species 
therein shal l  be permitted, except uhen the sane i s  done i n  connection with 
experiments o r  a c t i v i t i e s  designed i n  accordance with the approved programme of 
research and development. 

Any person o r  association/corporation can lease SO o r  500 hectares, respectively, 
o f  suitable publ ic land f o r  fishpond purpose fo r  a period o f  25 years, renewable 
for another 25 y e w ;  that 50% o f  the said area shal l  be developed and t i d e  
productive wi th in  3 years and the remaining port ion shal l  be developed and made 
productive wi th in  5 years, both periods t o  be reckoned from the execution of the 
lease contract; that a l l  portions not developed wi th in  said period of 5 years shal l  
autoni t ica l ly  revert to the publ ic domain fo r  disposit ion by the BFAR; and that no 
port ion o f  the leased areas shal l  be subleased. 

PO 7& Str ips o f  the forests which protect shorelines, shoreline roads and coastal 
cornunities from destructive forces o f  the sea shal l  be maintained and not 
alienated. Specifically. a buf fer  zone o f  a t  least 40 meters wide along rivers. 
lakes and other inland water bodies, and a b e l t  100 meters wide i n  areas facing 
bays o r  the sea, mist be retained and excluded from fishpond development to  serve 
as protect ion o f  the shoreline from the destructive forces o f  the sea, strong winds 
and typhoons. Further, mangrove and other swamplands released to BFAR fo r  fishpond 
purposes but not u t i l i zed ,  o r  which have been abandoned f o r  5 years from date t o  
such lease, shal l  automatically revert t o  the category o f  forest land. 

Every holder o f  a licence, lease o r  permit from government involving occupation and 
u t i l i z a t i o n  o f  forest or suampland wi th  a r i v e r  o r  creek therein shal l  be under 
obl igat ion to plant trees extending a t  least 20 meters from edge o f  the banks of 
the said r i v e r  o r  creek. 

SO 3 ( 1976) Creation o f  the Land Classif icat ion Team. Tasked to  delineate mangrove areas based 
on socio-economic and ecological parameters and c lass i fy  the same i n t o  permanent 
forests, timberlands, agr icu l tura l  lands, areas suitable f o r  fishpond development, 
and other purposes. 

Mangrove 1 icensee i s  required t o  leave 20 or  more seed trees per hectare with a 
diameter o f  20 can o r  more t o  ensure successful regeneration a f te r  logging; that no 
authorized person shal l  cut o r  gather any t inber o r  other products o f  logging 
unless he plants thr ice the number o f  trees o f  the same variety that were cut o r  
destroyed by such operations; and that fo r  open and heavily depleted areas, 
a r t i f i c i a l  regeneration o r  reforestat ion must be done by the licensee. 

Mangrove forests essential ly needed i n  foreshore protect ion and maintenance o f  
estuarine and marine l i f e  including special forests which are exclusive habitats or 
rare and endangered Phi l ippine f l o r a  and fauna, are declared wilderness areas, 
hence not subjected t o  exploi tat ion o f  whatever nature. 

C I R  13 (1986) The processing of applications f o r  land wi th in  mangrove and other forest 
reservations i s  prohibited. 

RM(1986) .  The cut t ing o f  mangrove timber i n  a l l  forest lands including those covered by the 
FLAs except those areas covered by ex is t ing permits i s  banned. 

Legend: 1, R, R: Laws, Rules, Regulations; PO: Presidential Decree; SO: Special Order; AO: 
Administrative Order: 101: Letter o f  Instruction; CIR: Circular; HAD: Radiogram. BFAR: Bureau of 
Fisheries and Aquatic Resources; FLA: Fishpond Lease Agreement. 



I n  1976, the seed-boring beetle Poecilips fa l lax infested large rimer of  planted seedlings 
o f  Rhizophora mucronata and R. apiculata i n  the mangrove swamps o f  Dewey island ( h i s  City, Negros 
Oriental). Host o f  the infested seedlings died. The f i r s t  three months o f  establishment are the 
most susceptible period of the seedlings t o  beetle attack. the larvae and adults o f  the beetle 
tunnel through and feed on the hypocotyl (Lapis and Valentine, 1982). Lapis and Valentine (1982) 
found that the eggs develop i n to  adults i n  39 t o  53 days. The year-round breeding o f  the insect 
was at t r ibuted to  the continuous abundance o f  food. Rhizophora mucronata and E. apiculata are the 
preferred hosts o f  c. fal lax. 

Implementation of other measures. 

To complement the presidential proclamations and reforestat ion-afforestation programs, BFD 
(the appointed agency fo r  forest resource management) has (through Presidential Decree 705: 
Revised Forestry Code o f  the Philippines) required the practice o f  the seed-tree method as 
s i l v i cu l t u ra l  system i n  mangrove forest management which s t r i c t l y  enforces the regulation t o  
holders o f  licenses, leases and permits during the ent i re duration of occupation. This method i s  
based on a 50-year rotat ion period allowing 20 seed trees with diameter 10 cm or  larger per 
hectare to  be l e f t  to  regenerate the cleared area. Likewise, BFD regulates the exploitat ion and 
u t i l i z a t i o n  o f  the remaining mangrove resources by set t ing a standard rate o f  forest charges and 
the licensing system (see Table 10 fo r  other measures). 
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COASTAL HABITATS OF TROPICAL PACIFIC ISLANDS 

Steven S. Amesbury 

Uni versi t y  o f  Guam, Marine Laboratory, Mangi lao, Guam 

ABSTRACT 

Three coastal habitats are addressed: Coral reefs, mangrove swamps, and seagrass beds. 
Typical patterns of zonation and community structure are discussed. Specific attent ion i s  given 
t o  the interactions o f  these three communities, including physical relationships as well as b i o t i c  
interactions. Data are presented from coastal habitats o f  Papua New Guinea that indicate that 
juveniles and adults o f  tropical shorefishes tend to  occur i n  the same habitats thus suggesting 
that seagrass beds and mangrove areas do not serve as nursery areas for the young of coral 
reef-duel1 ing f i sh  species. The importance o f  community interactions to  the proper management of 
tropical coastal habitats i s  stressed. 

INTRODUCTION 

The coastal zone i s  o f  great importance to  the tropical Pacif ic region because there i s  
proportionally so much o f  it. The tropical Pacif ic i s  a region o f  islands, ranging i n  size from 
New Guinea's 800,000 km2 t o  small sand islands o f  only a few square meters. On the smaller 
Pacif ic islands, human ac t i v i t i es  are intimately connected with the coastal zone on a day-to-day 
basis. Even on the larger islands where there i s  substantial inland human a c t i v i t y  (agriculture, 
forestry, mining), the coastal zone i s  the s i t e  o f  the major urban centers and developmental 
ac t iv i t ies .  

There i s  c lear ly  a need f o r  better understanding o f  coastal zone ecosystems i n  the t ropical  
Pacific. How do they work? Why do they work the way they do? And how do coastal ecosystems 
interact? 

DISTRIBUTION OF COASTAL HABITATS 

The term "coastal zone" i s  somewhat o f  a catch-all phrase and i s  used d i f fe rent ly  depending 
upon whether one has a te r res t r i a l  o r  marine perspective. Generally speaking, i t  i s  that part o f  
the marine shoreline and adjacent areas where there i s  a s igni f icant  interact ion between the land 
and the sea. On the ocean side, i t  excludes the pelagic and deep benthic habitats (although they 
may, i n  fact, be s igni f icant ly  influenced by adjacent land masses; Gilmartin and Revelante, 19741, 



and on the land side i t  excludes rainforests and s t r i c t l y  r ipar ian habitats where marine 
influences do not d i rec t l y  make themselves f e l t .  I t thus includes the i n te r t i da l  zone and the 
shallow marine habitats o f  the subtidal. 

The specif ic nature o f  the coastal habitats a t  any par t icu lar  spot depends t o  a great extent 
on the geography and geology o f  the area. 

The islands o f  the Pacif ic can be divided i n to  a number o f  geological types. The f i r s t  
d iv is ion  i s  between oceanic islands, formed by volcanoes ar is ing from the deep ocean f loor ,  and 
continental islands, those located on shallower continental shelves. The islands o f  Micronesia 
and Polynesia (except New Zealand) are examples o f  the ocean type, while the major islands of 
Melanesia and Indonesia are o f  the continental type. 

Secondly, the islands can be divided i n to  high islands, those i n  which the island mass 
extends to  a s igni f icant  height above sea level, and low islands such as at01 1 and barr ier  reef 
islands, which are l i t t l e  more than p i les  o f  sand and boulders heaped up on shallow reefs and 
extending only a few feet above sea level. 

Coral reef development 

Coral reefs develop i n  the tropics i n  clear, we1 1 l i t  waters. Although the coral polyps are 
f i l t e r  feeders, the i r  major source of nutr i t ion,  the one that most influences the i r  pattern o f  
growth, i s  photosynthetic production by symbiotic zooxanthellae. 

Coral reefs are generally well developed around tropical oceanic islands and may take the 
form o f  f r inging reefs, barr ier  reefs, o r  ato l ls .  Reefs do not develop well i n  the v i c i n i t y  o f  
major r i v e r  outflows where turbid, low sa l i n i t y  water reduces the i r  growth and where s i l t a t i o n  may 
smother the coral polyps. Around high islands with major r ivers, channels form through the reefs 
offshore to  these r i ve r  mouths. 

Low islands lack surface drainage and so adjacent coral growth i s  not inhibited. 

Around continental islands, coral reefs can f lour ish i n  clear shallow shelf waters. 

Mangrove swamp development 

Along the shores o f  tropical islands, certain factors promote the development o f  mangrove 
swamps. Among these are low sa l i n i t y  water, sof t  substrate, and protection from wave energy. 
These conditions are best met along protected shores o f  high oceanic and continental islands 
adjacent t o  r i ve r  estuaries. On large continental islands, protection from wave assault can be 
provided by the island i t s e l f ,  and mangrove dominated shorelines are characterist ical ly found on 
the leeward coast o f  these islands. On oceanic high islands, protection i s  provided by barr ier  
reefs, and mangroves shorelines are found on island coasts facing lagoons. Island coastlines with 
only f r inging reef development lack mangrove c m n i  t ies. Occasionally, mangrove species occur on 
low barr ier  reef islands, but extensive mangrove swamps are not developed. 

Seagrass bed development 

Seagrass beds are best developed i n  shallow, protected, subtidal habitats and these are 
generally found adjacent t o  mangrove swamps. Seagrass beds can also be found on f r inging reefs o f  
high islands and i n  a t o l l  lagoons and so do develop i n  some areas lacking adjoining mangrove 
habitats. 



Typical pat tern o f  zonation 

On high oceanic islands, the occurrence o f  these three coastal habi ta ts  i s  t y p i c a l l y  zoned: 
mangrove swamps dominate the is land shore1 ine; subt idal  l y  a band o f  seagrass predominates, which 
gives way a t  increasing distance from the is land t o  cora l - r ich habi ta ts  culminat ing i n  the 
development o f  a ba r r i e r  reef. 

There are many var ia t ions i n  t h i s  t yp ica l  pat tern however. Where ba r r i e r  reefs have not 
developed, mangrove habi ta ts  are generally replaced by sandy beaches and beach strand vegetation, 
and seagrass beds may be t h i n l y  developed o r  absent. Leeward shores o f  cont inental  is lands may 
have wel l  developed mangrove and seagrass habitats,  but coral ba r r i e r  reefs may not occur. 

ECOLOGY OF COASTAL HABITATS 

The physical s t ructure o f  each o f  the three coastal habitats discussed herein i s  provided by 
the bodies (and skeletons) o f  the dominant organisms. I n  the case o f  mangrove swamps, i t  i s  the 
mangrove trees (Avicennia, Rhizophora, Sonneratia, etc.)  which provide t h i s  structure, a e r i a l l y  by 
the trunks and leafy  canopy and i n t e r t i d a l l y  by the proproots and pneumatophores. I n  seagrass 
beds, such s t ructure as ex is ts  i s  provided by the blades o r  st ipes o f  the various species o f  
seagrass (Thalassia, Halodule, Enhalus, etc.1. The calcareous skeleton o f  many species o f  l i v i n g  
and dead hennatypic corals provide the p r inc ipa l  framework f o r  coral  ree f  habitats. 

I t  i s  within,  around, and upon these b i o t i c  s t ructura l  foundations that  the ecological  
in teract ions and relat ionships that  characterize these coastal communities take place. 

Mangrove communi t i e s  

Mangrove communities occur over a gradient o f  environmental condit ions from the landward 
side t o  the seaward side (Johnstone and Frodin, 1982). These condit ions include exposure t o  
dessication and var iat ions i n  sa l i n i t y .  As a r esu l t  o f  these environmental var iat ions, the 
dominant mangrove t ree species are typ ica l  l y  zoned, those species w i th  pneumatophores (Sonneratia 
and Avicennia) occurring more t o  the seaward, and those species w i th  prop roots (Rhizophora) 
occurring more t o  the landward. This zonation a lso appears t o  be re la ted  t o  successional 
processes i n  which the more seaward species tend t o  spread outward, colonizing new marine hab i ta t  
(Johnstone and Frodin, 1982; Lugo and Snedaker, 1974). As they do so they are replaced from 
behind by landward species which favor the th icker  s o i l  and shallower water created by the 
consol i da t  ion o f  s i  1 t by the pioneer species. 

I n  addi t ion t o  the dominant mangrove trees, are a host o f  other vascular plants which 
charac te r i s t i ca l l y  occur i n  mangrove communities (Chapman, 1984). A number o f  these are rooted i n  
the ground amongst the more common species, whi le many are epiphyt ic on the mangrove trees 
themselves. A great number o f  fungi, algae, and l ichens also contr ibute t o  the f l o r a  o f  mangrove 
communities (Chapman, 1984). 

A wide var ie ty  o f  animal l i f e  also inhabits the mangrove swamp. From the t e r r e s t r i a l  side, 
birds, insects, and 1 i zards predominate i n  the canopy. I n t e r t i da l  l y ,  the most conspicuous animals 
are f ishes, gastropod and b iva lve molluscs, and crustaceans such as shrimp and prawns, mud 
lobsters, and mangrove and f i d d l e r  crabs. Less conspicuous, but numerically more important are 
the va r ie ty  o f  substrate dwel l ing miobenth ic  worms and crustaceans (Sasekumar. 1984). 



The mangrove f l o r a  i s  extremely productive and some o f  t h i s  production i s  consumed d i rec t l y  
by herbivorous insects and frugivorous birds. The majori ty o f  the plant productivity, however, 
f a l l s  t o  the substrate as l i t t e r  and provides the basis, along with decaying roots and other 
organic input, f o r  the de t r i t a l  food webs which characterize mangrove comnunities (Por, 1984). 

As th i s  l ea f  l i t t e r  and organic material i s  decomposed by microbial organisms i t  i s  consumed 
by a number o f  invertebrates while various meiobenthic species, notably nematode worms, feed on 
the microbial organisms. The decomposing l i t t e r ,  accompanying bacteria and fungi, and the 
invertebrates that feed on these are i n  turn consumed by the omnivorous crabs, shrimps, and fishes 
which make up the more conspicuous component o f  the mangrove fauna (Por, 1984). 

Seaqrass c m n i  t i es  

Tropical seagrasses come i n  several varieties. The t a l l e r  species (e.g. Enhalus) have 
stipes o f  a meter o r  more i n  length and usually occur i n  s i l t y  habitats. The shorter species 
(e.g. Thalassia and Halodule) rare ly  exceed 20 cm i n  length and, where well developed, occur i n  
extensive meadows i n  clear water on sandy substrates. Prostrate species, such as Halophila, l i e  
on the substrate and never form thick beds. The d is t r ibu t ion  o f  the various species o f  tropical 
seagrasses i s  correlated with water depth and t i da l  exposure (Johnstone, 1982). 

The seagrass blades form a surface fo r  the attachment o f  a variety o f  epibiont ic algae and 
invertebrates, such as hydroides, tunicates, and sponges. The free l i v i n g  fauna i s  dominated by 
small gastropod and bivalve molluscs, crustaceans (notably hermit crabs u t i  1 iz ing the empty she1 1s 
of the gastropods), echinoderms (sea cucumbers, starf ish, and sea urchins), and fishes. A variety 
o f  i n t e r s t i t i a l  meiofauna l i v e  i n  the substrate where the seagrass rhizoids also penetrate. 

Some o f  the primary production o f  the seagrass and associated algae are d i rec t l y  consumed 
and enter herbivore food webs (although there i s  some questions as t o  whether seagrass blades that 
are eaten by herbivorous fishes are actual ly assimilated or  whether only the attached epibionts 
are assimilated while the refractory seagrass are passed re la t i ve l y  in tact  through the gut; 
Bi rkeland and Grosenbaugh, 1985). The most important d i rect  consumers o f  seagrasses are tu r t les  
and dugongs (Johns tone, 1982). 

As i n  the case o f  mangroves, however, much of the production o f  seagrass biomass enters i n t o  
de t r i tus  food webs. Because water c i rculat ion i s  generally bet ter  i n  seagrass beds than i t  i s  i n  
mangrove swamps, much o f  the seagrass detr i tus i s  carried away from the seagrass bed i t s e l f  e i ther  
onto the shore (where i t  contributes to  the de t r i t a l  biomass o f  adjacent mangrove systems) or  
offshore where i t  may be l os t  t o  the island ecosystem. Some o f  th is  material does become buried 
i n  the substrate o f  the seagrass bed and, along with dead rhizoids, i t  i s  decomposed and consumed 
by meiobenthic and burrowing invertebrates. These then are consumed by various 
invertebrate-feeding organisms, notably fishes. 

Coral reef comnuni t ies  

Coral reef communities are by fa r  the most complex o f  the three coastal communities 
considered herein. Hundreds o f  coral species may be found i n  a given reef c m n i t y  and they may 
exhib i t  a wide variety of growth forms from encrusting to  massive to  branching and tabular. 

Coral reefs also have a typical zonation pattern which i s  influenced by the geologic history 
of the island, water c l a r i t y  and l i g h t  ava i lab i l i t y ,  wave exposure, freshwater input, and 
sedimentation. Different species and growth forms of corals are associated with the various reef 
zones (Randall, 1983). 



I n  addi t ion to  habi ta t  structure, the corals provide the energetic basis f o r  coral  reef  food 
chains through the symbiotic zooxanthellae which l i v e  w i th in  the coral  tissues. A va r ie ty  of 
other marine plants also occur i n  reef  habitats,  including a l l  the major groups o f  marine algae. 
The d is t r ibu t ion ,  abundance, and growth forms o f  algae species depends on substrate 
character is t ics  and, t o  a large extent, on grazing pressures by herbivorous fishes. 

In t imate ly  associated w i th  the coral  reef i s  a tremendous d i ve r s i t y  of  marine animals from 
many taxa. Most conspicuous are the reef f ishes and the exchinodem. Equally numerous, but less 
conspicuous because o f  t he i r  c ryp t i c  habits, are molluscs (mainly gastropods but w i th  some notable 
b iva lve such as the t r idacnid clams), crabs, and polychaetes. L iv ing w i th in  the skeletons o f  some 
corals are various burrowing and boring crustaceans and molluscs. Neiobenthic invertebrates 
inhabi t  the sandy substrates w i th in  coral reefs, as do a var ie ty  o f  planktonic organisms, which 
emerge a t  n ight  i n t o  the water column. 

As might be expected from the tremendous d i ve r s i t y  o f  organisms inhabi t ing reefs, coral  reef  
food webs are complex. One major pathway o f  energy leads from the primary production o f  
photosynthetic zwxanthel lae t o  the host coral  t o  the various consumers o f  - coral  t issues 
(p r imar i l y  f ishes and echinoderm). Another major pathway leads from the photosynthetic 
production o f  benthic algae t o  various herbivores ( f ishes, molluscs, crustaceans, etc.  1. Yet 
another pathway i s  generated by reef phytoplankton which i s  consumed by herbivorous zooplank ton 
and subsequently by planktivorous f ishes and corals. 

As i n  the other coastal communities considered, de t r i t u s  food webs p lay an important r o l e  i n  
the energy pathways o f  coral  reef  systems (Kinsey, 1985). Detr i tus  i s  generated from benthic 
a lga l  t issues to rn  f ree  by wave and current action, coral  mucus f locs, the fecal  products o f  
various reef species, and other sources. This mater ial  and i t s  associated decomposition 
microorganisms are consumed by various midwater and benthic p a r t i c l e  feeders, notably f ishes, 
corals, and holothurians. 

INTERACTIONS AMONG CORAL REEF, SEAGRASS, AND MANGROVE COMMUNITIES 

Birkeland and Grosenhaugh ( 1985) recent ly reviewed the 1 i terature on ecological in teract ions 
among mangrove, seagrass, and coral  reef  communities. These in te rac t  ions can be categorized 
broadly as physical in teract ions and b io log ica l  interact ions. 

Physical in teract ions 

Each o f  the three communities exerts s t a b i l i z i n g  influences on the environment which may 
resu l t  i n  important e f fec ts  on the other c m n i t i e s .  

Bar r ie r  reefs protect coast1 ines and the intervening lagoons from currents and wave action. 
This allows sediment t o  accumulate and permits mangrove seedlings t o  take root  and thus promotes 
the development o f  mangrove communities. Mangroves are v i r t u a l l y  absent from oceanic is lands 
lacking ba r r i e r  reef protection. Likewise, the lagoon habi ta t  created by the ba r r i e r  reef  i s  the 
loca t ion  o f  most wel l  developed seagrass beds. Seagrasses do best i n  r e l a t i v e l y  undisturbed sandy 
substrates. 

Seagrass beds themselves are e f fec t i ve  a t  trapping and s tab i  1 i zing sediments. Currents 
passing through seagrass beds are slowed, and suspended sediments f a l l  out. This trapping o f  
sediments may benef i t  coral  reefs downstream o f  seagrass beds by reducing abrasion and sediment 
load on the corals, but i t  a lso e f f ec t i ve l y  excludes the co lon izat ion o f  new cora ls  w i t h i n  



seagrass beds because the substrate i s  i n su f f i c i en t l y  f i r m  t o  a1 low coral  settlement and 
development. 

Mangrove communities provide a bu f fe r  between t e r r e s t r i a l  runof f  and adjacent marine 
c m n i  t i es .  By slowing and d i f f us i ng  freshwater runoff ,  mangroves shore1 ines prevent 
catastrophic s a l i n i t y  f luc tuat ions that  might accompany heavy r a i n f a l l  dur ing t rop ica l  storms. I n  
addit ion, and perhaps more importantly, land-derived sediments are also trapped by mangrove 
communi t i e s  thus sparing nearby seagrass and coral reefs per iodic inundations o f  s i l t .  

B io log ica l  in teract ions 

Among the b io log ica l  in teract ions discussed by Birkeland was the t ransfer  o f  nut r ients  from 
seagrass beds t o  coral  reefs by f ishes which graze i n  seagrass beds a t  night, re turn ing t o  t h e i r  
reef  locat ion by day where they, among other a c t i v i t i e s ,  defecate (Ogden and Zieman, 1977). There 
i s  some evidence that  i n  the Caribbean, such behaviour on the par t  o f  f ishes may enr ich corals 
w i th  nut r ients  derived from seagrass beds and increase the growth rates o f  the cora ls  (Heyer & 
d.. 1983). 

Another b io log ica l  in teract ion between corals and seagrasses i s  the development of 
seagrass-free "halos" around coral  patches w i th in  seagrass beds. There i s  evidence that  these 
halos are formed by herbivores (sea urchins and f ishes) which occupy (or  f requent ly v i s i t )  the 
corals and graze away the surrounding seagrass (Randall, 1965; Ogden & aJ., 1973; Gates, 1986). 

A t h i r d  in te rac t ion  i s  the u t i l i z a t i o n  o f  mangrove and seagrass communities as "nursery 
areas" by the young o f  coral  reef  species (Ogden and Zieman, 1977). While there is-ample evidence 
that  some important f i shery  species o f  shrimps and f ishes u t i  1 i ze  mangrove-dominated estuarine 
habi ta ts  dur ing t h e i r  young stages i n  continental shel f  areas (Adam e t  dl., 1973; Snedaker and 
Lugo, 19731, there i s  no c lear  evidence that  coral  reef  species on oceanic islands do so. I n  fact  
the r i c h  f i s h  communities o f  a t o l l  reefs, where mangrove habitats are lacking, suggest that  such 
nursery areas are not essential. 

To invest igate t h i s  in te rac t ion  further,  Dr. Birkeland and the author ca r r ied  out  f i e l d  work 
i n  the coastal habi ta ts  near Port Moresby, Papua New Guinea, i n  the spr ing o f  1987. A t o t a l  of 61 
visual f i s h  transects were made i n  a var ie ty  o f  coral  reef, seagrass, and mangrove habitats. 
Although the data are not f u l l y  analyzed yet,  some prel iminary resu l t s  o f  t h i s  work are reported 
here below. 

Some 234 f i s h  species were observed dur ing the survey. Sixty-one o f  these species were 
observed as juveniles. Nine species o f  juveni les were seen i n  mangrove habitats, 14 i n  seagrass 
habitats,  and 54 i n  coral  reef  habitats. Of the 54 species seen as juveni les i n  coral  reef 
habitats,  51 were also seen as adults i n  the same habitats. Ten o f  the 14 species seen as 
juveni les i n  seagrass habi ta ts  were also seen as adults there, and 7 o f  the 9 species seen as 
juveni les i n  mangrove habitats a lso were seen there as adults. These resu l t s  suggest that  
j uven i le  f ishes tend t o  mature and l i v e  as adults i n  the same habitats they occupy as juveni les 
and that  the supposed "nursery" funct ion o f  mangroves and seagrasses may not be important t o  the 
reef  f i s h  fauna o f  oceanic islands. 

A fou r th  in te rac t ion  between mangrove, seagrass, and coral  reef  communities i s  through 
d e t r i  t a l  food chains. A1 1 three c m n i  t i e s  produce organic det r i tus ,  but  espec ia l ly  mangroves 
and seagrasses. Water c i r cu l a t i on  tends t o  carry  t h i s  mater ial  throughout the coastal ecosystems 
and thus a considerable amount o f  organic mater ial  i s  red is t r ibu ted  among mangroves, seagrasses, 
and coral  reefs. Furthermore, the t issues o f  seagrasses and mangroves (both t e r r e s t r i a l l y  derived 
vascular p lants)  are ra ther  res is tan t  t o  marine bacter ia l  decomposition. This slow decomposition 
s t a b i l  izes f luc tuat ions i n  de t r i t u s  a v a i l a b i l i t y  and thus s tab i l i zes  f luc tuat ions w i t h i n  de t r i t u s  
food webs. 



CONCLUSIONS 

There are two sides t o  our concern about coastal habitats. On the one hand we want t o  
conserve them because they are valuable to  us: they provide food (Johannes, 1977). bui ld ing 
materials, firewood (Halsh, 1977). s i tes fo r  recreation, and natural beauty. On the other hand, 
many essential, and perhaps inevitable, development needs depend upon our being able t o  use 
coastal areas fo r  shipping fac i  1 i ties, waste discharge, aquaculture development (Macintosh, 19821, 
roads, and l i v i n g  areas. How can we valuate and balance these considerations? O r  perhaps, more 
blunt ly, how much development o f  coastal areas can we get away with? 

I t  i s  not too d i f f i c u l t ,  i n  pr inciple, t o  determine the commercial value of coastal 
resources wi th in an area and compare that t o  the commercial value o f  a high r i s e  hotel o r  a road 
i n  the same area. But u n t i l  we have a better understanding o f  the interact ive relationships among 
coastal zone habitats, we may seriously underestimate the impact o f  such a development on the 
whole system. 
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ABSTRACT 

The paper deals with the public health aspects in relation to coastal area activities, 
particularly in connection with urbanization and industrialization. It describes possible 
hygienic and aesthetic effects of the resulting pollution on the marine ecosystem and living 
resources, and outlines several ways for the protection of the living resources and human health 
against waste discharge on the basis of established water quality criteria. The paper also gives 
the acceptable concentrations of both dissolved gases and inorganics (ions and free elements and 
compounds) in marine or estuarine waters. Finally, the paper briefly reviews the marine pollution 
by oil, pesticides and radionuclides and their health hazards. 

INTRODUCTION 

Urbanization and industrialization including tourist industry and fisheries are the main 
activities of coastal areas. These activities if left uncontrolled will lead to deterioration of 
the environment through the disposal of their wastes. For disposal purposes, we have treated 
land, sea and sky as though they are limitless. In fact they are not. Me have pumped millions of 
tons of particulate matters and noxious gases into the atmosphere, polluted most of our water 
sources and sea, produced so much trash that we are running out of places for proper disposal, 
allowed pesticides to travel a11 through the food chain, accumulated mercury, lead, DOT, and other 
harmful elements in our bodies. 

Also, urbanization and tourist activities are creating locally an imnense sewage load for 
the coastal marine environment. 

The ever increasing amounts of wastes from coastal activities are now interfering with 
marine 1 ife and environment. Industrial wastes often contain substances extremely toxic to marine 
life. 

For this reason a safe way of marine disposal of liquid wastes must be adopted. The basic 
requirement for a satisfactory disposal of any liquid waste to the environment must be the 
adoption of the most economical system consistent with the protection of the community from health 
hazards, with minimum damage to amenity recreational and industrial use of the receiving waters. 
The system adopted should minimize the disruption of the natural environment and avoid undue 
adverse effects on the ecology of plant and animal life. In other words, when a liquid waste is 
discharged into the sea, the concern is directed to the possible hygienic and aesthetic and the 
impact on the fauna and flora in the marine environment. 



PUBLIC HEALTH ASPECTS 

Bathing water 

The possible hazards ar is ing from marine disposal o f  l i qu id  wastes come from two sources: 
the amenity use o f  beaches f o r  ac t i v i t i es  such as bathing, boating, water skiing, skin diving and 
the consumption o f  polluted fish, par t i cu la r ly  shel l f ish. Although no association has been 
established between disease experience and bathing i n  polluted water, there seem t o  be universal 
agreement that bathing i n  polluted sea water increases the mathematical probabi l i ty  o f  contracting 
one o r  more o f  a variety o f  ailments, par t i cu la r ly  those af fect ing the eye, nose and throat 
regions. I t  i s  important that coastal bathing waters be su f f i c ien t ly  free o f  pathogenic 
microbiological l i f e  so that water borne infections do not pose a s igni f icant  health r i sk  t o  those 
who u t i l i z e  them fo r  recreation. There are several potential routes o f  in fect ion that 
microorganisms i n  water may fol low i n  invading a human body. One o f  the more obvious routes i s  
through ingestion o f  a su f f i c ien t  quantity o f  water containing enteric disease producing 
organisms. Up t o  th is  date, there i s  l i t t l e  information concerning the amount o f  water a bather 
o r  swimmer ingests while swindling i n  coastal marine waters. I t  i s  assumed that the volume may be 
qui te small, due to  the saline characteristics o f  the coastal water. 

Another route o f  infect ion i s  through the mucous membranes o f  the eyes, nose and throat. 
These portals o f  entry may resul t  i n  localized infections or  may cause general systemic disease. 
A t h i r d  route may be the mechanical forcing o f  water i n to  body cavi t ies such as the nasal sinuses 
and ears. When th i s  happens the infect ion tends t o  be localized i n  the body cavity i n to  which the 
water was forced. A fourth route i s  through the skin. 

Now there i s  some epidemiological evidence t o  suggest that there may be a posi t ive 
correlat ion between the transmission o f  c m n i c a b l e  diseases and the qua1 i t y  o f  bathing waters, 
i.e. the greater the degree o f  pol lu t ion o f  the bathing water the greater the health r i s k  t o  the 
bather. 

Effects on marine ecosystem and l i v i n g  resources 

The protection o f  any l i v i n g  marine resources can most cer ta in ly  be accomplished by 
protecting the i n teg r i t y  and balance o f  the greater o r  smaller ecosystem o f  which i t  i s  a part. 
Therefore, l i v i n g  resources depend upon the maintenance o f  primary and secondary production, as 
wastes which damage the plankton or  secondary benthos may undoubtedly a f fec t  these resources. 
Both larvae o f  f i s h  and she l l f i sh  are generally more sensitive t o  pol lut ion damage than l a te r  
stages i n  l i f e .  Fish and shrimps nursery areas, i n  part icular,  are often placed i n  shallow 
estuarine or  coastal areas where pol lut ion exterts i t s  major effects. Although f i s h  are 
frequently able t o  swim away from polluted areas, the i r  very young stages are planktonic and d r i f t  
only with tides and currents. Fish spawning and nursery areas are more or  less f ixed i n  position, 
and i f  seriously affected by pol lut ion the stock may be severely damaged. Crustacea have a 
1 imi ted capacity f o r  moving out o f  polluted areas, but mu1 luscs and other exploited invertebrates, 
and especially edible sea weeds are s ta t i c  and may require conditions fo r  the i r  cu l t i va t ion  which, 
i f  altered by pol lut ion cannot be easi ly provided on alternative sites. 

Oxygen depletion due t o  high organic pol lut ion, the supply o f  excess nutr ients and the 
discharge o f  toxic materials produce serious effects on marine ecosystem. A more specif ic r i sk  t o  
health can ar ise from the consumption o f  f i 1 ter  feeding she1 l f i s h  taken from sewage contaminated 
waters, par t icu lar ly  where such she l l f i sh  may be eaten raw or  pa r t i a l l y  cooked. 



There i s  extensive evidence o f  the spread o f  diseases t o  man following the consumption of 
pol luted shel l f  ish. When she l l f i sh  are taken from pol luted areas or  handled under unsatisfactory 
hygienic conditions, they present a high r i sk  t o  the consumer, which increases i n  frequency as 
greater quantit ies o f  shel l f  i s h  a,-e consumed. 

I n  production areas, the handling, processing and transport t o  the consumer o f  she l l f i sh  
should be under the control o f  the public health authorit ies. The implementation o f  an e f fec t ive  
system o f  control may be cost ly t o  both the publ ic health authori t ies and industry. However, 
epidemics o f  she l l f i sh  borne-disease may be more cost ly t o  the c m n i t y  i n  several ways. I n  
addit ion t o  the d i rect  and indi rect  costs o f  the diseases involved, there are further costs t o  the 
she l l f i sh  industry, as a resul t  o f  stopping production, and t o  the tour is t  industry, as a resu l t  
o f  stopping adverse publ ic i ty  often given to  epidemics associated with shel l f ish. 

Generally, f o r  the protection o f  1 iv ing  resources and human health from waste discharge, the 
following should be avoided: 

- C o n c e n t r a t i o n s l i k e l y t o b e d i r e c t l y t o x i c t o a n y s t a g e i n t h e l o n g l i f e c y c l e .  

- Long term exposure t o  lower levels o f  pol lu t ion l i k e l y  t o  cause physiological damage. 

- Bio-accmlat ion leading eventually t o  d i rec t  tox ic i ty  o r  loss o f  qua1 i t y  as sea food. 

- Tainting 

- Reduction o f  growth e i ther  d i rec t ly  o r  by impoverishment o f  food supply, e.g. by excessive 
turb id i ty .  

- Eutrophication 

- A1 terat ion of environment, e.g. by deposition o f  sediments o r  ecosystem inbalance. 

- Accumulation o f  surface films. 

These requirements can be related d i rec t ly  t o  the characteristics o f  the waste, the control 
measures taken and to  the choice o f  means and s i t e  o f  disposal. I n  general, f o r  the protection o f  
aquatic l i f e  the disposal o f  waste in to  the marine environment should not resul t  i n  degrading the 
qua l i t y  o f  water, and should comply with the following concentrations o f  the d i f fe rent  parameters. 

Dissolved Gases 

Dissolved Oxygen: 

Concentrations below 4.0 mg/1 i n  marine or  estuarine waters are unacceptable, and i t  i s  
bet ter  t o  maintain the dissolved oxygen level above 6.0 mg/1, except when temporary natural 
phenomena cause th i s  value t o  decrease. 

Concentrations o f  unionized amnonia i n  marine o r  estuarine waters should not exceed 0.4 
mg/1. However, the maximum acceptable concentration o f  ammonia i n  these waters i s  0.1 o f  the 
%-hour LCw value determined, using the receiving water i n  question and the most sensit ive 
species i n  the l oca l i t y  as the test  organism. 



Hydrogen Sulfide: 

Concentrations o f  hydrogen sul f ide should not exceed 0.01 mg/l i n  marine or  estuarine 
waters. The maximum acceptable hydrogen sul f ide concentration i n  these waters i s  0.1 o f  the 
%-hour LCw value determined, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test  organism. 

Chlorine: 

Concentrations o f  free residual chlorine i n  marine or  estuarine waters i n  excess o f  0.01 
mg/1 are unacceptable. The maximum acceptable concentrations o f  free residual chlorine i s  0.1 o f  
the %-hour LCw value determined, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test  organism. 

Inorganics (Ions and free elfluentslcompounds): 

Concentrations o f  antimony i n  excess o f  0.2 mg/l i n  marine or  estuarine waters are 
unacceptable. The maximum acceptable concentration o f  antimony i n  these waters i s  0.2 o f  the 
%-hour LCcn value determined using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test  organism. 

Arsenic: 

Because o f  the tendency o f  arsenic t o  be concentrated by aquatic organisms, i t  i s  
reconnended that an application factor o f  0.01 be applied t o  the %-hours LCcn value f o r  the 
appropriate organisms most sensitive t o  arsenic. I t  i s  suggested that concentration o f  arsenic 
should not exceed 0.05 mg/1 i n  marine or  estuarine waters. 

Barium: 

The maximum acceptable concentration o f  barium i n  marine o r  estuarine i s  1/20 (0.05) o f  the 
%-hour LCw value f o r  the receiving water i n  question with the most important sensitive species 
i n  the l oca l i t y  as the test  organism. Concentration o f  barium i n  excess o f  1.0 mg/1 i n  marine o r  
estuarine waters i s  unacceptable. 

Beryl 1 ium: 

The maximum acceptable concentration o f  beryll ium i n  marine o r  estuarine waters must not 
exceed 1/100 (0.01) o f  the %-hour LCcn value determined, using the receiving water i n  question 
and the most important sensitive species i n  the l oca l i t y  as the test  organism. Concentration o f  
beryl l ium i n  marine or  estuarine waters i n  excess of 1.5 mg/1 i s  unacceptable. 

Bismuth: 

No level o f  acceptabi l i ty f o r  the concentration o f  bismuth i n  marine o r  estuarine waters i s  
prescribe:!. 

Boron : 

The maximum acceptable concentration o f  boron i n  marine and estuarine waters i s  1/10 (0.1) 
o f  the %-hour LCw value determined, using the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test  organism. 



Bromine: 

The maximum acceptable concentration of free (molecular) bromine in marine and estuarine 
waters is 0.1 */I; further the maximum acceptable concentration of ionic bromine in the form of 
branate in these waters is 100 mg/1. 

Cadmium: 

The maximum acceptable concentration of cadmium in marine or estuarine waters is 1/100 
(0.01) of the %-hour LCcn value determined, using the receiving water in question and the most 
important sensitive species in the locality as the test organism. In waters known to have 
concentrations of copper and/or zinc in excess of 1 mg/1, the maximum application factor for 
cadmium is 1/1000 (0.001) of the %-hour value. Concentrations of cadmium in marine or estuarine 
waters in excess of 0.01 mg/1 are unacceptable. 

The maximum acceptable chromium concentrations in marine or estuarine waters is 1/100 (0.01) 
of the %-hour LCcn value determined, using the receiving water in question and the most 
important sensitive species in the locality as the test organism. Concentration of chromium in 
marine or estuarine waters in excess of 0.1 mg/1 is unacceptable. 

Copper: 

The maximum acceptable concentration of copper (expressed as Cu) in marine and estuarine 
waters is 1/100 (0.01) of the %-hour LCcn value determined by using the receiving water in 
question and the most important sensitive species in the locality as the test organism. 

Concentrations of copper in marine or estuarine waters in excess of 0.05 mg/1 are 
unacceptable. 

Fluorides: 

The maximum acceptable concentration of fluorides in marine and estuarine waters is 1/10 
(0.1) of the %-hour LCcn value determined, using receiving water in question and the most 
important sensitive species in the locality as the test organism. Concentrations of fluoride in 
excess of 1.5 mg/1 in marine or estuarine waters are unacceptable. 

Iron: 

The maximum acceptable concentration of iron in marine and estuarine waters is 0.3 mg/l. 

Lead: 

The maximum acceptable concentration of lead in marine or estuarine waters is 1/50 (0.02) of 
the %-hour LCw value determined, using the receiving water in question and the most important 
sensitive species in the locality as the test organism. Further, the maximum acceptable 24-hour 
average concentration is 1/100 (0.01) of the 96-hour LCw. Concentrations of lead in marine or 
estuarine waters in excess of 0.05 mg/1 are unacceptable. 

Manganese: 

The maximum acceptable concentration of manganese in marine or estuarine waters is 1/50 
(0.05) of the %-hour LCw value determined using the receiving water in question and the most 
important sensitive species in the locality as the test organism. 



Concentrations o f  manganese i n  excess o f  0.1 mg/1 i n  marine o r  estuarine waters are 
unacceptable. 

Mercury: 

The maximum acceptable concentration o f  mercury i n  marine o r  estuarine waters i s  1/100 
(0.01) of the %-hour LCw value determined, using the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test  organism. 

Concentrations o f  mercury i n  excess o f  1.0 mg/1 i n  marine o r  estuarine waters are 
unacceptable. Further, intentional ly adding mercury i n  marine o r  estuarine waters i s  unacceptable. 

Molybdenum: 

The maximum acceptable concentration o f  molybdenum i n  marine or  estuarine waters i s  1/20 
(0.05) of the %-hour lccn value determined, using the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test  organism. 

Nickel : 

The maximum acceptable nickel concentration i n  marine o r  estuarine waters i s  1/50 (0.02) o f  
the 96-hour LC9 value determined, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test  organism. 

Concentrations o f  nickel i n  excess o f  0.1 mg/1 i n  marine o r  estuarine waters are 
unacceptable. 

Phosphorus : 

The maximum acceptable elemental phosphorus concentration i n  marine or  estuarine waters i s  
1/100 (0.01) o f  the %-hour LC9 value determined, using the receiving water i n  question and the 
most important sensitive species i n  the l oca l i t y  as the test  organism. 

Concentrations o f  the elemental phosphorus i n  excess o f  0.1 mg/l i n  marine o r  estuarine 
waters are unacceptable. 

Selenium: 

The maximum acceptable selenium concentration i n  marine o r  estuarine waters i s  1/100 (0.01) 
o f  the %-hour LCcg value determined, using the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test organism. 

Concentration o f  selenium i n  excess o f  0.01 ng/ l  i n  marine or  estuarine waters are 
unacceptable. 

Silver: 

The maximumacceptable s i l ver  concentration i n  marine o r  estuarine waters i s  1/20 (0.05) o f  
the %-hour LCcg value determined, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test organism. 

Concentrations o f  s i l ver  i n  excess o f  0.5 ug/1 i n  marine or  estuarine waters are 
unacceptable. 



Thall ium: 

The maximum acceptable thall ium concentration i n  marine or  estuarine waters i s  1/20 (0.05) 
of the 20-day LCcn value determined, ueng the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test  organism. 

Concentrations o f  thal l ium i n  excess o f  0.1 mg/1 i n  marine or  estuarine waters are 
unacceptable. 

Urani urn: 

The maximum acceptable uranium concentration i n  marine or  estuarine waters i s  1/100 (0.01) 
o f  the %-hours LCcn value determined, using the receiving water i n  question and the most 
important sensitive species i n  the l oca l i t y  as the test organism. 

Concentration o f  uranium i n  excess o f  0.5 mg/1 i n  marine or  estuarine waters are 
unacceptable. 

Vanadi urn: 

The maximum acceptable vanadium concentration i n  marine or  estuarine waters i n  1/20 (0.05) 
o f  the %-hour LCcn value, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test organism. 

Zinc: 

The maximum acceptable zinc concentration i n  marine or estuarine waters i s  1/100 (0.01) o f  
the %-hour LCw value determined, using the receiving water i n  question and the most important 
sensitive species i n  the l oca l i t y  as the test organism. 

Concentrations o f  zinc i n  excess o f  0.1 mg/1 i n  marine or  estuarine waters are unacceptable. 

O i l  pol lut ion 

O i l  pol lut ion i s  popularly regarded as an important contaminant o f  the sea, very largely 
because i t  i s  v is ib le  and i s  a great despoiler o f  coastal amenities. I t  also k i l l s  sea birds, 
part icular ly  the diving birds. 

I n  general, o i l  i s  l igh ter  than water and tends t o  spread f a i r l y  rapidly, forming a th in  
layer which moves over the sea surface under the influence o f  winds and tides. 

I n  temperate and tropical zones o i l s  are biodegradable and also polymerized, under the 
action o f  1 ight  and oxygen, density increases and the part icles may become dense enough t o  sink. 
I n  very cold waters, such as the arct ic, the rate o f  biodegradation appears t o  be very slow. 
Fresh crude o i l  can lose up t o  30% by evaporation i n  30 hours. A much smaller amount can dissolve 
i n  the water which increases the density t o  the sinking point. 

Oi ls  with high wax content o r  which are very viscious do not degrade so rapidly and are 
frequently found on beaches as lumps or  t a r  balls. When highly dispersed, o i l  may be moderately 
toxic t o  marine l i f e  but under normal f i e l d  conditions, tox ic i ty  i s  low. 

In inland estuarine waters o r  enclosed bays o r  similar situations, the e f fec t  o f  the more 
toxic aromatic fractions together with the reduction i n  dissolved oxygen resul t ing from 
biodegradation may produce more marked morta l i ty  i n  many species. 



Some o i l s  contain carcinogenes, and the i r  reported occurrence i n  the food chain as the 
resul t  o f  pol lu t ion could lead t o  some r i sk  t o  man as the ultimate consumer. Fish and shel l f ish 
become tainted i n  polluted areas and become unsaleable. 

I t  i s  recommended that no o i l  o r  petroleum products should be discharged i n to  estuarine or  
marine coastal waters, that: 

- can be detected as a v is ib le  f i l m  o f  petroleum o i l ,  sheen or  discoloration o f  the surface, 
o r  by odour; 

- can cause ta in t ing  o f  f i s h  or  edible invertebrates or  damage t o  the biota; 

- can form an o i l  deposit on the shores o r  bottom o f  the receiving body o f  water; 

Pesticides: 

The maximum acceptable concentration o f  pesticides i n  marine o r  estuarine waters i s  1/100 
(0.01) o f  the 96-hour LCcn value determined, using the receiving water i n  question and the most 
important sensitive species i n  the area as the test  organism. 

Radioactivity: 

The acceptable levels o f  radionunclides i n  sea water are concentrations which are 
su f f i c ien t ly  small, that the concentration i n  any marine organism harvested fo r  human consumption 
w i l l  not cause the to ta l  radionucl ide ingestion by the most exposed group using the food to  exceed 
that prescribed i n  Federal Drinking Water Standards. I f  the consumption o f  these foodstuffs i s  so 
widespread that the aggregate dose to  the exposed population i s  1 i kely t o  exceed 3000 man-reins per 
year. Limitations on the d is t r ibut ion and sale should be considered by the relevant public health 
authorit ies. 

Aesthetic effects: 

A l l  coastal waters should be aesthetically pleasing. The use o f  beaches, shorelines and 
offshore waters fo r  amenity and recreation make i t  necessary to  avoid sewage discharge offensive 
t o  the nose and eyes. The assessment o f  what i s  aesthetical ly acceptable o r  objectionable i s  a 
matter o f  subjective opinion, and although e f fo r ts  have been made to  suggest quantitative 
standards, no authori tat ive standards have yet obtained general approval. Therefore, c r i t e r i a  
concerning these aesthetic characteristics must be general and descriptive rather than specific 
and numerical . 

The basic in tent  o f  these c r i t e r i a  i s  t o  maintain natural conditions o f  beauty and to  
restore degraded conditions o f  the i r  former state o f  amenity. The presence o f  gross solids 
represents the main aesthetic objection to  sea out fa l ls .  When stranded on shore and combined with 
f loa t ing  solids, they may constitute a health hazard. I f  the sol ids are wholly o r  even pa r t i a l l y  
removed, aesthetic objections may be sat is f ied and the health hazard reduced. The breakdown of 
sol ids i n to  f i ne r  par t ic les causes greater exposure o f  sewage microorganisms to  the inimical 
agencies o f  sea water and sunrays and thereby accelerates the i r  death i n  the sea. The presence i n  
sewage o f  grease, o i l s ,  wax and fats results i n  the formation o f  a v is ib le  f i l m  on the surface o f  
the sea i n  the v i c i n i t y  o f  toe discharge point. These materials, which have surface active 
properties, tend to  smooth out ripples and small waves, thus giving a ready indicat ion o f  sewage 
discharge. Standards re la t ing  t o  solids, grease and o i l s  would be part icu lar ly  relevant i f  an 
out fa l l  were to be located o f f  the shore, which i s  continually susceptible t o  onshore winds. I f  
solids, grease and o i l s  come i n  contact with f i s h  caught by trawling, there i s  a r i sk  o f  the catch 
becoming a health hazard and hence f inancia l ly  devalued. 



Colour and odour: 

The incidence o f  detectable odours from marine discharges o f  sewage has recently been the 
subject o f  a preliminary study i n  which an attempt was made t o  re late the presence o f  smell t o  the 
d i lu t ion  o f  sewage i n  a marine environment. 

Indications were that fresh sewage was only detectable when undiluted, and that anaerobic 
sewage might only be detectable i n  a 5% concentration. Colour i s  another aesthetic problem, but 
with enough di lut ion, colour can disappear. 

An i n i t i a l  d i lu t ion  o f  50:l ensures dispersion o f  colouring material and other toxic 
materials discharged with the waste. A d i lu t ion  o f  500:l a t  amenity shorelines i s  advisable t o  
prevent colour and odour. C lar i ty  o f  waters used fo r  bathing and swimning i s  highly desirable 
from the standpoint o f  visual appeal (aesthetics), recreational enjoyment, and safety. Variations 
i n  natural conditions make i t  impracticable t o  establish def in i t i ve  cr i ter ia.  

I n  swiimnng areas, the water should be clear enough so that a secchi disc i s  v is ib le  t o  
depths o f  a t  least 1.25 metres. 

pH value: 

Ideally, the pH of  suimning water should be approximately the same as that o f  the lacrimal 
f l u i d  o f  the eye, i.e. 7.4. However, since the lacrimal f l u i d  has a high buffering capacity, a 
range of values from 6.5 t o  8.5 can be tolerated under average conditions. 

Generally, f o r  aesthetic consideration, the disposal o f  waste should not resu l t  i n  
degradation o f  the aesthetic qual i ty  o f  the aquatic environment o f  the seaside. 

Waste disposal 

The addition o f  the waste should not: 

Drop the pH o f  the coastal waters below 6.5 or  raise i t  above 8.5 

Cause sewage odour a t  beaches; a d i l u t i on  o f  100: 1 o r  even 500: 1 i s  preferable t o  dissipate 
odour-produci ng materials. 

- 
Result i n  reducing the c l a r i t y  o f  water i n  designated bathing and swimning areas t o  allow 
detection o f  subsurface hazards o r  submerged bodies. A secchi disc should be v is ib le  t o  
depths of a t  least 1.25 meters. 

Result i n  changing the physical and chemical characteristics o f  bathing water that render i t  
toxic and i r r i t a t i n g  t o  the skin and mucous membranes o f  the human body. 

Contain chemicals i n  such concentrations as t o  be toxic t o  man i f  small quantit ies are 
i nges ted. 

Contain materials which may set t le  t o  form objectionable o r  undesirable deposits. 

Contain f loat ing debris, o i l ,  scum, and other similar materials. 

Contain substances which may produce objectionable o r  undesirable colour, tastes and/or 
turbidity. 



Effects on other legit imate uses of the sea: 

Some o f  the more important uses o f  the sea are: shipping, f ish ing operations, undersea 
mining, power stat ion operation, industr ia l  ac t i v i t i es  dependent on sea water, desalination, etc. 
Certain of these such as a power stat ion operation, desalination and also most forms o f  
mariculture, require par t icu lar  standards o f  water qua l i t y  and pol lut ion control which must be 
kept f i rmly i n  mind when making a choice o f  treatment and disposal methods. Settleable matters i n  
the waste may inter fere i n  the long run with the shipping routes through the forming o f  sludge 
banks, and also through the blockage o f  cooling systems and the foul ing o f  propellers. Certain 
pollutants may inter fere with the cooling system i n  power plants which take the i r  cooling water 
from pol luted areas i n  the sea. Ocean mining on the bottom o f  the sea and extract ion o f  chemicals 
from sea water may be affected by impurities or  physical obstructions introduced by marine 
out fa l ls .  

Certain sc ien t i f i c  purposes, e.g. nature reserves, w i l d l i f e  conservation (especially o f  sea 
mamnals and sea birds) and marine parks, may be c r i t i c a l l y  dependent upon freedom from pol lut ion 
damage, and the i r  presence may influence waste disposal pol i cy  beyond the i r  imnediate v ic in i ty .  

I t  must also be noted that cultured organisms are essential ly captive and cannot escape a 
toxic water mass. Development o f  c r i t e r i a  f o r  aquaculture should include consideration of:  
environmental s tab i l i t y ,  prevention o f  deleterious chemicals, physical and biological conditions 
and prevention o f  those environmental conditions favourable t o  the development o f  disease. 

Outdoor recreation increases continually, and sea shore recreation ranks as one o f  the most 
important, economically and socially. Floating matters and grease constituents o f  the wastes 
inter fere with these ac t i v i t i es  and should be removed before discharge. 

Final ly, we should bear i n  mind that man i s  the major pol lutant o f  the environment. The 
problem i s  that the way man handled h is environment was mere exploitat ion with a s p i r i t  o f  egoism 
and selfishness, which may have been unconscious, and i f  ignored, the future o f  the resources and 
o f  man himself w i  11 be endangered. 
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ABSTRACT 

The pol l u t i on  load resu 
d i f fe rent  states i s  reviewed. 

l t i n g  from the discharge o f  sewage i n to  the ROPNE Sea Area from the 
The future trends based on available information i s  described. The 

potential  impacts o f  the deposited sewage on the marine ecosystem and public health are also 
discussed. The alternatives f o r  disposal and the re-use o f  the treated eff luents fo r  agr icul tura l  
o r  other purposes and the economic, and social o r  other consequences and the methods fo r  enhancing 
the safe re-use are out1 ined. 

INTRODUCTION 

The APME Sea Area i s  v i t a l  f o r  the mere existence o f  the member states. It i s  used f o r  
transportation, f ish ing and as a source o f  dr inking water via desalination. The importance o f  the 
sea fo r  recreation cannot be overemphasi sed. 

Discharge of sewage i n to  the sea i s  considered one of the major pol lut ion problems. It w i  11 
cause the release i n to  the marine environment o f  organic and mineral substances. Some are 
biodegradable and converted i n to  simple elements, while others may accumulate i n  the water o r  i n  
the sediment. The f i r s t  may be well tolerated, the l a t t e r  may be harmful. Their concentration 
may r i se  i n  the sediments or  may pass through the food chain (Taylor, 1986). 

Generally, three concerns, namely, the determination o f  the aesthetic values, the ecological 
impacts and public health protection are discussed by Price (1980). The appearance o f  an ugly 
floatsum from untreated domestic waste water discharged i n to  the coastal area i s  par t i cu la r ly  
objectionable to  the public (flyers and Ainger, 1980). The ecological impacts resul t  mainly from 
the organic load that cause depletion o f  dissolved oxygen i n  sat isfying the Biological Oxygen 
demand (BOO). Enrichment o f  the sea water by N and P can disturb the nutr ient balance a t  the s i t e  
of the discharge (Taylor, 1986). I t  can enhance the growth o f  certain marine organisms. The 
effect o f  such changes on fishes could be beneficial, however increased overal l  marine 
productivi ty might be detrimental. The nutr ient load i n  the ROM Sea Area resul t ing from the 
sewage discharge should however be compared t o  the nutr ients carr ied by r iver .  I n  extreme cases 
abundant weed growth may be caused, specially i n  low energy areas. Decay o f  these weeds can 
cause oxygen depletion and nuisance. 

Public health may be threatened from the undue r i sk  t o  the bathers who use the coastal area 
f o r  recreation. Other health impacts would resu l t  from consumption o f  sea food contaminated by 
pathogenic organisms. Shel l f ish grown i n  pol luted areas are par t icu lar ly  vulnerable t o  in fect ion 
since they f i l t e r  large volumes o f  water i n  feeding and may be consumed by the people raw or with 
insu f f i c ien t  cooking t o  k i l l  the microorganisms (WHO, 1979). 



The bacteriological standards f o r  bathing water vary between countries. The European 
Economic Community's (EEC) direct ives require that 95% o f  the samples collected fo r tn igh t ly  a t  any 
par t icu lar  point on the shore l i n e  shal l  show a to ta l  col i fonn count o f  less than 10,000/100 ml 
and a fecal col i fonn less than 2000/100 ml (EEC, 1976). Other levels are set f o r  introviruses, 
streptococci and salmonella (Price, 1980). The MHO recannends that the level o f  fecal colifonn 
should not exceed 100/100 m1 f o r  excellent beaches but 40,000 i s  acceptable (WHO, 1974). I n  
U.S.A. the standards was set a t  200/100 ml, not t o  exceed 400/100 i n  10% o f  the samples taken 
wi th in a month (EPA, 1976). Standards followed f o r  I t a l y  (100/100 ml), Belgium (200/100 ml i n  BOX 
o f  the samples) and Sweden (100/100 ml) are probably more s t r i c t  than i n  other countries. USSR 
and Denmark set the standards a t  1000/100 ml and Yugoslavia 2000/ml using the method o f  the most 
probable number (MPN). The proposed standard fo r  Egypt i s  100/100 ml i n  less than 50% of the 
samples and less than 1000/100 ml i n  80% o f  the samples (ASRT, 1985). 

The difference between countries i s  general l y  based on the prevalence o f  potential  l y  water 
borne diseases (cases and carr iers).  More s t r i c t  standards may be enforced i n  certain seasons 
when infectious disease may be more cannon (ASRT, 1985). 

Care should be taken to  provide a balanced outlook on water qual i ty  standards. F i r s t  by 
studying exist ing qual i t ies o f  sea water and the i r  effects on the human environment. Legislation 
should be matched to  prevent spreading disease. Assuming the law i s  designed not t o  be abused, 
too s t r i c t  a legis lat ion may prove unattainable, unreal is t ic  because o f  f inancial constraints, and 
unnecessary because higher permissible 1 imi t s  o f  a par t icu lar  contaminant would obtain the same 
end e f fec t  (Price, 1980). No standards have formally been adopted fo r  the ROPME member states; 
proposals are however being discussed. 

The infect ive dose o f  certain microorganisms as typhoid, cholera or  virus i s  disputed. 
Certain authori t ies believe that 1% o f  those taking a single organism may develop the disease. 
Others report that i t  needs 2-4 microorganisms to  show the symptoms. 

Many investigations show that entrococci are more resistant and can out-survive the B c o l i  
(Vasconcelos and Anthony, 1985). Moreover many viruses may l i v e  f o r  days or  weeks i n  sea water 
depending on a mu1 t i  tude o f  physical, chemical and bacteriological factors. Sedimentation, solar 
energy, biotoxins, ava i l ab i l i t y  o f  nutrients, d i l u t i on  process and pH should be considered. 

The discharge generally takes place from ou t fa l l  situated d i rec t ly  on the coastline. Fig 1 
shows a schematic diagram o f  an ou t fa l l  frequently seen i n  Kuwait. The f igure i s  taken from a 
report prepared f o r  â‚¬ i n  Kuwait f o r  study o f  the water f ront  (El Sarauy e t  a1, 1986). The 
behaviour o f  the water a t  both the low and high t ide  together with the ro le  o f  d i l u t i on  o f  the 
pollutants and the changes i n  the bacteria and algae according t o  the distance from the ou t fa l l  i s  
shown. The f igure i s  jus t  i l l u s t r a t i v e  and i s  not t o  scale. 

The level o f  B c o l i  i n  the coastal area o f  Kuwait i s  being regularly monitored by the 
Environment Protection Departments and i s  published i n  the annual report. Meekly samples are 
taken from 10 sites. The to ta l  col i form and fecal col i form i s  being determined. Determination of 
the fecal streptococco was added i n  1986. The annual mean to ta l  number o f  the to ta l  and fecal 
col i form a t  the d i f fe rent  s i tes i n  the coastal water i n  1985/86 expressed as the N0/100 ml i s  
sumnarised i n  Table (1). For 1985 (EPD, 1986) the highest mean to ta l  col i fonn was observed a t  A1 
Salon (1228/100 ml) and Fintas beaches (1105/100 ml). The level was also high with Abuhalifa 
(989/100 ml) and Fahaheel (927/100 ml). The level was re la t ive ly  lower with Al-Belajat 
(634/1OOml) and Ressila beaches (719/100 ml). 



Table 1. Annual mean of total and fecal coliforms in coastal water, 
Kuwait in 1985 and 1986. 

Location Total Col/ Fec. Col/ Total Col./ Fee. ColJ 

(Beach) 
No. Mean Mean No. Mean Mean 

A1 Salam 
Br. Emb. 
Hi 1 ton 
Al-Shaa'b 
Ras-Al-Ard 
Al-Balajat 
Messi la 
Abu Al-Hass 
Abu Halifa 
Fintas 
Fuhaheel 
A1 -Beds ' s 

Z 1 
22 
23 
24 
25 
Z6 
Z7 
28 
29 
Z10 
Zll 
Z12 

Total 508 538 

The mean number of fecal col ifom was persistently lower than the total. The general pattern 
was however preserved. The mean for A1 Salam Beach (537/100 ml) was quite high. This was 
followed by the beach opposite the British Embassy (426/100 m1) and at Fintas (386/100 ml). The 
minimum was also observed at Al-Belajat (73/100 ml ) and at the reference point (83/100 ml ). 

For 1986 (EPO, 1987) the level of pollution by the total or the fecal colifom was much 
higher than that observed for 1985. For the total colifom the levels were quite high for A1 
Salam Beach (9170/100 ml), the beach opposite to the British Embassy (5590/100 ml) and at (26) A1 
Belajat beach (4040/100 ml). The minimum was observed at the reference point (650). The mean 
number of the fecal colifom also seem to follow the fluctuation in the total colifonns. The 
maximum was observed at A1 Salam (Zl) (2330/100 ml). The minimum was found at A1 Shaab (24) and 
A1 Beda beach (2121, Messila (27) and at Hasaina beach with a mean of (280/1OOml) each. 

The monthly distribution of both types of microorganisms for the two years is summarized in 
Table (2). For 1985. the highest monthly mean total coliform was observed in March (1413/100 
ml). The mean was also high in September (1197/100 ml) and October (1127/100 ml). January had 
the lowest mean (340/100 ml). The mean for Nov. (588/100 ml) and February (687/100 ml) came 
next. The mean fecal colifom is also shown in the Table. Much higher levels were observed also 
in March (438/100 ml), April (373/100 ml), September (488/100 ml), and October (424/100 ml). The 
minimum was seen in January (lO4/lOOml) and November (l79/100 ml) compared to the other months. 



Table 2. The monthly mean number o f  the to ta l  and fecal coliforms i n  the 
coastal sea Mater samples, Kuwait (Em) i n  1985 & 1986 

Month 
Total Fecal Total Fecal 

January 
February 
March 
Apri 1 

May 
June 
July 
August 
September 
October 
Noventer 
December 

For 1986, as was observed with the geographical distr ibut ion, the levels were re la t ive ly  
much higher than those observed fo r  1985. The maximum mean to ta l  col i fonn was reported i n  May 
(7159/ml). The mean was also high i n  Apr i l  (6484/100 ml). I t  was appreciably lower f o r  the other 
months. The minimum was observed i n  August (806/100 ml) and September (853/100 ml). The monthly 
d is t r ibu t ion  f o r  fecal col i form fo r  1986 was seen t o  fol low the d is t r ibut ion o f  the total.  The 
minimum was qui te high fo r  May (2466/100 ml) and Apr i l  (152WlOOnl). This was followed by the 
mean f o r  January (1177/100 ml) and February (1183/100 ml). The minimum i s  observed i n  June 
(77/100 ml 1. I t  was also low fo r  August (125/100 ml and September (167/100 ml ). 

I t  could be concluded that the sewage discharged i n to  the coastal areas o f  Kuwait i s  causing 
po l lu t ion  by fecal col i fonn and that there was much f luctuat ion between the dif ferent sites. The 
levels were appreciably higher i n  1986 but marked monthly fluctuations were encountered. 
Moreover, there i s  some information which indicates that the s i tuat ion was the same fo r  a number 
o f  years. 

Many high qua1 i t y  investigations were done by the Kuuai t Ins t i t u te  fo r  Sc ien t i f i c  Research 
(KISR) (A1 Mossawi & a, 1979) and by Kuwait University (Salem and Salama, 1981). Ant ib iot ic  
resistant strains was investigated i n  the area opposite the hospitals (A1 Mossawi e t  al., 1982). 
An investigation f o r  the Kuwait Water Front sponsored by the â‚¬ examined the prevalence o f  the 
major types of entrobacteria that were found i n  each month during a complete year (A1 Saraui & 
aJ., 1986). A1 Mossawi & aJ., (1983) used clams as indicators o f  pol lut ion. 

No epidemiological surveys were done to  investigate the impacts of the pol lut ion o f  the 
beaches i n  Kuwait on the health o f  the bathers. Moreover, no data are available fo r  the ROPME Sea 
regions; however the r i sk  may be signif icant. The case o f  Alexandria, Egypt, may be o f  special 
significance since i t  was done i n  an area o f  s imi lar  geographical characteristics (ASRT, 1986). 
The socio-economic characteristics o f  the population and the prevalence fif communicable diseases 
i n  Alexandria. Egypt. i s  not very dif ferent from what i s  found i n  Kuwait or i n  the ROPRE Sea 
Area. The investigation was a longitudinal one that took 3 years and included examining the 
health status o f  those using 3 different beaches f o r  bathing with s igni f icant ly  d i f fe rent  levels 
o f  pol l u t  ion by raw sewage. 



A t  the time o f  investigation, 81 minor shore outlets were used t o  discharge raw sewage. 
Moreover the major sewage ou t fa l l  extending fo r  735 m a t  a depth o f  16m a t  the seaward side, was 
broken 300m from the shoreline. 

The investigated subjects were divided i n to  two categories: those l i v i n g  permanently i n  
Alexandria and those coming for sunnier vacation. The two groups were further divided i n to  bathers 
and non-bathers. The survey was directed to  f i nd  out the difference i n  the incidence of 
gastroenteri t is and certain other diseases that are transmitted by water as infect ion of the 
external ear, and eye or  skin lesion between bathers and non bathers. 300-400 families were taken 
from the attendants o f  each o f  the 3 beaches. The results are sumnarised i n  Table 3. 

Signif icant differences i n  the incidence o f  complaints were found out between the bathers 
and non bathers attending the 3 beaches. The difference was much higher among the suinner v i s i t o rs  
compared to  the local group and th is  was found f o r  2 o f  the 3 beaches. However, the to ta l  score 
fo r  the difference i n  case o f  the sunnier v is i to rs  attending sporting (14.76) and Ibrahimiya 
(10.68) were appreciably higher than the corresponding scores fo r  the local group (8.62 and 6.40) 
respectively. The difference was not that marked with Montazah attendants, where the scores were 
3.79 and 3.91 f o r  the v i s i t o r  and local groups respectively. The difference could be explained by 
the proximity o f  each o f  the beaches to  the points o f  sewage discharge and hence the level o f  
pol lu t ion by human excreta. The geometric mean fo r  col i fonn using the MPN and % confirmed fecal 
streptococci a t  the 3 beaches i s  sumnarized i n  Table 4. I t  could be seen c lear ly  that the level  
a t  the beach i n  which the higher prevalence o f  symptoms were reported (sporting) had also the 
highest pol lu t ion by the two types o f  microorganisms. The least polluted beach was the Nantazah, 
where the symptoms were s igni f icant ly  much lower (ASRT, 1986). 

The other type o f  health impact i s  through the consumption o f  toxic materials. Discharge o f  
waste water ar is ing from industry may contain toxic substances. Certain heavy metals and non 
biodegradable chemical (BCP and pesticides) are l i k e l y  t o  persist i n  the marine environment and 
w i l l  probably bu i ld  up i n  the food chain (Taylor, 1986). O i l  po l lu t ion may resu l t  from the 
refinering, transportation or  d r i l l i n g  fo r  petroleum. Moreover, o i l  discharged through the 
sewerage system i s  frequently reported. 

Table 3. The difference i n  the prevalence o f  water-borne infectious diseases 
among the bathers and non-bathers attending the 3 beaches o f  Alexandria, Egypt. 

(Sunnier v is i to rs  and Local Group) 

Sunnier v is i to rs  Local group 

Infec. Dis. Sporting Ibrahimiya Montazah Sporting Ibrahimiya Montazah 

Fev. 2.1 + 1.0 + 0.4 + 1.0 + 0.3 + 0.3 + 
Diar. & van. 5.0 + 2.0 + 0.1 + 2.4 + 1.4 + 0.4 + 
URT 2.6 + 2.3 + 1.4 + 1.0 + 0.9 + 0.6 + 
O t i t i s  ext. 0.6 + 0.9 + 0.6 + 0.9 + 0.8 + 0.2 + 
Eye inf .  0.7 + 1.1 + 0.3 - 0.6 + 1.3 + 0.9 + 
Skin in f .  2.6 + 3.4 + 1.7 + 2.7 + 1.8 + 0.5 + 

Total 14.8 + 10.7 + 3.8 + 8.6 + 6.4 + 3.9 + 

Quoted from ASRTE (1985). 



Table 4. The number of the total and percentage of fecal coliform, together with 
fecal streptococci and percentage confirmed in the 3 beaches of Alexandria, Egypt 

included in the investigation. 

Total Col iform Fecal Streptococci 

Sporting Ibrahimiya Montazah Sport Ibrahimiya Montazah 

Number 11481 1862 316 32387 1622 933 
Summer 

% fecal/conf . 79 7 4 36 89 87 79 
N W e r  25119 1995 64 117490 3239 407 

Winter 
% fecal /conf . 89 65 8 85 83 59 

Quoted from ASRTE (1985). 

SEWAGE DISCHARGED INTO THE ROPNE SEA AREA 

Two investigations were done to estimate the volume and the quality of the sewage being 
discharged into the ROPflE Sea Area. The first was done by a UNEP expert group in 1980 in the 
context of investigating domestic pollution in the R O M  states (Hamza, 1980). The second was 
done for ROPNE in 1986 by a group of consultants (Taylor, 1986). The second study is rather 
comprehensive and covered the urban centres in the coastal area, development of the sewage system, 
the existing sewerage, the annual pollution load from the domestic waste water and the future 
discharge to the ROPdE Sea Area from each state from which the information Mas made available. 
The report, distributed as a ROPME document, was based on the information provided by the Member 
States in response to a questionnaire which was mailed to them. The Islamic Republic of Iran and 
Iraq did not respond and very little information was available from the 2 states. Only the 
highlights of the report is being presented in this paper. More details are available the 
document. 

The volume of the sewage discharged into the Sea Area from the coastal areas of the 
different sites is summarized in Table 5. From Bahrain, a total of 115,000 d of both treated 
(TSE) (74.0%) and non treated water (UTSE) (26.0%) is being discharged daily into the Sea Area. 
Most of the untreated sewage is disposed of into the land. The design specification, the length 
or depth at the sea side of the outfall is not reported. Presently none of the TSE is used for 
irrigation. The effluent contains 3200-4000 mg-litre TOS. All the sludge is being disposed of 
into the land. 

From the Islamic Republic of Iran the available information denotes that a total of about 
60165 m3 of waste water is being discharged into the Sea Area with almost 79.3% treated. Most 
of the treatment works are package plants serving specific development. The level of treatment 
provided at each is not known. Moreover, the location of the sea outfails is not reported. Major 
sources of discharge include Abadan and Khoramshaher. Sewage from these centres (BOX untreated) 
is discharged in Krun river (Niyati and Keyrani). Untreated sewage from Mashur and Bandur 
Khmyni is discharged into Khowr El Rosa estuary. However, self purification of the rivers will 
probably remove 50% of the organic load by the time the effluent reaches the ROPME Sea Area. 



From the Republic of I raq most o f  the sewage conies from the town o f  Basra (1 mi l l ion)  100 km 
inland. A sewage system was commissioned for  the c i ty .  The f i r s t  two phases o f  the system are 
completed. The qual i ty of water being discharged in to  any r i ve r  i n  the Republic i s  set and a 
ministerial  order was passed t o  regulate that. The design o f  the sewerage i s  based on an estimate 
o f  125 litres/head/day. For the industr ial  eff luent, amounting t o  25% of  thedesign volume, only 
primary treatment i s  provided. The qual i ty  o f  the water o f  Shatt El Arab i s  being monitored 
regularly. 

The volume o f  water discharged from Kuwait amounts t o  83,000 $/day, mostly treated 
(85.0%). Most o f  the eff luent i s  treated t o  the te r t ia ry  level and i s  being used fo r  i r r igat ion.  
Par t ia l l y  treated eff luent amounting t o  11,800 meter i s  discharged da i ly  from the Ardiya plant to  
the sea owing t o  overloading o f  the system. Also raw sewage i s  occassionally discharged from 
several pumping stations i n  the event o f  fai lure. The eff luent qual i ty i s  monitored t o  determine 
i t s  usabi l i ty  fo r  agriculture. I n  general, 14.6% o f  the water reaching the sewage treatment 
plants come from industr ial  sources, usually l i g h t  industry. The ef f luent  has notably low 
sal in i ty .  

Table 5. The volume o f  sewage ef f luent  discharged in to  ROPRE Sea Area 
from the di f ferent  states according to  the type o f  treatment 

Treated Non Treated Total 

Vol . i Vol . % Vol . % 

Bahrain 85,100 74.0 29,900 26.0 115,000 100 
I ran 12,475 20.7 47,690 79.3 60,165 100 
Iraq 
Kuwai t 71,400 85.8 11,800 14.2 83,200 100 
Oman 5,OOo 100 0 0 5,000 100 
Qatar 0 0 0 0 0 100 
S. Arabia 160,000 95.2 8.00 4.8 168,000 100 
Emirates 53,000 96.0 2,050 3.7 55,000 100 

Very l i t t l e  eff luent i s  probably discharged in to  the Sea from the Sultanate o f  Oman. 
The estimated volume i s  about 5000 &/day. The majority i s  chlorinated and i s  discharged 
from a 700 m sea out fa l l .  Very l i t t l e  ef f luent  i s  presently used fo r  i r r igat ion.  The 
content o f  the septic tanks i s  discharged t o  land t ipping sites. 

From Qatar no sewage i s  regularly discharged in to  the Sea. The treated ef f luent  has 
always been discharged in to  the desert o r  u t i l i zed  fo r  i r r igat ion.  Only surface water 
ranging from 5,000-16,000 &/day with high sa l i n i t y  i s  dumped in to  the sea. The sa l i n i t y  
o f  the TSE i s  quite high and measures are taken t o  improve the qual i ty t o  make i t  more 
suitable fo r  i r r igat ion.  

The Saudi Arabian coast l i n e  i s  the most extensive. Sewage systems have been 
operational i n  many coastal urban centres fo r  several years. A t  the time being, about 16,000 
m? o f  treated and 8,000 & untreated ef f luent  i s  being discharged from sea out fa l l s  i n to  
the ROPRE Sea Area from seven urban centres i n  addition to  discharges from Annaco package 
treatment plants. Ful l  u t i l i z a t i o n  o f  3,400 m^/day representing 83.0% o f  the TSE f o r  
agriculture i s  planned. 



From the United Arab Emirates, 55,000 $/day i s  discharged in to  the Sea. Mostly 
treated (96.0%). I n  Abu Dhabi, the majority of the TSE (73%) i s  u t i l i sed  fo r  i r r igat ion.  It 
i s  planned t o  use a l l  waste water by 1995. I n  Dubai, the sewage i s  serving 60% of the 
population. About 400 m  ̂ o f  untreated sewage i s  discharged da i ly  from an emergency 
out fa l l .  Another 100 &/day i s  discharged through unauthori sed connections. From Sharjah 
te r t i a ry  treated ef f luent  i s  available and i s  mostly used for  i r r i ga t i on  though i t  had a high 
sa l i n i t y  (10,000 EC). Most o f  the eff luent received by the sewage treatment plants i n  U.A.E. 
have about 5% o f  industr ial  effluent. 

The estimated pol lut ion load reaching the ROPME Sea Area with the discharge o f  sewage 
from Bahrain, Kuwait, Saudi Arabia and U.A.E. i s  shown i n  Table 6. No ef f luent  reaches the 
sea from Qatar and the information i s  not available fo r  either I ran o r  Iraq. The to ta l  BOO 
load i s  7,650 ton/year. Similar loads come from Bahrain (2,647 tons), Kuwait (2,342 tons) 
and Saudi Arabia (2,191 tons). The load reaching the sea from the Emirates was signif icantly 
lower (469 ton/year). The suspended solids (SS) amounted t o  8,019 tons. Bahrain contributed 
a higher load (3,097 tons) compared to  e i ther  Kuwait (1,735 tons) o r  Saudi Arabia (2,580 
tons). 

Table 6. The pol lut ion load discharged in to  the ROPME Sea Area from the 
di f ferent  states. No wastewater i s  discharged from Qatar, detai ls  
from Iraq and Iran are not available and insuf f ic ient  information 

was provided by Oman. 

LOAD CURRENTLY DISCHARGED FROM MEMBER STATE ( Ton/yr . 
POLLUTANT 

BAHRAIN KUMAIT SAUDI ARABIA U.A.E. ( Ton/yr . 
BOO (5) 
ss 
SULPHIDE 
AMMON.NITR. 
NITRITE NITR. 
NITRATE NITR. 
CALCIUM 
MAGNES I UM 
SODIUM 
POTASS I UM 
CHLORIDE 
SULPHATE 
ALKALINITY 
PHOSPHATE 
MERCURY 
BORON 
CADMIUM 
ZINC 
COPPER 
NICKEL 
ANIONIC OET. 
RESIDUAL CHL. 
C.O.D. 

2,342.8 
1,735.3 

87.4 
935.3 
25 

1,284.5 
- 
- 
- 
- 

8,935.2 
9,195.8 
9,121.3 

968 
FREE 

12.6 
2.4 
0.4 
0.3 
0.7 

- 
10.4 

4,712.6 

- Data not provided. 



Analysis for  sulphides was only available fo r  Kuwait and U.A.E. This was also seen for 
boron, cadmium, zinc, copper, nickel and residual C12. The load for  chlorides 85,942 tons 
was mostly contributed by the UAE (20,337 tons) and Saudi Arabia 43,768 tons. Analysis of 
calcium and magnesium, were done only fo r  UAE. 

The characteristics o f  the sea area t o  which the ef f luent  i s  being discharged i s  rather 
c r i t i ca l .  These have been reviewed by several authors, fo r  example, Taylor, (1986). The 
relevant characteristics o f  the sea area include c lar i ty ,  high incident sunlight, temperature 
and dissolved Oxygen (Myers and Ainger, 1980). I n  ROPME Sea Area away from the wave action 
o f  the shore zone the water i s  generally clear and i t  i s  not unusual to  be able t o  see t o  the 
depth of 20 metres or  more. This i s  due t o  the low phytoplankton levels and the general low 
level o f  biological productivity i n  the water column result ing from low concentrations of 
nutrients. The climate o f  the area, with long periods of clear skies, combined with the 
c l a r i t y  of the water ensure that the waters are subjected to  the action o f  sunlight over long 
periods and to  a great depth. Areas subjected loca l ly  t o  discharges of nutr ients from wastes 
may experience intensive growth o f  phytoplankton. Where nutrients are maintained below the 
level which stimulates algal growth, the sunlight has a considerable bactericidal e f fec t  on 
col i fonn organisms. Based on the experience from the Redi terranean, the time taken to  reduce 
colifonn bacteria by 90 percent (T901, i s  probably less than 3 hours (Gameson and Gould 
1974). The time o f  viruses t o  reach similar levels o f  d i lu t ion  i s  probably longer (WHO 
Scient i f ic  Group, 1979). 

I n  ROPRE Sea Area current velocities are generally low. Normal velocit ies o f  15 d s e c  
are found and average values i n  the main body o f  the sea are frequently o f  the order of 5 
d s e c .  As a consequence, eff luents discharged a t  a distance from the coast l i n e  w i l l  move 
onshore only slowly and the suspended matter w i l l  se t t l e  out rapidly. 

During the winter months, due t o  mixing processes, the difference i n  temperature 
between the lower and upper levels o f  the sea i s  re la t ive ly  small. However, during the 
spring and early sunner the surface layers are rapidly warmed, forming a low density st rata 
from the surface to  a depth sometimes reaching 15 t o  20 metres. Effluents mixed with cold, 
denser seawater by a seabed di f fuser system rises only as fa r  as these layers and i s  then 
trapped beneath them. Thus, during the important sunnier months, eff luents trapped i n  th i s  
manner w i l l  never reach coastlines except i n  the areas which experience the unusual 
phenomenon o f  upwell i ng . 

The waters o f  the ROPME Sea Area i s  often saturated with dissolved oxygen, though the 
level may be low compared with other seas due t o  the high temperatures. Except where 
pol lut ion has resulted i n  algal growth, i t  i s  not unusual f o r  the waters t o  be supersaturated 
with dissolved oxygen. However, even given these low values, the oxygen demand o f  eff luents 
discharged t o  the sea may be sat is f ied many times over, given appropriate design o f  the 
dif fuse sys tern. 

Comparison between the conventional inland sewage treatment practices with marine 
treatment by long out fa l l  i s  being discussed frequently fo r  the coastal areas (Price, 1980). 
The choice o f  the treatment system i s  dependent on a number o f  factors, including the area o f  
land available, proposed sludge disposal arrangements, capital cost, ease o f  operation and 
maintenance. It should be emphasised that the eventual degree o f  pur i f i ca t ion  w i l l  also 
depend on many factors, including the strength o f  the untreated sewage, design o f  plant and 
competence o f  operation (Price, 1980). 

Sites selected fo r  inland treatment works should sat is fy certain requirements (Price, 
1980). Where possible, the s i t e  w i l l  be, below a l l  properties t o  be served, t o  enable flows 
t o  gravitate t o  the works without unduly f l a t  sewer gradients. I t  i s  bet ter  located about 



1 krn from any residential development and leeward of the prevailing winds to minimize any 
nuisance resulting from operational difficulties. Stable sub-soil at the site is required to 
avoid expensive foundation works. Land for construction and future expansion should be 
available. Reasonable access for heavy lorries to ease construction and to operate and 
maintain the works, particularly for sludge removal is important. The majority of 
development in the coastal region is placed along the shoreline thus making sewage treatment 
works difficult to locate. The lowest point or an urban complex is usually by the shore at 
the town centre. Sewage would have to be pumped some considerable distance to treatment site 
upland (Price, 1980). 

In the conventional treatment works, the bulk of mineral and organic matter is 
separated from the water. The resultant water together with about 10 percent of the organic 
impurities is passed out of the works as effluent, while the remaining matter must be 
disposed of as concentrated liquid sludge. Treatment/disposal of sludge is generally the 
most difficult and expensive part of any sewage works operation and one which is likely to 
cause odour and other nuisances. A population of 200,000 would produce daily some 350 tonnes 
of wet sludge at 97% moisture content. Treatment generally involves digestion/dewateri ng 
before disposal or util isation. There are a variety of disposal processes practised, a1 1 of 
which are extremely costly disposal methods (Price, 1980). 

Any sludge disposal scheme should provide at least emergency storage of about one 
month's production. Host sludges have a high moisture content, incineration can only be 
considered seriously, if communes were to use the same process for the disposal of their 
domestic solid wastes, and even then there are problems (Price, 1980). Controlled tipping of 
sludge may present a potential hazard to pol luting the groundwaters. Increasing scientific 
interest is being applied to sludge utilisation as an agricultural or horticultural 
fertiliser. If this were to be adopted, it is essential that treatment includes heated 
digestion because some viruses and bacteria, including Escherichia &, salmonella and other 
pathogens can be retained in raw sludge. Raw sludge also contains large concentrations of 
heavy grease which, when decomposed within the soil, can lower the pH to produce acid 
conditions (Price, 1980). Raw sludge can contain weed seeds and may hold eelworm, tapeworm 
and helminthic cysts affecting cattle as well as humans. 

Sludge digestion does not remove trace metals such as zinc, nickel and chromium. The 
uptake of these metals by plants is dependent on several factors related to the soil, but 
excessive dosing by sludge could increase the trace elements beyond tolerable 1 imi ts. 
Spreading treated sewage sludge onto land as a soi 1 condi tioner/ferti 1 izer is probably the 
most economic disposal process. However, appl ication entai 1 transporting sludge to 
agricultural areas at some distance from a treatment works, thus eroding any positive 
cost-benefit. Where industrial effluents are combined with domestic sewage for treatment, the 
sludge may contain toxic industrial effluents and thus may not be suitable for land disposal. 

SEWAGE DISCHARGE INTO THE MARINE ENVIRONMENT 

The marine environment is a good a1 ternative in coastal areas for disposal of domestic 
sewage. After domestic sewage has been diluted one hundred times with clean sea water, i >. is 
indistinguishable from a secondary treated effluent bacteriologically and is superior in 
quality from the point of view of biochemical oxygen demand and suspended solids. The 
natural purification processes of oxidation and disinfection treat the raw sewage so that 
eventually no change in the character and composition of the sea can be detected (Price, 
1980). 



The principal conditions t o  be achieved i n  the selection o f  any ou t fa l l  should be that 
the combined effects o f  wind, t ide  and current ensure that no sewage can reach any part o f  
the shore or  target area without suf f ic ient  time has elapsed fo r  adequate d i l u t i on  and 
pur i f i ca t ion  o f  organic pollutants and morta l i ty  o f  bacteria t o  have taken place. The 
discharge point and type o f  discharge nozzle should be such that the d i l u t i on  i s  great 
enough, t o  avoid the formation o f  a s l ick.  Where a s l i ck  i s  inevitable, discharge should be 
far enough o f f  shore to render i t inoffensive to  people u t  i 1 i s i  ng recreational areas. 

The s i t i ng  and type of diffuser should take local f ish ing interests i n to  
consideration. The sea bed topography and geology should make the construction o f  the 
submarine pipeline pract ical and economic. I t  i s  fundamental t o  any sea ou t fa l l  that the 
flows ar r iv ing  a t  the discharge point should be comminuted and screened to  produce f i ne l y  
divided part icles free from gross solids. This process w i l l  provide the maximum interface 
between sewage and oxygen dissolved i n  the sea t o  accelerate the natural pur i f i ca t ion  
process. It i s  very important that machinery chosen f o r  t h i s  operation should be designed t o  
divide the part icles in to  a size not greater than 12 run i n  diameter. Disinfect ion together 
with drum screens can reduce bacterial concentration by three orders o f  magnitude o r  more. 
However, other sewage parameters are l i t t l e  changed. Such a process can reduce the length o f  
the o u t f a l l  but can only be used where the shorter ou t fa l l  i s  compatible with water qua l i t y  
standards set fo r  other sewage constituents. A t  present, chlorinat ion i s  the only viable 
choice fo r  disinfect ion o f  raw sewage. The coastal location o f  marine out fa l l s  i s  a t t rac t ive  
f o r  on-site electrolysis o f  sea water fo r  chlorine production. To avoid the hazards required 
for transport and storage o f  C12. 

The d i l u t i on  o f  sewage discharged i n to  the sea by a submarine pipel ine a t  sea bed level 
some distance from the shore f a l l s  i n to  three main categories. I n i t i a l  d i lu t ion,  which 
occurs between the point o f  discharge and surface, secondary d i l u t i on  which i s  dependent upon 
the natural mixing forces o f  the sea caused by i t s  turbulence, currents and eddies induced by 
wind and t ide  and d i l u t i on  made possible by the d ie-of f  rate o f  bacteria (Price, 1980). The 
i n i t i a l  d i l u t i on  o f  sewage discharged from a submerged pipe depends on the velocity o f  the 
j e t  leaving the pipe, the diameter o f  the outlet,  the depth o f  water over the ou t fa l l  and the 
ambient velocity a t  the point of discharge. 

I t  has been suggested (White and Agg, 19751, that an ou t fa l l  positioned close to  a 
shoreline should be designed to  give a higher i n i t i a l  d i l u t i on  than one further out t o  sea. 
A t  distant points offshore, i n i t i a l  d i lu t ion  would become re la t ive ly  less important. 

Newton (1975) observed that a s l i ck  w i l l  occur when i n i t i a l  d i l u t i on  i s  less than 100 
but i s  most unl ikely t o  occur when i n i t i a l  d i l u t i on  i s  i n  excess o f  400. Between these two 
d i l u t i on  levels, s l i ck  formation w i l l  depend upon the grease content o f  the sewage. 

The point o f  discharge usually consists o f  a number o f  di f fusers spread along the 
length o f  the las t  100 or 200 metres o f  the ou t fa l l  pipe, each o f  which discharges a 
horizontal j e t  of sewage i n to  the sea jus t  above sea-bed level. Once the sewage i s  released 
from the dif fuser, the ensuing turbulence achieves an i n i t i a l  mixing and d i l u t i on  with the 
sea; because the sewage, which i s  mainly composed o f  fresh water, i s  l igh ter  than sea water, 
the mixed waters then r i se  to  the surface o f  the sea i n  a "plume" with further mixing and 
d i l u t i on  taking place (Price, 1980). 

Af ter  reaching the surface the mixed waters move with the rest o f  the sea, there i s  a 
rapid rate o f  die-off  f o r  col i form bacteria. The "190" f igure can vary considerably, but i n  
the sunnier months i t  was between 1.2 and 2 hours i n  the marine environment (WHO, 1979). 
Af ter  two hours, the natural d i l u t i on  o f  the sewage may be as great as 1000 before any 



account i s  taken o f  pur i f i ca t ion  o r  d is infect ion aspects. W e l l  before th i s  time, the 
d i l u t i on  and natural pur i f i ca t ion  w i l l  have made i t  impossible t o  detect the presence o f  
sewage by physical and chemical indicators. 

This comparison shows that properly designed marine treatment produces a sat isfactory 
degree o f  treatment and should be more than acceptable. During the past decade, there has 
been a remarkable advance i n  the technology o f  laying submarine pipelines. I t  i s  now 
possible t o  construct sea out fa l l s  which terminate i n  much deeper waters than was previously 
possible. 

The older shorter ou t fa l l s  earned "sea out fa l l s "  a poor reputation. There i s  no doubt 
that many such o ld  ou t fa l l s  are most unsatisfactory. Chemically, the health r isks associated 
with untreated sewage discharges from a correct ly designed long sea ou t fa l l  are minimal, as 
indicated by epidemiological studies o f  i l lness  associated with swimming i n  sea water 
receiving sewage discharge (Cabelli, 1978). The s i tuat ion does not appear t o  warrant 
spending large sums o f  money on research t o  f i l l  the gaps between the bacteriological 
evidence showing the presence o f  known pathogens and the epidemiological evidence suggesting 
an absence o f  any ef fect ive health r i sk  (Jaeger Report, 1970). During 1975, sea water 
samples were taken from above the new long sea ou t fa l l  a t  Hercegnovil f o r  bacteriological 
examination. I n  every case, the col i form count was found to  be less than 500 per 100 ml 
which more than adequately complies with many publ ic health standards. 

Inland treatment works are l i ab le  t o  have occasional smell and operational problems and 
should be s i ted as fa r  as reasonably possible from residential  development. A sewage works 
s i ted i n  otherwise undeveloped land i s  a visual intrusion, and reduces the publ ic 's potential 
enjoyment o f  the area. Road haulage tankers that transport the sludge cause further 
disturbance. The preliminary treatment works o f  a long sea ou t fa l l  consists o f  very smaller 
structures than those o f  an inland treatment works and can usually be located below ground 
level and designed to  reduce odour problems. 

A comprehensive study o f  the e f fec t  o f  that sewage discharges to  the sea have on marine 
l i f e  was undertaken recently by the B r i t i s h  Government. on the inshore waters o f  Liverpool 
Bay i n  England i n  connection with the 5 km North Wirral long sea ou t fa l l  (HflSO, 1976). A 
marked improvement has been achieved i n  the qual i ty  o f  the inshore waters as a resul t  o f  the 
abandonment o f  the o ld  short f a l l s .  Apart from the snai l  area innediately surrounding the 
discharge point o f  the new out fa l l ,  the new sewage discharge had no measureable e f fec t  on the 
general condition o f  the off-shore waters. It was also apparent that the d i lu t ions achieved 
were considerably better than had been predicted and the presence o f  sewage from the ou t fa l l  
could not be detected by chemical o r  bacteriological indicators beyond 200 m and 400 m 
respectively from the new discharge point (HMSO, 1976). 

Certain species o f  f i s h  are attracted to  points where the sewage i s  discharged and 
there maybe some localized changes i n  f i s h  colonies. Except fo r  certain bi-valves and 
shel l f ish,  there i s  no health r i sk  i n  eating f i s h  caught i n  such waters. The operation o f  an 
inland treatment works can be affected by interrupt ion o f  power supply, shortage o f  essential 
materials l i k e  chemicals, o r  spare parts and d i f f i c u l t i e s  i n  recru i t ing sk i l led  workers fo r  
the plant. Inhib i t ion o f  the pur i f i ca t ion  and/or the sludge digestion processes by toxic or 
other unusual industr ial  wastes i n  the sewage i s  l i k e l y  t o  resul t  i n  serious problems. Any 
pumping stat ion conveying sewage to the works i s  also vulnerable to  the same problems. 

Interruption i n  the normal operation o f  an ou t fa l l  are l i k e l y  t o  be less frequent and 
the consequences w i  11 probably be mi nor because o f  the fewer processes involved, smaller 
amounts of machinery and equipment t o  operate, and reduced labour requirements. Because 
there i s  no sludge disposal problem, a long sea ou t fa l l  i s  s igni f icant ly  easier t o  operate, 



as w e l l  as being more re l iable i n  i t s  operation t o  achieve the design treatment standards. 
Disposing o f  sludge in to  the marine environment does not i n  any way create undesirable 
conditions. The sea has enormous capacity t o  absorb and t reat  very large quanti t ies of 
domestic sewage sludge (Doe, 1972). 

Water re-use 

Unintentional re-use o f  waste water has been practised since ages. Rivers have almost 
always served as public water sources and as receiving bodies fo r  waste water. Drainage has 
often percolated i n to  underground water and has been l a te r  used. The water cycle i t s e l f  i s  a 
form o f  re-use on the global scale. 

Some o f  the more important intentional uses are, industr ial ,  agr icul tura l  , recreational 
and non-potable municipal uses. Industry has d i f f e r i ng  requirements fo r  the qual i ty  o f  water 
used i n  i t s  processes. I t  i s  generally only worthwhile t o  consider treatment o f  municipal 
sewages to  an intermediate qual i ty  where reuse i s  contemplated, each industry fur ther  
improving the qual i ty  t o  i t s  own requirements. The d is t r ibu t ion  o f  t h i s  ef f luent  t o  industry 
would necessitate a network completely separate from the potable supply. I t  i s  however 
unl ikely that t ex t i l e  or food processing industries would consider the use o f  such eff luent. 
Industries requir ing large quantit ies o f  water f o r  cooling have generally been located a t  the 
coast and use sea water. The treatment o f  ef f luent  t o  a qual i ty  suitable fo r  industr ia l  
re-use could not be jus t i f ied ,  given the existence o f  an adequate source o f  fresh water and 
industries exist ing practice o f  ground water abstract ion. (Myers and A i  nger, 1980). 

The use of treated wastewaters fo r  f i l l i n g  lakes t o  be used fo r  boating, fishing, and 
sometimes swimning i s  not new. Lakes fed by treated wastewater a t  California, U.S.A. have 
been i n  existence fo r  10 years (Rerrell & aJ., 1967). A t  t h i s  location the municipal 
wastewater i s  treated by the activated-sludge process, fed i n to  a lagoon, chlorinated and 
spread onto a natural bed o f  sand and gravel, where i t  passes through several hundred feet of 
horizontal f i l t e r i ng .  The water then flows i n to  man-made lakes, which are used fo r  boating 
and fishing. The water has been found to  be bacteriological ly safe and free o f  enteric 
viruses. No deleterious effects on the health o f  the users have been detected. Similar 
lakes are being established (Dryden and Stern, 1968). 

Municipalit ies can use we1 1 treated eff luents fo r  many non-potable purposes. Examples 
are, street-f lushing and flushing o f  to i le ts ,  watering landscapes, roadside verges, pub1 i c  
parks, and the grounds o f  the treatment plant i t s e l f .  Underground in ject ion t o  repel sa l t  
water intrusion, and f i s h  farming may be advised. I n  1956-57, reclaimed water was used f o r  
public water supply i n  Chanute, Kans., U.S.A as an emergency measure f o r  a l imi ted period 
(Metzler g aJ., 1958). Despite an accumulation o f  dissolved minerals t o  objectionable 
levels due to  continuous recycling, no adverse health effects were detected. 

The re-use f o r  agriculture i s  an o ld  and cannon practice i n  many countries, especially 
i n  warm a r i d  regions. I n  India, the f i r s t  sewage farm was established i n  1985. Today, there 
are 130 farms covering 12,000 Ha, using over 500 m i l l i on  I n  Germany, the f i r s t  
sewage farm was established even ear l ie r  (1880). Today, 120 t o  300 m i l l i o n  $ o f  sewage i s  
used i n  t h i s  manner per year. I n  the U.S.A., over 1,300 industries and 950 municipal i t ies 
practice land disposal. Not only i s  the water reused, but nutr ients are e f fec t ive ly  removed 
from it. The major disadvantage i s  the seasonal nature o f  i r r i ga t i on  demand requir ing 
alternative methods o f  disposal o r  o f  holding the wastewater t i l l  such time as i t  can be used 
again f o r  i r r igat ion.  Indiscriminate use can damage so i l  conditions, pol lu te ground waters 
and a f fec t  the health o f  those who work on the farm o r  consume i t s  products. None o f  these 
problems should exist  i n  a well-designed and properly managed farm (Arceiva La, 1976). 



Water application rates depending on climate, crop and soil. Nutrient requirements of 
crops, nutrients available in wastewater and organic load on the soil should be considered. 
Pathogen transmission, toxic substances transmission in food chain, bui ld-up of salts in the 
soil and the long-term effects on soil and plants, should be alleviated. 

Generally, fodder grasses are preferred to be grown on sewage farms since they have a 
high nutrient demand, a greater tolerance to wastewater quality and a relatively longer 
growing season. Stoppage of wastewater irrigation about two weeks prior to harvesting is 
often recommended. 

Many variables affect survival rate of different organisms. Farm workers have to 
follow hygienic methods of work to avoid worm and other infections. Certain persistent 
substances contained in the irrigational waters may first accumulate in the soil and then be 
taken up by the crops, thus entering the food chain. More serious consideration is being 
given at the present time to the fate of cadmium, copper and zinc in the food chain. 
However, agronomists studying the application of Chicago sludge on land concluded that the 
land in question had the ability to accept accumulations of heavy metals for at least 100 
years without any adverse effects on crop productivity or usefulness. 

Plant uptake depends on plant species and soil chemistry. Generally, in alkaline 
soils, heavy metals are precipitated and are practically not available. Metals are absorbed 
on hydrous oxides of Fe and Mn. Organic matter in soil also tends to chelate and fix heavy 
metals. Chemical tie-up of metals is promoted in clayey soils with higher cation exchange 
capaci ty . 

The methods of application of the water is critical. Three alternatives are in use. 
These are overland flow, spray irrigation, or injection at the subsoil level. The last 
method is most favourable and has the extra advantage of economising on the water by 1 imi ting 
the evaporative losses in arid regions. The least acceptable of the methods is the use of 
spray. However, a number of investigators do not think that the method is as bad as it looks 
(Popp, 1967). Popp (1967) by testing specimens of the soil in several depths and within 
different periods of time after sprinkling found that the bacteria of the sewage water were 
distributed vertically and rather evenly in the soil up to the depth into which the water 
penetrated. Penetration of the water at the same time depends on the sprinkled amount of 
water and the field capacity of the soil; at sprinkling of 50 to 70 mill imetres, the depth of 
penetration normally does not substantially exceed 50 to 60 centimetres. The bacteria and 
worm-eggs in the sewage water do not remain on the surface like in a filter, but disappear 
during sprinkling into the soil and therefore, do not encounter personal contacts. It is 
remarkable that even on an intensively cultivated soil with a good top soil, the bacteria of 
the sewage water do not seem to penetrate into the lower depths and possibly into the subsoil 
water. In a field test where the subsoil water was close to the surface, it did not cause 
pollution of the subsoil water by bacteria. Testing the bacteria within different periods of 
time after the irrigation, and at different depths, showed that the contents of bacteria 
(E.coli declined within the first ten to twelve days by several ten orders of magnitude. Of 
a total of 920 samples from an area on which sewage water had been utilized, the presence of 
salmonella bacilli was indicated in about 5% of the samples, and were found mainly right 
after the sprinkling or within the first week after sprinkling. Obligatory pathogenic 
salmonella bacilli typhosa and enteroviruses (Polio, Coxsacke, Echo) do not seem to be 
existent in this consistency in the soil, for out of 73 samples, one case of Enterovirus was 
isolated, and that was taken imnediately after the irrigation with sewage water. Sprinkled 
sewage water in about 65-70% of all tested contained enterovirus. The conditions in the soi 1 
are quite different from that when sewage i s  drained into waters. The capacity of the soi 1 
for control of microorganisms seem to be much better from the hygienic point of view, and 
that is not only because pathogenic agents can be killed more reliably and quickly in the 



s o i l  than i n  water, but because the pathogenic agents are f ixed i n  the so i l ,  whereas i n  the 
water they are spread out and distr ibuted over wide distances (Popp, 1967). 

The behaviour o f  pathogenic microorganisms i n  the sewage sprinkled over. vegetation i s  
interesting. Pract ica l ly  a l l  hygienically important germs can only remain viable on the 
plant for a l imi ted time. I n  outdoor experiments on grass plants, within a week a f te r  the 
sprinkling, there i s  a drast ic reduction i n  the number o f  B.coli, and 14 days a f te r  the 
sprinkling, the number o f  6 -co l i  on the plant's surface was reduced by an order o f  magnitude; 
corresponding roughly t o  that on an unspri nkled plant. These are reproduceable phenomena. 
It i s  qui te obvious that pathogenic microorganisms from sewage can only remain viable f o r  a 
very 1 imi ted time on sprinkled plants growing i n  outdoor conditions. 

As fa r  as the spreading o f  eggs o f  taenia saginata through the sprinkl ing o f  
pasture-land with sewage i s  concerned, extensive inquir ies have so f a r  produced no 
indications that there has ever been a case o f  ca t t l e  being infected with tape worm (Popp, 
1967). Investigations about the spread o f  bacteria when employing various types and sizes of 
spray and working under various wind conditions have shown that ef fect ive protection of 
residential  property o r  roadways can only be guaranteed i f  as a general pr inc ip le sprinkl ing 
i s  not carried out i n  the v i c i n i t y  o f  these vulnerable loca l i t ies  when the wind i s  blowing 
towards them (Katzenelson fi aJ., 1977). I n  the v i c i n i t y  o f  these protection zones, 
moreover, only sprinklers with small nozzle openings (5-7 mn) and a small sett ing angle 
(IS0) may be used. Serious danger t o  persons who come within range o f  the sewage 
sprinkl ing or  spraying i s  small by the fact  that local residents and passers-by try to  avoid 
coming within range o f  the spray. An epidemiological inquiry revealed that i n  the vi l lages 
imnediately bordering on the area used fo r  sewage u t i l i s a t i o n  by the Wolfsburg Sewage 
Company, not a single case o f  typhoid, paratyphoid or  other salmonella infections occurred 
between the years 1950 and 1965 (Popp 1967). 
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ABSTRACT 

The suggested pract ical approach to  EIA d i f f e rs  from the conventional one i n  the fol lowing 
ways: (a) i t  recognizes and u t i l i z e s  the fact  that very few projects are unique i n  nature o r  
size. Therefore, knowledge about observed environmental effects i n  analogous cases can be used as 
a tool i n  environmental impact assessment; (b) with a monitoring ac t i v i t y  as an integrated part  o f  
EIA, errors i n  prediction can be observed and corrected, more knowledge about environmental 
consequences can be gathered on an on-going basis, and more accurate predictions can be made; and 
(c) as a consequence o f  better use o f  knowledge from analogous cases and monitoring p r o g r m s ,  
less time-consuming and cost ly col lect ion o f  si te-specif ic data w i l l  be required. As a result ,  i n  
the preparation o f  E I A  one can concentrate on effects known to  be o f  pract ical relevance and put 
less emphasis on the theoretical consequences. 

The advantages o f  th is  pract ical approach to  EIA are that i n  most cases: (a) i t  can be based 
on exist ing or  deducible information; (b) i t  should be possible t o  produce within a few months; 
(c) a f t e r  i n i t i a l  training, national c i v i l  servants, administrators or  sc ient is ts  should be able 
t o  prepare it, so that foreign consultants should no longer be needed; and (d) that cost t o  
produce an EIA should be lower. 

BACKGROUND 

Hi story o f  environmental impact assessment development 

The need f o r  environmental assessment was c lear ly  recognized a t  the Stockholm Conference on 
the Human Environment i n  1972. Thus UNEP was given that task and has been engaged i n  developing 
methodologies fo r  sound environmental management. 

The formal process that we know today as Environmental Impact Assessment, o r  EIA, resulted 
from the ra is ing o f  environmental awareness during the 1950's and 1960's; during those two decades 
i t  became increasingly evident that many industr ia l  and development projects were producing 
undersi rable environmental consequences. I n  response t o  these problems, the United States 
government decided that a mechanism was needed to  ensure that a l l  major government development 
proposals were subjected to  some sor t  of examination o f  the to ta l  environmental consequences. 
Therefore, on January 1, 1970 the United States Congress enacted the National Environmental Policy 
Act (NEPA) which was both the f i r s t  comprehensive piece o f  environmental leg is la t ion  and the f i r s t  
use of the concept o f  environmental impact assessments. Section 102 o f  NEPA set for th the 
requirements f o r  environmental impact assessments i n  the U.S. Essentially, they were t o  be 
systematic and interd isc ip l inary evaluations o f  the potential  environmental effects of a l l  major 



federal  actions. Since the enactment o f  NEPA, EIA l eg i s l a t i on  has increased worldwide and even 
cer ta in  countries lacking environmental l eg i s l a t i on  produce environmental impact assessments 
select ively.  

Worldwide, ElAs are provided f o r  t o  varying degrees i n  various in ternat ional  agreements 
(UNECE, 1984). I n  the Law o f  the Seas Convention, A r t i c l e  206 requires any s ta te  which expects an 
a c t i v i t y  t o  cause "substantial po l l u t i on  o r  s i gn i f i can t  and harmful changes t o  the marine 
environmentu t o  assess and repor t  these outcomes. S imi lar ly ,  the Convention f o r  Co-operation i n  
the Protect ion and Development o f  the Marine and Coastal Environment o f  the West and Central 
African Region requires that  when planning projects,  the concerned par t ies  should attempt, when 
possible, t o  assess the potent ia l  environmental e f fec ts  w i th in  t h e i r  t e r r i t o r i es .  

I n  the Genoa Declaration o f  September 1985, the Contracting Part ies t o  the Convention fo r  
the Protect ion o f  the Mediterranean Sea against Po l lu t ion  adopted a decision t o  "apply 
Environmental Impact assessment as an important too l  t o  ensure proper development a c t i  v i  t iesn. 
(UNEP, 1985). 

An ambitious attempt t o  develop EIA fu r ther  and t o  def ine environmental capacity on 
s c i e n t i f i c  grounds was made by GESAMP. (GESAMP, 1986). Unfortunately the attempt f e l l  short  both 
on s c i e n t i f i c  grounds, because the a b i l i t y  t o  theore t i ca l l y  forecast ecological e f fec ts  i s  not 
avai lable, and on p rac t i ca l  grounds, because the exercise became too theoret ica l  f o r  management 
purposes. However, the repor t  contains many thought provoking concepts and ideas and provides 
in te res t ing  reading on the subject. 

Basic concepts and appl icat ions 

The first step i n  understanding EIAs i s  t o  def ine what the process ac tua l l y  enta i ls .  While 
many de f i n i t i ons  are given i n  the l i t e r a t u r e  (Ahmad and Sammy, 1985; Munn, 1975; Canter, 1979; 
Jain e t  dl., 1977), the actual working d e f i n i t i o n  varies betieen countries. I n  general, an EIA i s  
the process o f  i den t i f y ing ,  predict ing, i n te rp re t ing  , and conmunicating the po ten t ia l  impacts 
tha t  a proposed major p ro jec t  o r  plan w i l l  have on the environment. However, i n  the United 
States, an EIA i s  used t o  determine i f  a pro ject  w i l l  have s i gn i f i can t  o r  controversial  
environmental impacts and only i f  the conclusion i s  pos i t i ve  w i l l  a more deta i led Environmental 
Impact Statement (EIS) be required. 

An EIA process i s  o f ten  described as an assessment o f  how - negatively o r  pos i t i ve l y  -- a 
p ro jec t  a f fec ts  various impact indicators.  An impact ind icator  i s  an element o r  parameter that  
provides some sor t  o f  measure o f  the magnitude o f  an environmental impact. (Hunn, 1975). Examples 
o f  d i f f e ren t  ind icators  are: leve l  o f  employment, loss o f  forest  and vegetation, o r  changes i n  
water qua l i t y  parameters such as pH and tu rb id i t y .  The measurement may be e i t he r  qua l i t a t i ve  o r  
quant i ta t ive,  depending on the parameter and the means o f  evaluating fu ture change. For instance, 
some ind icators  may be evaluated according t o  preex is t ing standards o r  laws, f o r  example, a i r  and 
water qua l i t y ,  and noise. Other indicators,  such as morbidi ty and mor ta l i t y ,  may have numerical 
scales f o r  judging the fu ture impact. I n  some cases, i t  may be necessary t o  use a more 
qua l i t a t i ve  and possibly a more value-based scale o f  change, such as acceptable and unacceptable. 
However, even when using such a scale, the basis f o r  evaluation may be somewhat quant i tat ive, such 
as the number o f  trees t o  be harvested o r  the number o f  residents t o  be dislocated. The 
assessment o f  the potent ia l  e f fec ts  on a cross-section o f  these impact ind icators  i s  the backbone 
o f  EIA. 

The responsi b i  1 i t y  o f  carrying out ElAs depends on the l eg i s l a t i ve  requirements o f  each 
country. Each country has established d i f f e ren t  requirements f o r  the preparation and review o f  
ElAs as best f i t s  i t s  governmental system. Essent ial ly,  three basic options e x i s t  f o r  assigning 



responsib i l i ty  f o r  such projects. (OECO, 1979). I n  the f i r s t  option, the agency o r  group 
proposing the project i s  responsible f o r  preparation o f  the E I A .  Alternatively, the government 
agency contro l l ing or authorizing the project may be responsible. Thirdly, an independent party 
could be established fo r  preparation o f  EIAs. To eliminate possible bias whi.ch could ar ise when a 
project proponent prepares the EIA,  guidelines fo r  form and content can be prepared by a 
responsible government agency, supervision can be provided by a reviewing o r  control 1 ing body with 
no interest  i n  the project, and/or publication and public review o f  the f i na l  E I A  can be required 
(OECD. 1979). 

Past experience o f  E I A  and j us t i f i ca t i on  fo r  a pract ical approach 

EIAs have been extensively produced and used over the l as t  15 years. Their wide application 
c lear ly  indicates a need to  ensure that environmental considerations are included i n  the decision 
making process. However, par t icu lar ly  i n  developing countries, the established procedure f o r  E I A  
has met such cr i t ic ism. Specifically, the following shortcomings have been highlighted: 

- Collection o f  data fo r  EIAs has taken considerable time, often delaying urgently needed 
projects; 

- The infrastructure i n  developing countries with regard to available information, 
ins t i tu t ions  and personnel has made i t  impossible to prepare EIAs w i  thout assistance 
from foreign experts. Hence, the knowledge and experience o f  the procedure has remained 
with foreign consultant firms; 

- Frequently, a large proportion o f  the background material included i n  the EIAs has been 
excerpted from the foreign consultant's word processor memory, and ends up being 
identical,  whether the project i s  proposed fo r  the wetlands o f  Bangladesh or  the a r i d  
area o f  Chile; 

- Past EIAs have been too voluminous (frequently more than 1,000 pages), and have often 
attempted to  cover every theoretical poss ib i l i t y ,  with the resul t  that they have been of 
l i t t l e  value as management tools; 

- The cost o f  preparing EIAs i s  frequently high. 

The pract ical approach t o  E I A  suggested herein d i f f e rs  from the conventional one i n  the 
following ways: 

- I t  recognizes and u t i l i z e s  the fact that very few projects are unique i n  nature or 
size. Therefore, knowledge about observed environmental effects i n  analogous cases can 
be used as a tool i n  environmental impact assessment; 

- With a monitoring ac t i v i t y  as an integrated part of EIA ,  errors i n  predict ion can be 
observed and corrected, more knowledge about environmental consequences can be gathered 
on an on-going basis, and more accurate predictions can be made; 

- As a consequence of better use o f  knowledge from analogous cases and monitoring 
programmes, less time-consuming and costly col lect ion of si te-specif ic data w i l l  be 
required. As a result ,  i n  the preparation of E I A  one can concentrate on effects known to  
be of pract ical relevance and put less emphasis on the theoretical consequences. 



The advantages o f  t h i s  p rac t i ca l  approach t o  EIA are tha t  i n  most cases: 

- I t  can be based on ex i s t i ng  o r  deducible information; 

- I t  should be possible t o  produce w i t h i n  a few months; 

- After i n i t i a l  t ra in ing,  nat ional c i v i l  servants, administrators o r  sc ien t i s ts  should be 
able t o  prepare it, so tha t  fore ign consultants should no longer be needed; 

- The cost t o  produce an EIA should be lower. 

Contents o f  EIAs 

The EIA usual ly includes the following: 

- Desc r i p t i ono f  theproposal a n d a c t i v i t i e s  i t  i s l i k e l y t o g e n e r a t e ;  

- Descr ipt ion and evaluat ion o f  the s i t e  and i t s  surrounding elements without the 
proposed project;  

- Reasons f o r  se lect ing the proposed s i t e  and the proposed technology; 

- Iden t i f i ca t ionandassessmento f  a n t i c i p a t e d o r f o r e c a s t e d n e g a t i v e a s w e l l a s p o s i t i v e  
impacts on environmental qua l i t y  and environmental health as a consequence o f  
implementing the project;  and 

- Descr ipt ion o f  measures proposed f o r  el iminat ing, minimizing o r  mi t i ga t i ng  the adverse 
impacts. 

Role i n  the dec i s ion-maki ng process 

A sat is factory  decision can no longer be made on any p ro jec t  without consideration o f  the 
envi ronmental consequences. Obvious 1 y , i n  many cases socio-econani c and/or po l  i t i c a l  
considerations are o f  decisive importance. However, the r o l e  and funct ion o f  EIA i s  t o  focus on 
the environmental issues t o  ensure that the po ten t ia l  impacts are considered i n  a thorough and 
systematic manner; when such impacts cannot be avoided, they may a t  least,  w i th  foresight,  be 
minimized o r  mitigated. 

E I A  as a continuous process 

Any assessment o f  environmental consequences involves uncertaint ies. I t  may be argued that  
the p rac t i ca l  approach suggested here, w i th  an EIA prepared la rge ly  based on ex i s t i ng  knowledge 
and analogies from previous experience o f  s im i la r  projects,  i s  even more uncertain than the more 
elaborate, time consuming and cos t l y  approaches usual ly  used. 

I n  order t o  make sure that  unexpected adverse e f fec ts  do not occur, a monitoring p r o g r a m  
i s  advocated. The monitoring programmes would gradual ly add t o  the knowledge about environmental 
consequences and thus improve the qua l i t y  o f  fu tu re  analogous assessments. I n  a spec i f i c  s i t e  the 
monitoring p r o g r a m  may lead t o  resu l t s  that  necessitate reassessment o f  the p ro jec t  o r  o f  the 
m i t iga t ing  measures. Thus EIA i s  a continuous process. Prograiimes would gradually add t o  the 
knowledge about environmental consequences and thus improve the qua l i t y  o f  fu tu re  analogous 
assessments. 



GENERAL PRINCIPLES OF ENVIRONMENTAL IMPACT ASSESSMENT 

Based on proposals made by the Working Group o f  Experts on Environmental Law during i t s  
session on environmental impact assessment held i n  Geneva 12-16 January 1987 (UNEP/WG. 152/2), the 
following principles were approved by the Governing Council of UNEP a t  i t s  Fourteenth Session 
(UNEP.GC/14.17). 

Principle 1 

States (including the i r  competent authori t ies) should not undertake or  authorize ac t i v i t i es  
without p r i o r  consideration, a t  an early stage, o f  the i r  environmental effects. Where the extent, 
nature or  location o f  a proposed ac t i v i t y  i s  such that i t  i s  l i k e l y  to s igni f icant ly  affect the 
environment, a comprehensive environmental impact assessment ( E I A )  should be undertaken i n  
accordance with the following principles. 

Principle 2 

The c r i t e r i a  and procedures fo r  determining whether an ac t i v i t y  i s  1 ike ly  t o  s ign i f i cant ly  
af fect  the environment and i s  therefore subject to an E I A ,  should be defined c lear ly  by 
legislat ion, regulation, o r  other means, so that subject ac t i v i t i es  can be quickly and surely 
identi f ied, and E I A  can be applied as the ac t i v i t y  i s  being planned. 

For instance, t h i s  pr inc ip le may be implemented through a variety of mechanisms, including: 

L i s t  o f  categories o f  ac t i v i t i es  that by the i r  nature are, or are not l i k e l y  t o  have 
s igni f icant  effects; 

L is ts  o f  areas that are o f  special importance or  sens i t i v i ty  (such as national parks or 
wetland areas), so that any ac t i v i t y  af fect ing such areas i s  l i k e l y  t o  have s igni f icant  
effects; 

L is ts  o f  categories o f  resources (such as water, tropical ra in  forests, etc.), o r  
environmental problems (such as increased soi 1 erosion, desert i f  ication, deforestation) 
which are o f  special concern, so that any diminution o f  such resources or  exacerbation o f  
such problems i s  l i k e l y  t o  be "significant"; 

An " i n i t i a l  environmental evaluation", a quick and informal assessment o f  the proposed 
a c t i v i t y  t o  determine whether i t s  effects are l i k e l y  t o  be signif icant; 

Cr i te r ia  t o  guide determinations as to  whether i t s  effects are l i k e l y  t o  be signif icant. I f  
a l i s t i n g  system i s  used, i t  i s  reconinended that states reserve the discret ion t o  require 
the preparation o f  an E I A  on an ad hoc basis, t o  ensure that they have the f l e x i b i l i t y  
needed to  respond to unanticipated cases. 

An ident i f i ca t ion  and description o f  measures available to  mi t igate adverse environmental 
impacts o f  the proposed ac t i v i t y  and alternatives, and an assessment o f  those measures; 

An indicat ion o f  gaps i n  knowledge and uncertainties which may be encountered i n  compiling 
the required information; 

An indicat ion o f  whether the environment o f  any other state or  areas beyond national 
ju r isd ic t ion  i s  l i k e l y  t o  be affected by the proposed ac t i v i t y  o r  alternatives; 

A b r ie f ,  non-technical sumnary o f  the information provided under the above headings. 



Principle 3 

I n  the EIA process the relevant s igni f icant  environmental issues should be ident i f ied and 
studied. Where appropriate, a l l  e f fo r ts  should be made to  ident i fy  these issues a t  an early stage 
i n  the process. 

Principle 4 

An E I A  should include, a t  a minimum: 

(a) a descr ipt ionof  the proposed ac t iv i ty ;  

(b) a description o f  the potent ia l ly  affected environment, including specif ic information 
necessary fo r  ident i fy ing and assessing the environmental effects o f  the proposed act iv i ty .  

(c) A description o f  pract ical alternatives, as appropriate; 

(d l  an assessment o f  the l i k e l y  o r  potential  environmental impacts o f  the proposed ac t i v i t y  and 
alternatives, including the direct,  indirect,  cumulative, short-term and long-term effects; 

(e l  An ident i f icat ion and description o f  measures available to  mi t igate adverse environmental 
impacts o f  the proposed ac t i v i t y  and a1 ternatives, and an assessment o f  those measures; 

( f )  An indicat ion o f  gaps i n  knowledge and uncertainties which may be encountered i n  compiling 
the required information; 

(9) An indicat ion o f  whether the environment o f  any other State or  areas beyond national 
ju r isd ic t ion  i s  l i k e l y  t o  be affected by the proposed a c t i v i t y  o r  alternatives; 

(h) A b r ie f ,  non-technical, sumnary o f  the information provided under the above headings. 

Principle 5 

The environmental effects i n  an E I A  should be assessed with a degree o f  deta i l  commensurate 
with the i r  l i k e l y  environmental significance. 

Principle 6 

The information provided as part o f  E I A  should be examined impart ial ly p r i o r  t o  the decision. 

Principle 7 

Before a decision i s  made on an ac t iv i ty ,  government agencies, members o f  the public, 
experts i n  relevant discipl ines and interested groups should be allowed appropriate opportunity to 
cannent on the EIA. 

Principle 8 

A decision as t o  whether a proposed a c t i v i t y  should be authorized or  undertaken should not 
be taken u n t i l  an appropriate period has elapsed to  consider comments pursuant t o  principles 7 and 
12. 



Principle 9 

The decision on any proposed ac t i v i t y  subject t o  an E I A  should be i n  writing, state the 
reasons therefore, and include the provisions, i f  any, t o  prevent, reduce o r  mi t igate damage t o  
the environment. This decision should be made available t o  interested persons o r  groups. 

Principle 10 

Where i t  i s  just i f ied,  following a decision on an ac t i v i t y  which has been subject t o  an EIA, 
the a c t i v i t y  and i t s  effects on the environment or  the provision (pursuant to  pr inc ip le 9) o f  the 
decision on th is  ac t i v i t y  should be subject to  appropriate supervision. 

Principle 11 

States should endeavour t o  conclude bi lateral ,  regional or  mu1 t i  la tera l  arrangements, as 
appropriate, so as t o  provide, on the basis o f  reciprocity, noti f icat ion, exchange o f  information, 
and agreed-upon consultation on the potential  environmental effects o f  ac t i v i t i es  under the i r  
control o r  jur isdict ion which are l i k e l y  t o  s igni f icant ly  af fect  other States o r  areas beyond 
national jur isdict ion. 

Principle 12 

When information provided as part o f  an EIA indicates that the environment wi th in another 
State i s  l i k e l y  t o  be s igni f icant ly  affected by a proposed act iv i ty ,  the State i n  which the 
ac t i v i t y  i s  being planned should, t o  the extent possible: 

(a) Not i fy  the potential ly affected State o f  the proposed act iv i ty ;  

(b) Transmit to  the potent ia l ly  affected State any relevant information from the EIA, the 
transmission o f  which i s  not prohibited by national laws or  regulations; and 

(c) When i t  i s  agreed between the States concerned, enter i n to  timely consultations. 

Principle 13 

Appropriate measures should be establ ished to  ensure implementation o f  E I A  procedures. 

Evaluation o f  Principles 

These principles are general i n  nature and can be applied anywhere i n  the world. However, 
i t  i s  f e l t  that they are not o f  imnediate value t o  countries unless they are supplemented by more 
specific procedure and guidelines. I t  was therefore decided t o  suggest a model procedure that 
would be adopted and implemented by countries when they s tar t  to  apply an E I A  i n  the i r  decision 
making process. 

SUGGESTED PROCEDURE 

INTRODUCTION 

An EIA consists not only o f  the wr i t ing o f  a report through which information i s  provided t o  
the decision maker, but also o f  procedural provisions t o  make sure that the decision maker takes 
the information adequately and f u l l y  i n to  consideration. Broadly speaking, th is  means that an EIA 



procedure should contain at  least those process elements that guarantee that the decision maker i s  
provided with the proper information, and that this information i s  taken adequately and f u l l y  in to  
account i n  the decision making. A successful E I A  i s  therefore one which "ensures that a l l  
relevant impacts associated with proposed projects are adequately and f u l l y  taken' into account i n  
the decision making process." (EW.GE/l/R.35). 

An EIA should be viewed as an integral part of  the project planning process, beginning as 
early as possible with identifying the potentially significant environmental impacts, continuing 
throughout the planning cycle, and including as far  as possible, public participation. 

Definition of  terms 

Applicant: A person, company or organization applying for  permission to  carry out a project 
which may have an environmental impact. 

Authorization: Permission to  carry out a project which may have an environmental impact. 

Authorizing Authority (A.A. 1: The national authority legally authorized for  issuing 
authorization. 

Environmental Authority (E.A.): The national authority i n  charge of  environmental management 
and protection. Could also be a branch of  the Authorizing Authority. 

Environmental Impact: Effects on the environment caused by man. 

Environmental Impact Assessment (EM):  The assessment of  the character and strength o f  the 
effects on the environment caused by a proposed action. I n  principle an EIA should also compare 
various alternatives by which a desired objective may be realized, and seek to  identify the one 
which represents the best combination o f  economic and environmental costs and benefits. 

Environmental Protection Measures: Any action taken i n  order to  mitigate or eliminate the 
damage or r isk o f  damage. 

Guidelines: Set of  subjects to  be dealt with by the applicant i n  the preparation of  the EIA; 
they are prescribed by the E.A. 

Specific Guidelines: Questions that the applicant should deal with i n  the preparation o f  the 
E I A  based on the Guidelines, and prepared specifically for  a certain project. 

Contamination: Introduction by man into the environment of elements or energy that w i l l  
1 ead to changes i n  ambient 1 eve1 s or concentrations. 

Pollution: Adverse environmental effects resulting from the introduction by man in to  the 
environment of  elements or energy. 
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Envi ronmental impact assessment procedure 

(See Flow Chart, previous page) 

Preparation of a project by applicant and submission to L A .  

I n  applying fo r  an authorization o f  a project proposal, the applicant should provide the 
Authorizing Authority (A.A.) with a detailed description o f  the planned project including a l l  
relevant information such as maps and drawings. 

Af ter  consultation wi th LA., decision on need f o r  an EIA by A.A. 

The A.A. then consults with the E.A. as to  whether o r  not an EIA i s  needed f o r  the decision 
making process. The E.A. should determine whether an ac t i v i t y  i s  l i k e l y  t o  s igni f icant ly  affect 
the environment and i s  therefore subject t o  an E I A  (see pr inc ip le 2, above). I f  there i s  no need 
f o r  an EIA, the A.A. w i l l  proceed i n  the decision making process and w i l l  determine whether o r  not 
to  approve the project. 

E.A. prepares guideline and submits i t  to the applicant 

I f  the A.A. decides that an E I A  i s  needed, the E.A. w i l l  prepare guidelines fo r  the 
preparation o f  the EIA. This i s  done i n  order t.o ensure that the EIA w i l l  include a l l  the 
necessary information, but w i l l  not be too long o r  contain irrelevant data. 

Applicant prepares EIA and submits to â‚¬. 

I t  i s  suggested that i n  order t o  insure that the environmental implications are f u l l y  taken 
i n to  account i n  the project 's planning preparation, and as early as possible i n  the decision 
making process, the applicant o f  the project should be responsible f o r  the preparation o f  the 
EIA. I t  should be kept i n  mind that the applicant i s  also responsible f o r  the preparation of a l l  
other documents submitted t o  the A.A. and therefore should be prepared t o  submit the E I A  and cover 
a1 1 the expenses involved. 

Evaluation of EIA by E.A. and recornendation to A.A. 

After the EIA i s  prepared i t  should be submitted to  the E.A. f o r  evaluation. The E.A. and 
the applicant should be i n  close contact during the process, t o  assist the applicant and to ensure 
that the EIA w i l l  meet with the approval o f  the E.A. After evaluating the EIA, the E.A. should 
make i t s  recomnendations to  the A.A. These recomnendations could be: 

(a) To approve the E I A  and the project as i t  was submitted; 

(b) To re ject  the project on the basis o f  the information contained i n  the EIA; 

(c) To ask fo r  modifications o f  ei ther the EIA or  the proposed project; 

The evaluation may involve input from the general public. 

Decision by A.A. t o  approve the project and the EIA as par t  o f  i t  

The A.A. w i l l  then make the decision whether to accept the recomnendation o f  the E.A. The 
A.A. can ask fo r  changes i n  the or ig inal  plans i n  order t o  minimize the environmental impact o r  t o  
reduce i t  to an acceptable level. I t  should be emphasized that the EIA should be considered as 
par t  o f  the proposed project and not as a separate enti ty. Once the E I A  has been approved, i t  
should be binding i n  the same way as a l l  the other project documents. 



Monitoring of impact o f  the project by E.A. 

I n  many cases an EIA w i l l  be based on predictions, and the va l i d i t y  o f  these predictions 
needs t o  be ver i f ied  during the operation o f  the project. Therefore, a follow-up monitoring 
programme and reevaluation of the assessment i s  frequently necessary. The components o f  such a 
monitoring programme w i l l  be specified by the E.A. The programme may involve l i s t s  of parameters 
which should be checked a t  specified intervals and a t  specified locations. The data from such 
programme should be submitted and evaluated by the E.A. and the A.A. The monitoring could be 
required from the applicant as a condition o f  the issued authorization. 

Reevaluation of the assessment by E.A. and A.A. 

The A.A. may want t o  specify a time frame fo r  the reevaluation o f  the authorization based on 
data from the follow-up monitoring program.  This reevaluation should be done i n  consultation 
with the E.A., should be documented very carefu l ly  and used both by the E.A. and the A.A. i n  
future decision regarding s imi lar  projects. 

General comnents 

Early planning i s  the key to  development without the occurrence o f  unacceptable changes i n  
the natural environment. If environmental concerns are considered concurrently with i n i t i a l  
technical and economical planning o f  a major project, and precautions are applied from the outset 
o f  the planning process and through the phases o f  development, i t  may very we11 be possible t o  
simultaneously develop a project and a t  the same time protect the natural resources o f  an area. 
An EIA w i l l  help the decision maker with h is  task by providing, a t  an early stage o f  the decision 
process, a statement where the consequences to  the environment o f  a proposed programme o f  act ion 
are identi f ied, described and evaluated. Furthermore, the E I A  w i l l  support e f fo r ts  aimed a t  
preventing or  reducing environmental damage i n  the short and long term. Thus EIAs provide 
insight i n t o  the nature o f  the options and trade-offs open t o  the decision maker. A t  the very 
least, EIAs are useful reminders o f  the environmental consequences o f  taking various actions; a t  
best, EIAs provide quanti tat ive estimates o f  the magnitudes o f  these consequences and o f  the costs 
o f  subsequent remedial actions. 

An EIA should be carried out by an organization specializing i n  that type o f  work. I n  cases 
where the data available fo r  the preparation o f  an EIA i s  lacking, i t  i s  even more important that 
the organization which prepares the EIA should be a competent one. I t  i s  better t o  prepare an EIA 
based on pa r t i a l  o r  incomplete information than not t o  prepare one a t  a l l .  The organization which 
prepares the EIA should use, as much as possible, exist ing information or  analogous information 
from s imi lar  cases. One should always remember that an E I A  i s  only one method o f  tool among many 
to  be used i n  the decision making process, and should not be used exclusively. 

I f  the planned project i s  extensive, and part icu lar ly  i f  i t  involves considerable r i s k  t o  
the environment, i t  i s  usually necessary to  carry out some type o f  f i e l d  study i n  order t o  assess 
the background situation. This may also be needed i f  the local environment, f o r  some reason, i s  
par t icu lar ly  vulnerable or sensitive. Such a f i e l d  study may have to  be rather extensive. 
However, i n  most cases a synoptic analysis, based on exist ing information supported with a l imi ted 
amount o f  new data, w i l l  usually be suff ic ient.  Data generated with the EIA are compiled and 
compared with s imi lar  cases. 

An EIA should assess possible impacts (type and degree), and the use o f  technical solutions, 
such as production technology, ant i-pol lut ion measures etc. Based on th i s  assessment, the 
proposed act ion may have t o  be revised and changed to  an a1 ternative which w i  11 cause less impact 
on the environment. 



- 154 - 

GUIDELINES FOR EIA FOR SELECTED DEVELOPMENT PROJECTS 

Introduction 

An environmental Impact Assessment (EM) i s  a process that defines and specifies possible 
posit ive and negative effects o f  development projects on the environment. With the help o f  EIA, 
we should get a better understanding o f  the consequences o f  a development project. 

The specif ic purpose o f  an EIA i s  t o  allow decision makers to  introduce environmental 
aspects i n to  the decision making process leading to  a better understanding o f  the possible impact 
o f  the proposed project on the environment. 

To help the proponent o r  applicant i n  the preparation o f  the EIA, and t o  reduce the volume 
o f  information t o  the basic minimum required, i t  i s  proposed that "Specific Guidelines" be 
prescribed by the E.A. fo r  the applicant f o r  each specific project. To help the E.A. i n  preparing 
those specif ic guidelines, th is  paper includes guidelines fo r  f i ve  development projects that 
could be used by the E.A. 

1. GUIDELINES FOR THE PREPARATION OF AN ENVIRONMENTAL IMPACT ANALYSIS OF A MARINA 

A. Description o f  the proposed project 

The proposed plan o f  the marina should be described including the following: 

- General description o f  the ent i re  project including location and structure o f  main and 
lee breakwaters, depth o f  water a t  the entrance t o  the marina, the number and type o f  
boats fo r  which the marina i s  planned, water and power supply, roads, dry docks, boat 
maintenance and repair f ac i l i t i es ,  slipways, housing units, hotel acconnodation, 
restaurants, comnercial areas, parking, etc. ; 

- Access fo r  vehicles, boats and parking; 

- Breakwaters, je t t ies,  bridges, causeways, reclaimed land, and dredged channels; 

- Sources o f  construction material f o r  breakwaters; 

- A l l  areas to be reclaimed. Source o f  reclamation material; 

- Drainage and sewage systems, so l id  waste disposal system and fuel supply t o  boats; 

- Expected quantity o f  sanitary waste and the means for  i t s  disposal both on land and on 
sea; 

- Description o f  the proposed stages o f  construction with timetable: 

- Description o f  the expected normal operation o f  the marina such as i t s  maintenance and 
aeration of the water; 

- Description o f  b u i l t  structures i n  re lat ion t o  natural landscape. 



- Expected movement o f  population during construction and operating periods. 

0. Description o f  the Env i romnt  

A description o f  the e n v i r o m n t  o f  the s i t e  without the proposed marina i n  the form o f  maps 
and cross sections should include the following: 

a. F%ysical s i *  characterist ic 

- An onshore topographic andoffshore bathymetricmapof t h e s i t e a n d  i t s  surroundingsat 
a scale o f  1:5000* covering a t  least 2 kiluneters i n  each d i rect ion along the coast o f  
the proposed s i te,  and t o  an offshore water depth twice the depth o f  the proposed 
project; 

- I n  the case o f  a c l i f f  shore* deta i ls  o f  the base, face and head o f  the c l i f f  and a t  
least 50 meters inland from the c l i f f  head; 

- Details o f  any exist ing or  proposed offshore structures wi th in 5 kilometers o f  the 
proposed project; 

- Cross sections every 250 meters along the shore, showing offshore water depth and 
topography; 

- Physiographic features such as c l i f f s ,  terraces, beach rock, sand dunes* and a 
description o f  the i r  level o f  s t a b i l i t y  and erosion. 

b. Hydrographic and hydralogic in fomat ion 

- Thet ida l  condit ionsandtheprobabil i tyofextremecondit ions; 

- The wave climate and currents a t  the proposed s i t e *  including the probabi l i ty  o f  
extreme conditions; 

- Hydrologic conditions o f  natural or a r t i f i c i a l  water channels and out lets t o  the sea; 

- Dissolved oxygen and nutr ients concentration, microbial pol lut ion. 

c. Sedimntological information 

- Longshore sand mvemnt a t  the area proposed fo r  development; 

- Present on and onshore sand accumulation and sand loss, seasonal and over a period o f  
time; 

*The scale o f  the maps given here i s  an indication, and i s  not mandatory. 
Standard maps uhich are available i n  each country could be used. 



- Detailed i n f o m t i o n  on the s t a b i l i t y  and erosion o f  coastal c l i f f s  wi th in 2 kilometers 
o f  the proposed s i te,  based on aer ia l  photographs over a period o f  time, and analyzed 
by cross section every 250 meters along the c l i f f  shore. 

d. Biological conditions 

- Ident i f icat iononmpsofonshoreandoffshorehabitats;  

- Ident i f icat ion o f  species which could be used as indicators o f  the condition o f  the 
ecosys tm; 

- Location o f  main ctnponents o f  the habitats, e.9. areas fo r  feeding, refuge and 
reproduction, and areas iqmr tant  f o r  migrating species; 

- Protected or  rare species; 

- Fishing areas and species inportant t o  cannercia1 fishing. 

e. Present land uses on s i t e  and i n  surroundings 

- Locat ionands izeof  nearbysett lemnts; 

- Location and description o f  cul tu ra l  properties; 

- Roads and patterns o f  vehicular access; 

- Existenceof aquaculture: f i s h o r s h e l l  f ishfarms,  fisheries; 

- Existence o f  beaches used by swimners i n  the inmediate surroundings; and 

f. Esthetic values 

C. Ident i f icat ion o f  possible imacts  

An assessment o f  anticipated o r  forecasted impacts, using accepted standards wherever 
possible, should be given, including the f o l l w i n g :  

- Topographic and bathymetric changes, and the occurrence o f  the changes during and a f te r  
construction u n t i l  stable conditions are resuned; 

- Sand mvements and where increased sand a c c w l a t i o n  and coastal erosion i s  l i k e l y  t o  
occur; 

- Neasures proposed t o  reduce sand depletion and coastal erosion with assessment o f  the i r  
impacts on the surrounding env i romnt ;  

- Oceanographic changes l i k e l y  t o  occur over a period o f  sane 10 years, including the 
location and r i sk  o f  nave re f lec t ion  on adjacent shores and the concentration o f  wave 
energy and currents nhich could endanger swimning or disturb fisheries; 

- Risk o f  sea pol lut ion by uncontrolled sewage, pol luted surface runoff, o i l  and 
gasoline, paints and anti- foul ing materials result ing i n  change o f  dissolved oxygen and 
nutr ients concentration andlor microbial pol lu t ion due t o  pol lut ion and/or change i n  
c i rculat ion patterns; 



- Impacts on f lo ra  and fauna i n  the area l i k e l y  t o b e a f f e c t e d  by theproposedproject,  
the r i sk  o f  loss o f  a habitat, changes l i k e l y  t o  occur i n  ex ist ing habitats and the 
possible creation o f  a neu habitat, and the impact o f  barr iers t o  movement on migrating 
species; 

- Impacts on nearby present o r  proposed land uses; 

- Visual impacts o f  construction on landscape; 

,' 
- Impacts on f i sh  and seafood production and safety; and 

- Impacts on the qual i ty  o f  bathing water and on the cleanliness o f  beach sand, i f  any. 

D- Proposed measures to  prevent, reduce o r  mit igate the negative effects o f  the proposed marina. 

This section should describe a l l  measures uhether technical, legal, social, econunic o r  
other t o  prevent, reduce or  mi t igate the negative effects o f  the proposed marina. I n  addition, i t  
should describe measures to  be used t o  m n i t o r  the effects on a long term basis, including the 
col lect ion o f  data, the analysis o f  data, and the enforcement procedures which are available t o  
enswe implementation o f  the measures. 

2. GUIDELINES FOR THE PREPARATION OF AN ENVIROMENTAL INPACT ANALYSIS 
FOR A TOURIST ACCOMHOMTION CmPLEX 

A. Description o f  the proposed project 

The proposed complex should be described, accanpanied by plans on a scale of 1:25W, 
including the follouing: 

- Typesof o v e r n i g h t a c c ~ a t i o n ,  numberof beds, hotels, campsites, etc.; 

- E n t e r t a i m n t  faci 1 i t i e s ,  e.g theatres, cinemas, nightclubs, discotheques, restaurants, 
bars ; 

- Intensive recreation ac t iv i t ies ;  e-g water sports, swimning p l s ,  beaches, sports 
f ac i l i t i es ;  

- Extensive recreation ac t iv i t ies ,  e.9 areas fo r  ualking/hiking, golf ,  mountain c l  intiing; 

- Associated development, e.g camercial (shops), tour is t  agencies, cafes, restaurants; 

*The scale o f  the maps given here i s  an indication, and i s  not mandatory. 
Standard maps which are available i n  each country could be used. 



- Circulat ion patterns and f a c i l i t i e s  f o r  vehicles* pedestrians* heavy t r a f f i c  and l i g h t  
t r a f f i c  (e.g cycles)* including parking areas (nmber o f  vehicles); 

- Infrastructurep including f a c i l i t i e s  f o r  seuage and so l id  waste disposalv water and 
e lec t r i c i  t y  suppl ies; 

- Changes t o  surface topography, including locations and levels o f  cutt ings* terraces* 
f i l l s  and e&ankrm?nts; 

- Location, height and volume o f  buildings, and types o f  bui lding materials; 

- Location and height o f  other b u i l t  structuress e-g retaining walls, lookout towersv 
sport fac i  1 i t ies *  marine structures; 

- Location and surface o f  areas t o  be covered by asphal t o r  other a r t i f i c i a l  surfaces; 

- Sources o f  construction materials; 

- Areas t o  be protected i n  the i r  natural state - types o f  landscape and methods o f  
protection; 

- Areas t o b e  landscaped f o r  recreational ac t iv i t ies ;  

- Areas t o  be landscaped a f te r  bui lding construction; 

- Stagesof construct ionof b u i l d i ~ f a c i l i t i e s a n d i n f r a s t r u c t u m ;  

- Expected mvement o f  population during construction and operating periods; 

- Additional bodiesof  freshwater t o r e ~ u l t f r m t h e p m j e c t ~  i f  any. 

B. Description o f  the e n v i r o m n t  

A description o f  the e n v i r o m n t  o f  the s i t e  without the proposed project should include the 
following: 

a. Physical s i te  characteristics 

- Si te location on ordinance survey (or equivalent) map a t  a scale o f  1:lO~OOO~ including 
access roads* settlements* topography (contour) wi th in 5 km radius; 

- Slope and re la t ive  r e l i e f  o f  s i t e  and i t s  surroundings, viewpoints and sightlines; 

- Physiographic features o f  the s i t e  and i t s  surroundings, e.g c l i f f s *  dunes* water 
bodies * shore types, caves * waterfal l  s * springs; 

- Gemrphological processes i n  area, e.g c l i f f  erosion* beach recession* lands1 ides; 

- Seismic processes i n  area, e.g earthquake r i sk .  

b. Vegekation and habitats 

- Vegetation and so i l  types, including height and density o f  vegetation cover; 



Location and type of areas and sites of attractive landscape; 

Location and type of areas and sites of sensitive and natural scientific importance; 

Location of rare species, flora and fauna; and 

Rarine habitats* fishing grounds, aquaculture sites. 

Climatological and netsomlogical conditions 

Time and length of visitors' season for different types of activities; 

Sources and impacts of air pollution which could affect the site's potential. 

Hydrological and ocemographic conditions 

Location and type of surface uater bodies on site and in surroundings and their 
potential for attracting visitor activity; 

Surface and subsurface water sources sensitive to pollution and present levels of water 
qual i ty; 

Dissolved oxygen and nutrients concentration, microbial quality of coastal water and 
beaches; and 

Suitability of sea conditions for recreation activities, including swiming and water 
sports. 

Present land uses on site and in surroundings 

Location and size of nearby settlements; 

Roads and patterns of vehicular access; 

Present tourist and recreation land uses; 

Present protected areas* e.g nature reserves; 

Land in agricultural production; and 

Quarries, industries, powr stations and engineering structures. 

Present emuimmental quality of site and surmndings 

Air quality; 

Water qual i ty; and 

Moise levels. 

Present inf rastructum 

Uater and electricity supply; 

Sewage and solid waste disposal. 



h. Present health conditions 

- Endemic diseases, i f  any, and zoonosis; 

- Ava i lab i l i t y  o f  medical care services; and 

- Presence o f  insect vectors o f  diseases. 

C. Ident i f icat ion o f  possible impacts 

An assessment o f  anticipated or  forecasted impacts, using accepted standards whenever 
possible, should be given, including the following: 

- Loss o f  natural features, habitats and species by construction and building; 

- Intrusion i n to  sensitive visual landscape; 

- Visitoraccess tosensi t ivehabi tats;  

- Landscape impacts o f  quarrying, cut t ing and embarkments; 

- Creation o f  new habitats; 

- Risks o f  erosion, e.g c l i f f s ,  shores; 

- Loss o f  agricultural land; 

- Impactsonsizeandcharacterof  nearbysettlements; 

- Creation o f  potential f o r  further development, e.g along new road o r  e lec t r i c i t y  l ine; 

- Losso rc rea t i ono f  publicopenspace; 

- Changes t o  present drainage patterns; 

- Pressure on present or  proposed sewage treatment f a c i l i t i e s  during peak v i s i t o r  periods; 

- Capacity o f  water and e lec t r i c i t y  services and waste disposal ; 

- A i r  pollution, including dust from construction and pol lut ion from vehicles; 

- Noise during construction and from di f ferent  types o f  ac t i v i t i es  proposed on nearby 
residential areas and on sensitive habitats; 

- Water and sea pollution; and 

- Loss o f  f ish ing grounds and impact on aquaculture sites. 

D. Proposed measures to  prevent, reduce or  mi t igate the negative effects o f  the proposed tour is t  
accomnodat ion complex 

This section should describe a l l  measures - whether technical, legal, social, economic or  
other - t o  prevent, reduce or  mit igate the negative effects o f  the proposed tour is t  accommodation 
complex. I n  addition, i t  should describe measures t o  be used t o  monitor the effects on a long 
term basis, including the col lect ion o f  data, the analysis of data, and the enforcement procedures 
which are available t o  ensure implementation o f  the measures. 



3. GUIDELINES FOR PREPARATION OF AN ENVIRONMENTAL IMPACT ANALYSIS 
FOR A SEWAGE TREATMENT PLANT FOR A C I T Y  WITH MORE THAN 100,000 INHABITANTS 

A. Description o f  the proposed project 

The proposed treatment plant should be described, accompanied by plans on a scale o f  
1:2500*, including the following: 

- Types o f  sewage t o  be treated ( industr ial ,  domestic, agricultural 1; 

- Number o f  inhabitants t o  be served by the plant; 

- Types o f  c l ients to  be served, e.g industr ial ,  residential, conroercial, hospitals; 

- Quantity o f  sewage (cubic meters per day, per year); 

- Qual i ty  o f  sewage t o  be treated, including suspended solids (mgll i ter),  settleable 
solids (mg/liter), pH, turb id i ty ,  conductivity, BOO (ing/liter), COO (mg/liter), 
nitrogen, ammnia, phosphate, o i  1, surfactants, and heavy metals such as arsenic, 
cadmium, copper, lead, nickel and mercury; 

- Method tobeused i n  treatmentof sewage; 

- Layoutof thep lant  ( includingtreatmentfaci l i t iesandservicearea);  

- Use o f  eff luents (agriculture, recharging aquifer, disposal t o  sea o r  t o  nearest r iver) ;  

- Description of the plant's recipient body o f  water, i f  any; 

- Sludge quantity and quality; 

- Method o f  sludge treatment and disposal; and 

- Chemical, physical and bacteriological characteristics o f  eff luents such as suspended 
solids, settleable sol ids, pH, turbidity, conductivity, BOO, COO, nitrogen, zmnonia, 
phosphate, o i l ,  surfactants, and heavy metals such as arsenic, cadmium, copper, lead, 
nickel and mercury, to ta l  c o l i f o m ,  faecal colifonns and faecal streptococci. 

0. Description o f  the environment 

A description o f  the environment o f  the s i t e  without the proposed sewage treatment plant 
should concentrate on the imnediate surroundings o f  the proposed project. The size o f  the area 
described w i l l  be determined by the predicted effects of the proposed plant. 

*The scale o f  the maps given here i s  an indication, and i s  not mandatory. Standard maps which are 
available i n  each country could be used. 



a. Physical sitecharacterist ics 

- Site location on a map at  a scale o f  1:10,000 or 1:50,000 including residential areas, 
industrial areas and access roads. 

b. Climatological and meteorological conditions 

- Basicmeteorological da tasuchaswindd i rec t ionandwindve loc i ty ;  

- Special climatic conditions such as storms, inversions, trapping and fumigation, 
proximity to seashore, average yearly ra in fa l l  and number of rainy days per year; 

- Existing sources of a i r  pollution, especially o f  particulates and odours. 

c. Geological and hydrological conditions 

- Geological structure of  proposed area, including hydrology and aquifers; 

- Existingusesofwaterbodiesaround theproposedsiteand t hequa l i t yo f  thewater. 

d. Present land useof  thes i teand  i t s  surroundings 

e. Characteristics of sea area which w i l l  berecipient of discharged treated sewage. 

- Mater circulation; 

- Existence and characteristics o f  the thenmcline and i t s  structure; 

- Dissolved oxygen and nutrients concentration; 

- Microbial pollution; 

- Fishing grounds; 

- Aquaculture sites; and 

- Marine habitats. 

f. Existence of  endemic water borne diseases 

C. Identif ication of possible impacts 

An assessment of anticipated or forecasted impacts, using accepted standards whenever 
possible, o f  short tern impacts associated with act iv i t ies related to the construction of  the 
plant and long term impacts related to the functioning of the treatment plant should be given, 
including the follouing: 

- Odours -and a i r  pollution frc the plant and fro the disposal of effluents and sludge; 

- In f i l t ra t ion  of sewage into topsoil, aquifer or water supply and impact on drinking 
water quality; 

- Mosqui to breeding and diseases transmitted by mosquitoes; 

- Pollution of water bodies such as rivers, lakes or sea by effluents and impact on 
bathing water quality; 



- Flora and fauna; 

- F ru i t  and vegetable safety, i f  land disposal o f  eff luent or  sludge; 

- Noise levels around plant and i t s  sources; 

- Solid waste disposal o f  sludge and other wastes; 

- Devaluation o f  property values; 

- Tourist and recreation areas such as nature reserves, forests, parks, monuments, sport 
centers, beaches, and other open areas which would be impacted; and 

- Possible emergencies and plant fai lure, the frequency a t  which they may occur, and 
possible consequences o f  such emergencies. 

0. Proposed measures t o  prevent, reduce o r  mit igate the negative effects o f  the proposed plant 

This section should describe a11 measures-whether technical, legal, social, economic o r  
other-to prevent, reduce o r  mi t igate the negative effects o f  the proposed sewage treatment plant. 
I n  addition, i t  should describe measures t o  be used t o  monitor the effects on a long term basis, 
including the col lect ion o f  data, the analysis o f  data, and the enforcement procedures which are 
available t o  ensure implementation o f  the measures. 

4. GUIDELINES FOR PREPARATION OF AN ENVIRONMENTAL IMPACT ANALYSIS FOR A SEWAGE 
TREATMENT PLANT FOR A C I T Y  WITH BETWEEN 10,000 AND 100,000 INHABITANTS 

A. Description o f  the proposed project 

The proposed treatment plant should be described, accompanied by plans on a scale of 
1:2500*, including the following: 

- Types o f  sewage t o  be treated ( industr ial ,  domestic, agricultural); 

- Number o f  inhabitants t o  be served by the plant; 

- Types o f  c l ients t o  be served, e.g industr ial ,  residential, commercial, hospitals; 

- Quantity o f  sewage (cubic meters per day, per year) ; 

- Quali ty o f  sewage t o  be treated, including suspended solids (mg/liter), settleable 
solids (Wli ter), pH, turbidity, conductivity, BOO (mg/liter), COO (ing/li ter), 
nitrogen and o i  1 ; 

*The scale of the maps given here i s  an indication, and i s  not mandatory. Standard maps which are 
available i n  each country could be used. 



- Method tobeused i n  treatmentof seuage; 

- Layout o f  the plant (including treatment f ac i l i t i e s  and service area); 

- Use of  effluents (agriculture, recharging aquifer, disposal to  sea or to nearest r iver); 

- Description of  the plant's recipient body of water, if any; 

- Sludge quanti ty and qua1 i ty; 

- Method of sludge treatment and disposal; and 

- Chemical, physical and bacteriological characteristics of  effluents such as suspended 
solids, settleable solids, pH, turbidity, BOO, COD, nitrogen and o i l .  

B. Description of  the environment 

A description of  the environment of  the s i t e  without the proposed sewage treatment plant 
should concentrate on the immediate surroundings of  the proposed project. The size o f  the area 
described w i l l  be determined by the predicted effects o f  the proposed plant. 

Physical s i te  characteristics 

Site location on a map a t  a scale o f  1:10,000 including residential areas, industrial 
areas and access roads. 

Climatological and ~eteorological conditions 

Basic meteorological data such as wind direction and wind velocity; 

Special climatic conditions such as storms, inversions, trapping and fumigation, 
proximity to  seashore, average yearly ra in fa l l  and number o f  rainy days per year; 

Existing sources of  a i r  pollution, especially o f  particulates and odours. 

Geological and hydrological conditions 

Geological structure o f  proposed area, including hydrology and aquifers; 

Existing uses of  water bodies around the proposed s i te  and the quality of  the water; 

Present land use of the s i t e  and i t s  surroundings 

Characteristics of sea area which w i l l  be recipient of discharged treated sewage 

Water circulation; 

Existence and characteristics of  the thennocline, and i t s  structure; 

Dissolved oxygen and nutrients concentration; 

Microbial pollution; 



- Fishinggrounds; 

- Aquaculture sites; and 

- Marine habitats. 

f. Existence of endemic uater borne diseases 

C. Ident i f icat ion o f  possible impacts 

An assessment o f  anticipated or  forecasted impacts, using accepted standards whenever 
possible, o f  long term impacts related t o  the functioning o f  the treatment plant should be given, 
including the following: 

- Odours and a i r  po l lu t ion  from the plant and from the disposal o f  eff luents and sludge; 

- I n f i l t r a t i o n  of sewage i n to  topsoil, aquifer or water supply and impact on drinking 
water qua1 i ty; 

- Mosquito breeding and diseases transmitted by mosquitoes; 

- Pol lut ion o f  water bodies such as rivers, lakes or  sea by eff luents and impact on 
bathing water quality; 

- Floraandfauna; 

- F ru i t  and vegetable safety, i f  land disposal of eff luent o r  sludge; 

- Sol id waste disposal o f  sludge and other wastes; 

- Tourist and recreation areas such as nature reserves, forests, parks, monuments, sport 
centers, beaches and other open areas which would be impacted; and 

- Possible emergencies and plant fa i lure,  the frequency a t  which they may occur, and 
possible consequences o f  such emergencies. 

D. Proposed measures to prevent, reduce or  mi t igate the negative effects o f  the proposed plant 

This section should describe a l l  measures - whether technical, legal, social, economic or  
other - t o  prevent, reduce or  mi t igate the negative effects o f  the proposed sewage treatment 
plant. I n  addition, i t  should describe measures to  be used to monitor the effects on a long term 
basis, including the col lect ion of data, the analysis of data, and the enforcement procedures 
which are available to  ensure implementation of the measures. 

5. GUIDELINES FOR THE PREPARATION OF AN ENVIRONMENTAL IMPACT ANALYSIS 
OF A SUBMARINE SEWER OUTFALL FOR A C I T Y  OF UP TO 100,000 INHABITANTS 

Introduction 

The main object o f  a sea ou t fa l l  i s  t o  discharge eff luent from a sewerage system a t  an 
adequate distance, the out let  being located a t  a point a t  which hydrodynamic effects w i l l  assist 
dispersal o f  the eff luent. The f i r s t  requirement, therefore, i s  t o  determine these ef fects and, 
basically, the water c i rculat ion i n  the discharge area. 



Unt i l  f a i r l y  recently, the sea was taken f o r  granted as a convenient natural dumping ground 
fo r  sewage without a thought being given t o  how much polluted ef f luent  i t  could reasonably 
accept. With growing interest i n  environmental problems came the real izat ion that there i s  i n  
fact a l i m i t  t o  the sea's capacity t o  accommodate such pollutants. 

However, a sea ou t fa l l  i s  sometimes the only feasible solution. I n  such cases, the 
importance o f  reducing unavoidable pol lut ion to  a minimum i s  generally recognized and, 
accordingly, o f f i c i a l  regulations have been issued on the subject and optimized ou t fa l l  design 
methods developed. 

Once i t  has been decided to  implement a sea ou t fa l l  project, i t  i s  up t o  the project 
authori ty 's technical s t a f f  t o  s i t e  the ou t fa l l  i n  a manner ensuring that the water i n  areas t o  be 
protected from contamination w i l l  meet the required qua l i t y  standards. The effects o f  sea ou t fa l l  
e f f luent  should be determined considering the most c r i t i c a l  pol lu t ion conditions fo r  the areas 
requir ing protection. A discharge point can be considered acceptable i f  the pol lutant outflow 
concentrations are consistent with the water qua1 i t y  standards applicable i n  the areas requiring 
protection, e.g holiday beaches, she l l f i sh  breeding areas. 

A.  Description o f  the proposed project 

The proposed ou t fa l l  should be described, including the following: 

a. The o u t f a l l  

- Length o f  pipe o f  ou t fa l l ,  diameter, depth, pipe material; 

- Pipe laying method: on seabed, buried i n  seabed; 

- Method o f  control corrosion; 

- Method to  protect from trawls and anchoring; 

- Diffuser length, or i f ices,  configuration and diameter; 

- Discharge velocity; and 

- Primary d i lu t ion,  f i na l  d i lu t ion.  

b. The eff luents 

- Eff luent characteristics, e.g quantity, degree o f  treatment, physical, chemical and 
bacteriological composition, seasonal variations; and 

- T90: d ie out time fo r  90% o f  bacteria. 

0. Description o f t h e  environment 

A description o f  the environment o f  the s i t e  of the proposed out fa l l  should include the 
following: 



a. Physical s i techarac ter is t i cs  

- An onshore topographic and offshore bathymetric map of the s i t e  and i t s  surroundings at 
a scale o f  1:5000* covering a t  least 2 kilometers of the coast. 1 kilometer from the 
waterline offshore and 200 meters from the waterline inland; 

- Geological and geomorphological conditions a t  ou t fa l l  s i t e  including rock outcrops on 
and offshore, sedimentological conditions and c l i f f  s tab i l i t y .  

b. Hydrographic and meteorological information 

- Surface and shallow depth currents under various t i da l  and weather conditions; 

- Currentat  t hedep tho fe f f l uen td i sposa l ;  

- Turbulent d i f fus ion coefficients; 

- Ex is tenceandcharac te r i s t i cso f  thennocline; 

- Seawater temperature and sa l i n i t y  and the i r  variat ion with depth; and 

- Wind velocit ies and direction. 

c. Biological conditions 

- Status of benthic fauna and f l o ra  and o f  various sediment categories, e.g gravel, mud, 
sand; and 

- Available knowledge on pathogens survival capacity i n  the marine environment. 

d. Present and future uses of sea and beach 

- Tourism, recreation, fishing; 

- Shellf ishbreeding; and 

- Quality standards o f  seawater f o r  d i f fe rent  uses. 

C. Ident i f icat ion o f  possible impacts 

An assessment o f  anticipated or  forecasted impacts, using accepted standards whenever 
possible, should be given, including the following: 

a. Impacts of construction 

- Earthworks; 

*The scale o f  the maps given here i s  an indication, and i s  not mandatory. Standard maps which are 
available i n  each country could be used. 



- Road access; 

- Noise of equipment. 

b. Impacts of operation 

- Flora and fauna; 

- Seawater temperature; 

- Bacteriaconcentration; 

- Oxygen and nutrients concentration; 

- Water turbidity and colour. 

c. Impacts on other present and potential land uses on and offshore 

- Recreation activities, including bathing waters and sand beaches; 

- Fishing grounds, especially relation to she1 lf ish. 

d. Expected impacts on the reductionof enteric diseases 

D. Proposed measures to prevent, reduce or mi tigate the negative effects of the proposed 
submarine sewer outfall 

This section should describe all measures - whether technical, legal, social, economic or 
other - to prevent, reduce or mitigate the negative effects of the proposed submarine sewer 
outfall. In addition, it should describe measures to be used to monitor the effects on a long 
term basis, including the collection of data, the analysis of data, and the enforcement procedures 
which are available to ensure implementation of the measures. 
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ABSTRACT 

During the four centuries since Europeans f i r s t  set foot on Caribbean soi l ,  the environment 
has been changed signif icantly. By and large the Caribbean islands had l i t t l e  i n  the way of 
mineral resources, the i r  value lay i n  an equable ( t ropical )  climate suitable fo r  the cu l t i va t ion  
of coffee, cocoa, sugarcane and tobacco. Agriculture became pre-eminent and the natural forests 
were cleared fo r  that purpose. From the 1950s to the present, most Caribbean islands have adopted 
industr ial  i zation policies. Economic development i n  the Caribbean can be general 1 y considered 
coastal. I n  th is  paper an examination i s  made o f  the h is tor ica l  industr ial  development of the 
Caribbean islands and the consequent environmental impact, with par t icu lar  reference to  economic 
confl icts related to  tourism, f isheries and agriculture. 

INTRODUCTION 

The history o f  the Caribbean and i t s  development i s  as varied as i t s  ethnic, l ingu is t i c  and 
ideological composition. Fought over f o r  three centuries by the Br i t ish,  French, Spanish and 
Dutch; and the indigenous populations v i r t ua l l y  anihilated, the Caribbean o f  the twentieth century 
i s  s t i l l  struggling to  determine i t s  identi ty. Very few o f  the islands comprising the archipelago 
have mineral o r  energy resources on which t o  base the i r  industr ial  development. Economically, 
basically they stand on two legs - agriculture and tourism. Notable exceptions are Trinidad and 
Tobago which has o i l  and natural gas, Jamaica (bauxite) , the Dominican Republic (gold and s i  lver)  
and Cuba (nickel).  

During the nearly f i v e  centuries since Europeans f i r s t  set foot on Caribbean soi l ,  the 
environment has been changed s igni f icant ly .  For example, the island of Barbados was once covered 
by forest; today there are few native trees. 

As mentioned above the Caribbean islands had l i t t l e  i n  the way o f  mineral resources; the i r  
value lay i n  an equable ( t ropical )  climate suitable fo r  the cul t ivat ion o f  coffee, cocoa, sugar 
cane and tobacco. They also provided heavens and safe refuge to  the many pirates (par t icu lar ly  
Br i t i sh)  who waylaid the Spanish galleons transporting gold, s i l ve r  and precious stones from 
Central and South America t o  Spain. 

Agriculture became pre-eminent and the natural forests were cleared fo r  that purpose. A t  
one time some seventy percent o f  Barbados was under sugar cane. From the 1950s t o  the present 
most Caribbean islands have adopted industr ia l izat ion policies. However, due essential ly t o  a 
lack of indigenous raw materials, manufacturing industries are based on imported materials mainly 
i n  a semi-finished state. 



With the exception o f  the larger  islands o f  Cuba, Jamaica, Hispaniola and Trinidad, any 
economic development i n  the Caribbean can be considered t o  be coastal since no po in t  i s  more than 
a few kilometres from the sea. Even i n  the aforementioned islands most o f  the economic a c t i v i t y  
i s  codstdl i n  nature. 

THE COLONIAL ERA 

As mentioned i n  the previous section, the colonies were seen mainly i n  terms of t he i r  value 
as suppliers of  raw materials, p r imar i l y  agr i cu l tu ra l  products. By fa r ,  the biggest crop being 
sugar cane; although cocoa, coffee, cotton and bananas were also cu l t i va ted  on a f a i r l y  large 
scale on some o f  the islands. La t te r l y  minerals such as bauxite, nickel  and gold and more 
importantly, o i l  and natural  gas have determined the countries' value. The smaller t e r r i t o r i e s  of 
the Caribbean are also pr ized f o r  t he i r  golden o r  white beaches and amiable climate. 
N~vertheless. regardless o f  the per iod o f  h i s to ry  chosen, the wealth o f  the countries has always 
been measured i n  terms o f  and determined by t he i r  value t o  the metropolitan powers rather than the 
local  inhabitants. 

As a consequence o f  the above, production o f  commodities by individual t e r r i t o r i e s  were (and 
s t i l l  are) out of a11 proport ion t o  t h e i r  populations, leading t o  environmental degradation more 
rap id ly  and f a r  greater than would be the case i f  production had been p r imar i l y  t o  meet loca l  
needs. 

The suqar industry 

Thus t o  take the production o f  sugar as an example, over 55% o f  the t o t a l  surface area of 
Barbados i s  permanently under sugar cane, whi le the f igures f o r  Trinidad and Tobago and Jamaica 
are approximately 10% (representing about 30% o f  the land presently under cu l t i va t i on )  and 7.5% 
respect ively.  I n  terms o f  the production o f  sugar, the per capita f igures f o r  the three countries 
are 0.53, 0.24 and 0.22 tons per year respectively, while the consumption f o r  each t e r r i t o r y  i s  
about 0.04 tons per capita per year. One would expect a s ing le  operation on such a scale t o  have 
a s ign i f i can t  d i r ec t  e f f e c t  on the environment o f  those countries. The magnitude o f  the impact i s  
re la ted t o  the fo l lowing main aspects o f  the industry: 

Monocul t u ra l  ag r i cu l tu ra l  pract ice. 

Large-scale crop-sprayi ng. 

Large-scal e use o f  inorganic f e r t i  1 i zers. 

The generation o f  s o l i d  wastes v iz .  f i  1 t e r  press mud cakes and bagasse. 

The generation o f  large volumes of l i q u i d  e f f l uen ts  w i th  a very high bio-chemical oxygen 
demand (BOD). This problem i s  compounded by the f ac t  that  the e f f l uen t  i s  generated during 
the dry season when r i v e r  flows are a t  t h e i r  lowest. 

The generat ion  o f  air-borne po l lu tants  resu l t i ng  from the burning o f  the cane before reaping 
and from the use o f  bagasse as a fue l  f o r  the factory  bo i lers .  

Since production i s  present ly between f i v e  (Jamaica) and th i r teen  (Barbados times the loca l  
requirement f o r  t h i s  connodity, the impact on the environment must be a t  least  that  much greater 
than would be the case i f  the industry were geared p r imar i l y  towards loca l  needs. 



The i rony o f  the s i t ua t i on  i s  that, w i th  the exception o f  Cuba, even without sugar cane the 
avai lable land would be i nsu f f i c i en t  t o  grow enough food t o  feed the islands populations, ye t  the 
cu l t i va t i on  o f  basic essent ial  foodcrops would be f a r  less environmentally harmful. 

The Immediate pre-i ndependence s i tua t ion  

The e f f ec t  o f  co l on i a l i s t  po l i c ies  therefore was the degradation o f  the natural  environment 
occasioned by the development o f  export or iented "one-crop" economies. At the same time, the 
resu l t  was that  very few types o f  po l lu tants  were introduced i n t o  the natural  ecosystem. Thus, 
p r i o r  t o  the middle o f  t h i s  century, the only s ign i f i can t  indus t r ia l  po l lu tants  i n  the region 
were: those resu l t i ng  from the sugar industry and ( f o r  some countries) the banana industry; those 
caused by the bauxite industry i n  Guyana and Jamaica and other quarrying operations ca r r ied  on t o  
obtain mater ials p r imar i l y  f o r  loca l  construction; and those introduced by the petroleum indust ry  
i n  Trinidad. 

The most serious forms o f  po l l u t i on  which af fected the population a t  large resul ted from the 
lack o f  adequate sani ta t ion f ac i  1 i t ies.  Even today, gastro-enteri t i s  and other water-borne 
diseases, occasioned by inadequate sewage disposal systems, remain the greatest cause o f  i n fan t  
mo r t a l i t y  through Caribbean. 

Another legacy o f  the co lon ia l  era i s  the e f f e c t  o f  uncontrolled deforestat ion i n  the 
mountains which took place i n  many o f  the islands. Some o f  the forests were cut  down f o r  timber 
and some by peasant fanners who, being unable t o  obtain land on the p la ins o r  i n  the valleys, had 
very l i t t l e  choice. The e f f ec t  has been the p a r t i a l  destruct ion o f  the watersheds, erosion o f  the 
t h i n  topsoi l  and the s i l t i n g  up o f  the r ivers .  This i n  tu rn  has led  t o  very uneven r i v e r  flows 
during the ra iny and dry  seasons, together w i th  increasing incidences of f l ash  flooding. 

Bauxite production i n  Guyana and Jamaica as i n  most producer countries i s  an export-oriented 
operation. Thus Guyana, w i th  a small population o f  400,000 i n  1948, produced 2.6 x lo6 metr ic  
tons (i .e. 32% o f  t o t a l  world production). By 1973 (population 760,000) production had increased 
t o  3.5 x lo6 metr ic tons (5% o f  world production). However, Guyana has a large land area (2.15 
x 105 km2) and i t  may be argued that the e f f ec t  o f  the operations on the t o t a l  environment i s  
not too serious. Even i f  one were t o  agree w i th  t h i s  argument, i t  cer ta in ly  cannot be appl ied t o  
Jamaica, which has a population o f  1.8 x 106 and a land area o f  only 11424 km2. That country 
f i r s t  produced bauxite i n  1952 (4.2 x lo5 tons) and by 1973, output from the mines had increased 
t o  13.49 x lo6 tons (i .e. 20% o f  world production). A growth ra te  of 7 percent per annum from 
1960 and 6 percent per annum from 1969 t o  1973 was recorded. I n  the 1980s however there has been 
a dramatic decl ine due mainly t o  lack o f  demand. 

Although the environmental impact o f  the bauxite industry i n  Jamaica has been serious, 
pa r t i cu l a r l y  that  associated w i th  alumina production, i t  i s  in terest ing t o  note that  the leases 
signed by the Jamaican Government wi th  the fore ign companies, required the l a t t e r  t o  r ehab i l i t a t e  
the mined out areas. No such provision was made i n  the case o f  Guyana, where operations began a t  
the beginning o f  t h i s  century, a t  a time when i t  was never thought that the colonies would ever be 
granted independence. 

THE MODERN ERA (1950 TO PRESENT) 

When a f t e r  the Second World War, the loca l  populations began t o  gain increasing p o l i t i c a l  
control  o f  t h e i r  countries, and f ind ing  t h e i r  economics so underdeveloped, the "Lewis doc tr ine",  
f o r  development, emerged. The cornerstone o f  that  philosophy was that  since they lacked the 
necessary capi ta l  and technology, the only way t o  accelerate the process was t o  ent ice fore ign 



companies t o  establish subsidiaries. By doing this, i t  was anticipated that advanced technology 
would be assimilated rapidly i n  the country leading t o  i t s  d i f fus ion throughout the economy, and 
that as a resul t  o f  the generation and d is t r ibu t ion  o f  substantial income, the local population 
would, automatically, be able t o  continue the process themselves. This was the so-called 
" industr ia l izat ion by inv i tat ion"  process which was universally adopted throughout the region. To 
f a c i l i t a t e  the process, the Governments o f  the region devised generous f i sca l  incentives, 
including duty-free imports o f  machinery and raw materials, which were to  be granted to  the 
foreign investors. 

The strategy o f  industr ia l izat ion by invitat ion, subsequently, had one of 
import-substitution superimposed on i t ,  and the pol icy instruments, used to  hasten th is  phase of 
development, remained essentially the same. 

Throughout t h i s  ent i re period, very l i t t l e  attent ion was given to  the protection o f  the 
physical environment. Indeed i t  was generally f e l t ,  throughout the Developing World, that t o  
i ns i s t  on pol lut ion control and protection o f  the environment would be counter-productive with 
regard to  the at t ract ion o f  capital. 

As might be expected i t  was the islands which had the better infrastructure and large and 
better trained manpower which became the more developed, i .e. Trinidad and Tobago, Jamaica, Cuba, 
Dominican Republic and to  a lesser extent Barbados and more recently St. Lucia. The smaller 
islands including Barbados and S t .  Lucia concentrated more on tourism development (Puerto Rico has 
been omitted intent ional ly  as i t  i s  a very special case). 

Thus, i n  the context o f  the h is to r ica l  development o f  the Caribbean, as very b r i e f l y  
sumnarized above, i t  should be expected that the environmental problems o f  the region would be 
qui te d i f ferent  t o  those o f  the metropolitan countries. 

During th is  period o f  time, many industries were established i n  v i r t ua l l y  every f i e l d  o f  
a c t i v i t y  such as: food processing, lead smelting, battery manufacture, metal p lat ing and 
f inishing, cement, f e r t i l i ze rs ,  cosmetics, pharmaceuticals, and weaving and dying. This has led 
t o  the i n troduct ion i n to  the envi ronmen t o f  increasing quant i t ies  o f  BOO, phosphates, inorganic 
and organic chemicals, and the highly toxic heavy metals such as lead, chromium, zinc and copper. 
The majori ty o f  the new establishments commenced operation during the l as t  fo r ty  years, and one 
might expect that i n  the absence o f  environmental legis lat ion and controls, the s i tuat ion i n  the 
countries which have industr ial ized the most, should be close t o  catastrophic. However, taking 
Trinidad and Tobago as an example, the s i tuat ion i s  nowhere nearly as bad as may be expected. 

The dearth of quantif ied data makes i t  impossible t o  paint the to ta l  picture. However, a 
qual i ta t ive analysis may be made o f  the s i tuat ion by considering the nature o f  each enterprise 
together with i t s  location. Additionally, the da i ly  water consumption o f  the enterprise can be 
used as a guide1 ine fo r  the type o f  operation carr ied on. 

Trinidad and Tobago as an example 

Table 1 shows a breakdown by number o f  enterprises of ten main manufacturing categories 
established i n  Trinidad and Tobago between 1961 and 1975 (two catecoriris namely, garments and 
furniture, have been omitted from the analysis as they were assumed to  be basically 
non-polluting). 



Table 1: Number of Manufacturing Establishments in 
Each of Ten Categories, Established in Trinidad and 

Tobago between 1961 and 1975 

CATEGORY NUMBER % OF TOTAL 

Food and Drink Processing 
Text i les 
Building Materials 
Plastics Processing 
Printing and Packaging 
Paper Products 
Cosmetics 
Chemical Processing 
Assembly Type and 

Related Industries 
Miscellaneous Manufacturing 

TOTAL 

This table shows that of the three hundred and eighty seven (387) establishments tabulated, 
just four categories accounted for two hundred and sixty five (265) (i .e. 68.8 percent of the 
total ). 

These are the categories of miscellaneous manufacturing (21.7%). building materials (17.3%), 
food and drink processing (15%) and assembly-type and related industries (14.8%). Of these it was 
found that only two (food and drink processing and building materials) were responsible for the 
bulk of the water pollution in the country. 

Of the three broad categories: water pollution, air pollution and land pollution, the study 
showed that water pollution was the most serious and widespread. 28.3 percent of the 
establishments discharged pollutant of one sort or another. However, the range of pollutants was 
found to be quite small, the majority being BOO from the food processing industry (28% of the 
total) and suspended solids from the building material industry (26%). 

The other pollutants of significance which could be identified were: titanium, lead and zinc 
from the paint industry; chromium, zinc and acids from electroplating; acids and lead from the 
metal treatment and battery industries, and polychlorinated biphenyls (PCBs) from the plastics and 
adhesives industries. The quantities of these tend to be fairly small individually. However, 
some of them particularly lead, chromium, titanium, zinc and PCBs are toxic in very small 
quantities and can be concentrated by the biological food web. In the absence of quantitative 
analyses it is not possible to determine the nature of the problem. Nevertheless, it should be 
noted that since most of the establishments are concentrated along the East-Uest Corridor, the 
substantial majority of these effluents are discharged either directly to the Caroni River or 
indirectly via the small tributaries such as the St. Joseph or San Juan River. Ultimately of 
course, it ends up in the Caroni swamp and Gulf of Paria. 

Air pollution is not a general industrial problem, but does create severe localized 
problems. This is not surprising since air pollution is more a phenomenon of primary industries, 
domestic heating, motor vehicular traffic and electrical power generation from fossil other than 
natural gas. 



There are a few large primary industries i n  the country which give r i s e  t o  localized 
problems which can have serious effects on the population. The main gaseous air-pollutants i n  
t h i s  country are oxides o f  sulphur and hydrocarbons from the petroleum refineries, and oxides of 
sulphur from the sulphuric acid plants. Part iculate a i r -pol lu t ion results from the cement 
company's operation a t  Claxton Bay. These pol lutants only make themselves obvious during the 
infrequent wind reversals. However, that i s  not t o  say the local population i s  not a t  r i sk  nor 
have suffered respiratory damage. What i s  required i n  order e i ther  to condemn or  exonerate the 
industries i s  a detailed analysis o f  the nation's health s ta t i s t i cs  t o  determine whether o r  not 
the incidence o f  respiratory illnesses i s  higher i n  certain areas than i n  others and thereby to  
see i f  there i s  any correlat ion with the location of par t icu lar  industries. 

A more general widespread source o f  pol lu t ion i s  that emanating from vehicular t r a f f i c  which 
generates carbon monoxide, particulates, oxides o f  sulphur, hydrocarbons, oxides o f  nitrogen and 
compounds of lead. However, th is  aspect cannot be dealt with i n  t h i s  paper. 

I n  fact  a complete and more detailed investigation o f  the present s i tuat ion i n  Trinidad and 
Tobago and indeed o f  the ent i re Commonwealth Caribbean area showed that the most serious 
environmental effects are associated u i  t h  domestic sewage, large export oriented extract ive 
industries, agriculture, food and drink processing, emissions from motor vehicles and the 
bui lding materials industry, i n  that order. 

This pattern i s  completely d i f ferent  from that which i s  obtained i n  a highly industr ial ized 
country such as the United States o f  America. O f  the major pol lut ing industries i n  the U.S.A. 
only three o f  the eight l i s ted  (petroleum, chemical plants and food, drink and meat processing), 
contribute s igni f icant  quantit ies o f  pol lutants t o  the environment i n  any o f  the Commonwealth 
Caribbean countries. 

Nevertheless, given the absence o f  environmental legis lat ion and minimal controls, and given 
the l i s t  o f  products manufactured i n  Trinidad, the following toxic chemicals should appear i n  the 
environment i n  s igni f icant  quantities: arsenic, cadmium, chromium, copper, f luoride, lead, 
mercury, titanium, thallium, zinc and PCBs; and the i r  concentrations should be such that the i r  
presence would resul t  i n  sickness and disease among the population. However, t h i s  i s  not the 
case. Indeed even highly pol lut ing industries such as paper products and plast ics processing 
which ex is t  i n  Trinidad and which have f a i r l y  large outputs, discharge only re la t ive ly  small 
amounts o f  pollutants t o  the environment. 

The main reason f o r  the absence o f  s igni f icant  quanti t ies o f  the toxic pollutants i s  that 
the majori ty o f  the industries are "screw-driver", finishing-touch or  packaging establishments. 
The closer an industry i s  t o  primary production, i n  general, the greater and more toxic the 
ef f luent  becomes. Thus i f  backward linkages had been created i n  the economy, the country would 
have been faced with very serious problems i n  the absence o f  environmental controls. Even i n  the 
food and drink processing industry, the lack o f  backward linkages with local agriculture has 
lessened the ef fect  o f  the BOO loading. 

Hence i ronical ly ,  the absence o f  substantial quanti t ies o f  toxic pollutants, i s  an 
indictment o f  the type o f  industr ial  development which has taken place so far. 

I n  the second hal f  o f  the 1970s and early 1980s Trinidad embarked on a major 
energy-i ntensi ve industr ial  development programme based on i t s  large natural gas resources. Three 
o f  the world's largest ammonia plants have been b u i l t  there as well as plants t o  manufacture urea, 
annnnium sulphate, i ron  and steel (by d i rec t  reduction) and methanol. Ear l ier  plans t o  construct 
an aluminium smelter and an LNG plant were subsequently dropped f o r  economic reasons. A11 o f  the 
plants together with two o i l  ref iner ies are on the west coast, facing the Gulf o f  Paria, a 
v i r t u a l l y  enclosed body o f  the sea between Trinidad and Venezuela. The Gulf o f  Paria i s  smaller 
and shallower than Lake Eerie (the smallest o f  the North American Great Lakes) and i s  the source 
o f  much o f  Trinidad's f i s h  supply. 



To date Trinidad and Tobago has no meaningful environmental laws, but most of the p lants  
were b u i l t  w i th  modern po l l u t i on  control  equipment. However, no systematic monitoring o f  
e f f luents  i s  carr ied out and there i s  no regulatory body. 

Tourism 

As mentioned e a r l i e r  the smaller is lands concentrated more on tourism as the engine o f  t h e i r  
economic development, the main ones being Barbados, the Bahamas, U.S. V i rg in  Islands, St. Lucia, 
Grenada and Antigua. However, as w i th  indus t r ia l  development, l i t t l e  a t ten t ion  was pa id t o  the 
environment - which i s  even more c r i t i c a l  f o r  sustainable tourism development. 

The major i ty  o f  tourism a c t i v i t i e s  occur i n  the innediate coastal zone, whose resources 
const i tutes major a t t ract ions such as beaches and coral  reefs o r  are h igh ly  funct ional f o r  
anchorage and marinas. 

Several o f  the major beaches o f  the islands are experiencing o r  have experienced 
deter iorat ion which threatens the qua l i t y  o f  beach tourism. Important marine habi ta ts  face 
increased stress. 

Is land habitats tend t o  be vulnerable environments and, where management i s  inadequate, 
is land environments are pa r t i cu l a r l y  vulnerable. 

Small is land states cannot a f f o rd  mistakes as the en t i r e  country can be affected. The land 
area o f  Barbados i s  only one quarter that  o f  London; even the comparatively large is land o f  
Trinidad i s  less than three times the s ize of London. As a consequence, v i r t u a l l y  the e n t i r e  
country o f  every is land s ta te  i s  accessible t o  each and every t ou r i s t  w i th in  a one day period. 

The r esu l t  i s  that  carry ing capacity thresholds are o f ten  reached quickly,  w i th  consequent 
economic, social ,  v isual and ecological e f fec ts  not eas i l y  quant i f ied. 

Apart from the physical environment the tou r i s ts '  per capita demands on other natural  
resources such as water, i n f ras t ruc tu re  - a i rpor ts ,  seaports, roads and sewage systems and 
treament o f  f a c i l i t i e s  and garbage disposal as wel l  as energy, exceed (often by many times) those 
o f  the loca l  population. Where such resources are scarce o r  non ex is tent  and necessitate imports, 
the rea l  economic value o f  mass tourism development can be questionable. 

Given the very b r i e f  and somewhat s imp l i s t i c  explanation o f  problems re la ted t o  tourism 
development i n  the smaller Caribbean Islands one may tu rn  t o  some o f  the con f l i c t s  re la ted  t o  
general economic development and tourism. 

Conf 1 i c t s  between tourism and q e x a l  economi~developtwnt 

I n  a large country, planners may set aside cer ta in  areas f o r  exclusive tourism purposes. 
This i s  very d i f f i c u l t  i n  a small is land state. A country such as S t .  Lucia has very (small) 
r i ve r s  a l l  o f  which empty t o  the sea through the more a t t r ac t i ve  bays containing some o f  the best 
beaches. Barbados has no permanent r i ve rs .  Hence any industry which uses a r i v e r  t o  dispose o f  
i t s  l i q u i d  e f f luents  has a d i r ec t  and immediate e f f ec t  on a t ou r i s t  (or  po ten t ia l  t o u r i s t )  resor t  
area. One may consider essent ia l ly  two con f l i c t s :  the e f fec t  o f  in land development on tourism o r  
the ef fect  o f  tourism on inland development, or  the e f fec t  o f  tourism on inland o r  coastal 
development, depending on the development p r i o r i t i e s  o f  the government. B r i e f l y ,  one may 
h igh l igh t  the fol lowing con f l i c t s  o f  interests.  



(a Mangrove swamps 

Areas i n  which mangrove swamps occur have o f  ten been determined t o  be the best areas 
f o r  the development o f  marinas o r  other aquatic or iented t o u r i s t  f a c i l i t i e s .  Hence 
they have been drained o r  removed and dredged. These areas however, are o f ten  among 
the most b i o l og i ca l l y  productive as spawning grounds f o r  f i sh ,  shrimps and she l l  f ish.  
The destruct ion o f  mangrove areas can lead t o  serious detrimental e f fec ts  t o  the loca l  
ar t isanal  f i sh i ng  industry. 

(b) Coral Reefs 

Coral grows very slowly. Good management pract ices are needed t o  prevent "amateur" 
scuba divers from trampling and destroying the small reefs of fshore o f  the small 
islands. Coral reefs are very del  i ca te l y  balanced ecosystems, serve as nurseries f o r  
much sea-1 i f e  and act as bar r ie rs  t o  the erosive power o f  the sea. Some beach erosion 
i n  the Caribbean has been a t t r i bu ted  t o  the destruct ion o f  coral  reefs. Apart from 
trampling and removal o f  coral  t o  s e l l  t o  tour is ts ,  destruct ion o f  reefs has also been 
blamed on the sea disposal o f  untreated o r  inadequately treated sewage. Inland o r  
coastal a c t i v i t i e s  leading t o  high leve ls  o f  sediment loading o f  r i ve r s  o r  coastal 
waters can smother reefs and also hasten t he i r  demise. Once a reef  has been destroyed, 
rap id  coastal erosion normally ensues. Dickenson Bay, Antigua, Grand Anse and Levera, 
Grenada are reportedly experiencing erosion rates o f  3.6 m per year. 

(c)  Beach mining 

I n  most o f  the Caribbean Islands, the only source o f  sand f o r  construct ion purposes i s  
the beach. Beach sand i s  mined l ega l l y  and i l l e g a l l y  f o r  that  purpose. I n  general 
ext ract  ion rates f a r  exceed natural  replacement rates, leading t o  increased erosion. 
The Governments are then faced w i th  very expensive sea defense publ ic  ( c i v i l  1 works 
programmes t o  prevent erosion. However, the beach i s  v i r t u a l l y  l o s t  and not much time 
i s  required before the tou r i s ts  stop going t o  the resort .  

( d l  Agr icu l ture 

Intensive monocultural agr icu l ture requires the use o f  high f e r t i l i z e r ,  pest ic ide and 
herbicide dosages much o f  which f i n d  t h e i r  way v i a  the small coastal bays, presenting 
potent ia l  health threats. More insidious however, i s  that  the a l loca t ion  o f  the best 
agr i cu l tu ra l  land t o  export-oriented monocul ture has denied the landless local  
population access to  good agr i cu l tu ra l  land. This pract ice has dr iven them i n t o  the 
h i  11s and mountains where they engage i n  i 1 legal "slash-and-burn" subsistence fanning. 
Such pract ices lead t o  the destruct ion o f  the watersheds as wel l  as water re tent ion and 
aqui fer  recharge, s i  1 t a t i on  o f  r i ve r s  and increased f lash-f looding and possible 
smothering of coral reefs. A l l  o f  these e f fec ts  have d i r ec t  o r  i nd i rec t  e f fec ts  on 
tourism. 

(el Resource a l loca t ion  

As mentioned i n  the previous section, most of the small islands have very l im i ted  
natural  resources and no indigenous energy resources. I n  some cases, tourism ha:> 
become so important that the t ou r i s t s '  needs have p r i o r i t y .  When the t ou r i s t s '  needs 
have t o  be sa t i s f i ed  t o  the exclusion o f  the local  population, i t  i s  d i f f i c u l t  t o  see 
how the res t  o f  the economy can develop properly. 



CONCLUDING REMARKS 

The issues related to  coastal development, par t icu lar ly  as related t o  small island states 
are extremely complex. 

The analysis given above i s  very b r i e f  and, therefore, rather simp1 i s t i c .  A paper o f  th is  
nature cannot go i n to  complex explanations o f  the relationships between humans and the i r  
environment and the i r  economic developmnt needs. I t  has been wr i t ten more to stimulate 
discussion than to provide answers or  diagnoses. 

I n  1981 the Wider Caribbean adopted the Action Plan fo r  the Caribbean Environment 
Programme. The Plan was enthusiastically adopted by the island states of the region w h o  
recognized the environmental f ragi  1 i t y  o f  the i r  countries. 
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ABSTRACT 

The coastal area o f  Kuwait could be divided into those bordering the Bay o f  Kuwait and the 
coast l i ne  along the open sea. This portion i s  mostly mud f la ts  (31.7%) owing to  the low energy 
i n  the area. The rest of  the coast i s  mostly sand or rock (13.3%). A large portion of the coast 
l i ne  i s  f i l l e d  up (18.4%). The coast i s  almost to ta l ly  taken up. The area that i s  not developed 
i s  that to  the north and west of  the Bay of  Kuwait owing to  i t s  inaccessibility. Ports, 
desalination plants, Shuaiba Area industrial complex and other Government owned property comprise 
about 14% o f  the coast line. The good quality beaches to  the south, amounting up to  401 of  the 
total coast line, are being taken up and are not accessible to  the public. 

The c r i te r ia  for  s i t i ng  of  some of the major projects are outlined. These include urban 
development, tourism and recreation, ports and harbours, industry, off-shore mining and power 
stations. The impacts o f  the coastal act iv i t ies on the marine environment are also reviewed. 

INTRODUCTION 

The coast i s  the area where the land meets the sea. The terms coastal areas and coastal 
zones are used to  designate land areas that are associated with the sea and may include c l i f f s ,  
dunes, beaches and even h i l l s .  The width o f  the coast or the distance to  which i t  extends inland 
varies with the local topography, climate, vegetation and to  a certain extent with the social 
customs. However, i t  i s  generally described as the land area that i s  affected by marine processes 
as tides and waves. The seaward l i m i t  o f  the coast i s  usually assumed to  coincide with the 
beginning o f  the beach or shore, but cannon usage often includes nearby off-shore islands. 

Coastal areas are the region i n  which the sea acts to a l ter  the shape and configuration of  
the land. Changes may be rapid or slow. I n  general, coasts that are composed of  soft, 
unconsolidated material such as sand, produced by relatively low energy process, may be subject to  
changes more rapidly than those made of  rocks. A coast that i s  relat ively young i n  terms o f  the 
age of the earth may be rapidly modified by the sea while a coast that i s  o ld may retain i t s  
land-derived characteristics. Absolute age i s  not real ly important, the demarcation i s  based on 
whether the characteristics are derived from the land or from the sea and i t  i s  possible to  f ind 
both types o f  features along the same coast. 

People also change beaches. Rivers are damned to  control floods and to  generate power. 
When a dam i s  bu i l t ,  a great water lake i s  formed behind the dam. Sand, gravel, and rock that had 
once moved down the r iver  to  jo in  the sediments a t  the coast are now deposited i n  the lake behind 
the dam and thus an important source o f  material c r i t i ca l  to  the continued balance o f  a beach has 
been removed. A1 though the downstream sediment supply i s  reduced, the longshore current continues 



to flow and carry suspended beach material away. The net result i s  a loss of sediment and sand to  
the beaches formerly supplied by the r iver  and a retreat o f  the beach due to  the scouring action 
of the coastal currents. 

Coastal engineering projects may result i n  changes to a beach. Breakwaters and je t t ies  are 
b u i l t  to protect harbours and coastal areas from the force of  the waves. The areas behind je t t ies  
and breakwaters are shelved allowing materials suspended by the wave action and carried by the 
longshore current to  set t le out. The outcome o f  th is removal o f  material by the longshore 
transport process provides less material to the beach further down the coast. As the longshore 
current continues to  flow, the next beach down the coast begins to  disappear. Small-scale 
examples o f  th is process are seen when groins, rock or  timber structures, are placed perpendicular 
to  the beach to  trap sand being carried i n  the longshore transport. Such competition i s  often 
seen between onshore property owners where municipal action has been laxed, only to f ind that i n  
doing so a chain o f  events has been triggered i n  the dynamic shore zone that results i n  the 
requirement for  costly engineering solutions i n  order to solve newly created p r o b l c .  

COASTAL DEVELOPMENT 

Historically, people have always looked a t  the sea and most o f  the human settlement are 
b u i l t  on the sea shores where food i s  abundant and opportunities for  trade and transport are 
inviting. However, modem cammit ies l i v ing  on the shore with their  industries, energy 
generating plants, transport fac i l i t ies ,  recreational act iv i t ies have created tremendous burdens 
on the coastal areas. Too much use, too many wastes discharged into small areas and a t  such a 
rapid rate have produced problems that can no longer be overlooked. These disadvantages can 
exceed the ab i l i t y  of  the natural systems to f lush themselves and disperse the contaminants in to  
the open sea (assimilative capacity). Changes i n  the environment may seriously degrade and 
deteriorate their  aesthetic and economic value and i n  some cases endanger public health. 

The choice o f  an appropriate s i te  fo r  a project depend on a wide array o f  factors. Certain 
sites may be preferable to  the developer i n  so fa r  as they minimise transport costs for  the 
material and finished products. Availabi l i ty of  power and water supply and other services 
essential to  the e f f ic ient  operation o f  the plant i s  also considered i n  the selection. 
Accessibility may be a major factor and proximity to populated areas may be c r i t i ca l  for  certain 
projects as the recreational fac i l i t ies .  Some sites may be preferable to  the wider connunity 
interest i n  terms o f  the extent to  which they may assimilate the environmental impact of  the 
projects, provide needed services or have significant positive social and economic benefits. 

The s i te  characteristics d i f f e r  signif icantly according to  the type o f  project. I n  
planning urban developments, the shoreline energy regime should be c r i t i ca l l y  reviewed. The t ide 
and waves, slope o f  the coast, longshore current and other dynamic factors may influence the 
erosional and depositional processes and hence the shoreline stabi l i ty .  Local weather and 
meteorological conditions such as wind direction, speed, ra in fa l l  and v i s i b i l i t y  may affect the 
integr i ty of  an urban connunity through storm damage, interference with transport, maintenance of  
a i r  quali ty and flooding by storm water rivers. Coastal water circulation influences the disposal 
o f  sewage and so affects the value of  the shore for  recreational purposes. 

Planning recreational projects require the examination o f  many variables. These include 
the ambient water quality. Cleanliness, colour and water purity may influence i t s  use for  
bathing, boating, water skiing, and hence w i l l  determine the recreational value of  the shore. 
Shore1 ine energy regime and the waves, slope, tide, water level and other dynamic processes w i l l  
influence the desirabi l i ty  of  a shoreline fo r  recreational purposes. Waves and currents cause 



potential danger to  bathers or the need for  a particular characteristic for  a  port (e.9. 
surfing). The energy regime would also influence the s tab i l i ty  of  the shoreline and a r t i f i c i a l l y  
created beaches. 

Flora and fauna w i l l  affect the desirabi l i ty  of  an area. Game f i sh  should be present fo r  
sport fishing, poisonous f i sh  should be scarce or absent for  bathing beaches, slimes and heavy 
seaweed growth are undesirable and may be a deterrent to bathing. Bottom characteristics o f  the 
coastal area, i t s  prof i le  and type of  material w i l l  affect boating and bathing. A steep p ro f i l e  
can be dangerous for bathing where the same characteristics may be desirable for  boating. W e l l  
populated or unique shore habitats provide tour ist ic and scient i f ic  attractions as w e l l  as 
recreational opportunities. Shoreline type i s  quite important, certain forms of  shoreline are 
more attractive for  recreation and tourism than others. Sand beaches are attractive fo r  bathing, 
surf fishing or strol l ing; mangrove swamps for  nature study and fishing. Precipitous c l i f f s  and 
rock-bound coasts as preferred fo r  scenic views. Local weather and climate as winds, temperature, 
hours of  sun shine, precipitation, v i s i b i l i t y  and dust storms, greatly influence recreational and 
tour ist ic use of  the premises. Upwelling, may cause nutrient r ich waters to  appear close to  shore 
thus encouraging fishing sport, but may also bring colder water adjacent to  beaches i n  certain 
seasons. 

Residence t ime of contaminating substances, w i l l  be influenced by wind, tides, and 
currents. The nature and movement o f  sediments and i t s  type i s  also important, a large proportion 
of  potential pollutants become bound to  soft sediments, and other physical characteristics of  the 
marine env i romnent . 

Site characteristics for  ports and harbours require adequate water depth. I f  dredging i s  
required, i t  i s  expensive and has associated environmental effects. Approach geometry i s  usually 
necessary to  approach ports and harbours through restricted waters and channels. Coastal water 
circulation influence ship handling and vessel safety and have a major effect on pollut ion 
dispersion. Tidal range influences accessibility to the port or harbour and also cargo handling. 
Excessively large variations create safety hazards and higher costs. Seabed characteristics as 
bottom prof i le  and bottom type affect operation, costs and safety. Bottom prof i le  relates to  
channel width, which i f  inadequate, requires dredging and may affect navigational safety. Bottom 
type affects the ab i l i t y  of  anchors to  hold, thus adding an element of  cost as well as safety. 
Local climate mainly wind speed, wind direction and v i s i b i l i t y  should be considered. Ship 
handling may be adversely affected by winds and. v i s ib i l i t y .  Shoreline energy regime and longshore 
currents may result i n  s i l ta t ion around port and harbour structures requiring dredging. Wave 
condition as height, period and direction, can adversely affect the movement of  vessels when 
approaching or when alongside a dock or pier. 

The susceptibil ity of the shore to  erosion w i l l  greatly affect i t s  su i tab i l i ty  f o r  the 
s i t ing o f  industry. The geological s tab i l i t y  and nature of  beaches, such as the existence of 
adjacent wetlands, barrier islands or coastal plain should a l l  be considered i n  deciding the 
location of  o i l  terminals, refineries, power plants and metallurgical plants and other industries 
that need eff ic ient  means of transport and large quantities o f  water for  processing and cooling. 

Coastal water circulation and conditions of  water exchange o f f  the industrial sites may 
.greatly influence the pract icabi l i ty  and cost o f  waste disposal. Ambient water quali ty i s  
important i f  seawater w i l l  be used i n  f i sh  processing. Fish processing wastes are objectionable. 
Wind characteristics should be such as to  disperse stack emissions and odours effectively. 

Si t ing o f  power plants may need thorough investigations of an extensive length o f  shore. 
Water depth i s  a factor to  consider i n  relation to design and placing o f  water intake and 
discharges structures and when sea access i s  required, e.g. fo r  supply o f  fuel. Currents u i l l  
influence the sediment transport regime and may lead to erosion or deposition around physical 



structures. These w i l l  be important fo r  the design and operation o f  the cooling water systems. 
Residence time may be c r i t i ca l  i f  coastal water exchange i s  restr icted due to  presence o f  bars, 
reefs, islands i n  which case the efficiency o f  seawater cooling may be greatly reduced. Ambient 
water quali ty for  cooling purposes i s  part icularly related to  i t s  content o f  suspended and 
dissolved solids. The presence of  marine l i f e  creates fouling or clogging i n  the seawater intakes 
and may interefere with the flow o f  cooling water. Antifouling measures w i l l  increase costs and 
the chemicals used may have impact on the marine environment. The quality o f  water w i l l  influence 
the v i t a l i t y  and growth rates of  marine organisms i n  hatcheries, impoundments, embayments and 
other areas used for  rearing f i sh  and shellfish. 

The presence of  industrial effluent discharge points obviously represent a potential threat 
to  quali ty of  the d is t i l l ed  water. The impact o f  the plant i t s e l f  on the ecology o f  the area, the 
terms of thermal pollution, chlorine released, increases i n  sediments as w e l l  as the effect of the 
above factors i n  combination with the mechanical shock as a result o f  entrainment of larvae and 
other planktonic forms should be assessed. 

Depth i s  a major factor to  be considered i n  s i t ing mining for  construction material (e.g. 
sand and gravel depth greatly affects operating time, technological requirements and cost. 
Transport costs may be c r i t i ca l  i n  assessing economic feasibi l i ty .  The amount of overburden and 
propation of  unwanted f ine material w i l l  affect mining costs. Released f i r e  material may cause 
undesirable turbidity and local habitat destruction. Shoreline wave height, wave period, wave 
direction, t ida l  range, 1 i t tora l  current, w i  11 influence mining efficiency , accessibil i ty  to  a 
resource and the dispersion o f  sediment plumes with possible environmental and aesthetic 
consequences. Coastal protect ion problems may arise from mining for  construction material 
offshore as they are l i ke ly  to  change the bottom geometry and hence the water circulation i n  the 
vicinity. Long term ecological changes must be carefully assessed when conducting cost-benef i t 
analysis o f  such projects. 

The native shoreline waves and longshore currents may be c r i t i ca l  i n  s i t ing mariculture 
projects. Faci l i t ies such as rafts, sea cages, or other impoundments are very susceptible to  
damage from waves and strong currents. Protected waters are usually more suitable for  mariculture 
than the open coastal landforms. 

Intensive agriculture (halophytes), the possibi l i ty  of  an area being irr igated by natural 
fluctuations of water level i s  an asset. Coastal climate may part icularly favour certain crops. 
With respect to halophytes, excessive ra in  o f  fresh water runoff may d i lu te  sal in i ty below 
acceptable levels thus requiring provision for  sa l t  water irrigation. The need to  protect growing 
areas and their  embankments from erosion by wave action or longshore currents i s  an important 
s i t ing factor. 

KUWAIT COASTLINE 

The shoreline of  Kuwait (excluding the islands) extends to  about 263km. This could be 
divided in to  two dist inct  areas, the relat ively more open shores and the more quiet beaches of  
Kuwait Bay. A survey of land uses was conducted by the Environment Protection Department i n  which 
the type of  land use and characteristics o f  the beach were documented a t  64 points. The distance 
between the low and high water line, the slope o f  the beach and the type o f  so i l  was recorded i n  
the areas that were not excavated, dredged or f i l l ed .  

The type of  beach and i t s  composition i s  shown i n  Figure 1. It could be seen that the 
shores were predominantly of  the mud type fo r  about 90 km representing (31.70 o f  the coastline. 
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Figure 1. The type of coastal area along the Kuuai t coast1 ine. 



These were mostly i n  the northern area o r  the Bay o f  Kuwait near Khor Al-Sabia. The distances 
between high and low water l ines were generally between 100-600 m i n  most o f  i t s  extent and was 
re la t ive ly  wider i n  the Doha area. Sandy beaches were found i n  33.3% o f  the coastline. The 
distance between the high water l i n e  and the Gulf Highway was most o f  the time i n  the range of 
10-75 m except fo r  some o f  the landf i l led  areas i n  which the f i l l  was r i s i ng  abruptly from the 
water 1 ine. Host o f  the sandy beaches were found on the open coastline extending from Ras Ajuza 
t o  the Saudi borders i n  the South with the better qual i ty  found i n  the southern region. 

Rocky beaches or  mixture o f  rock and sand were found i n  13.3% of  the beaches. Sandy mud 
beaches were not frequently seen, being l imi ted t o  3.3% o f  the coastline. However, landf i l led  
area were s l i gh t l y  over 18% o f  the coast. The f i l l  consisted o f  mixture o f  rubble from buildings 
demolition combined with variable proportions o f  concrete, blocks, gravel, lumber, brick t i l e ,  
steel bars, rubber tyres, asphalt and household appl iances. 

The types o f  coastal development i s  shown i n  the map, Figure 2. The non-developed area i s  
about 35% o f  the total.  This i s  found mainly t o  the north and west shores o f  the Bay o f  Kuwait i n  
the area extending from Sabia i n  the North t o  Kazma. This i s  mostly due t o  the nature of the 
coastal areas which i s  mud f l a t s  and Sabkhas. Being inaccessible, i t  i s  also not suitable for 
bathing, f ish ing or  water sports. 

The beaches designated for  publ i c  recreational and tour is t ic  purposes constitute about 11% 
o f  the to ta l  coastline. This i s  mainly i n  the Water Front Region opposite to  Kuwait City. The 
f i r s t  two stages o f  the Water-Front project covering over 30 km have already been completed i n  
1987. A number o f  publ i c  beaches are located on the shores o f  the Gulf extending from Ras Al-Ard 
t o  El-Khairan which are run by the Tourism Enterprise Company. 

The length o f  the coastline used up f o r  the ports, desalination plants, hospitals and other 
f a c i l i t i e s  owned by the state constitute 14% o f  the coast. The hospitals are mostly a t  the Sabhah 
complex i n  Shuwaikh. Ports are found i n  Doha, Shuwaikh, Mangaf, Ahmadi, Shuaiba, Rina Abdulla and 
A1 Zoor. I n  addition to  that, there are about 20 marinas used for  pleasure and f ishing boats. 
Desalination plants are found a t  Doha, Shuwaikh and Al-Zoor areas. Plans are f inal ized t o  bui ld 
another plant i n  the Subina area. 

Private beaches owned by cit izens o r  private organizations constitute 40% of  the beaches. 
These are mostly used for  building v i l l a s  and weekend chalets. V i l las  are constructed i n  the area 
extending from Hessila to  Fahaheel. South o f  Rina Abdulla t o  El-Khiran, the coastline i s  almost 
completely taken up for  sunnier resorts. A fence i s  usually b u i l t  around the resort and extends t o  
the water-line i n  a way to  obstruct access t o  the beach by the public. Most o f  the chalets owners 
have pleasure boats fo r  which slipuays and private marinas are frequently bu i l t .  

The study concludes that even as early as 1982, very l i t t l e  o f  the coastline was s t i l l  
available fo r  development. The importance o f  the coast l i n e  fo r  recreational ac t iv i t ies  cannot be 
over emphasized. Generally, very l i t t l e  opportunities are available fo r  outdoor recreation. A 
recent investigation carried out by the Environment Protection Council showed that the lack o f  
recreational opportunities was among the major environmental problems. This was mentioned by 
82.0% o f  the population. 

I n  Kuwait, bathing and boating fo r  recreational f ish ing are probably the most popular forms 
o f  recreation. A t  present, most o f  the good qual i ty  beaches that could be used fo r  swimming i s  
taken up by 4% o f  the population. Taking the U.S.A. standards o f  200-250 person/km; the tota l  
capacity o f  the Kuwait coastline would accommodate almost 1% o f  the population. This would 
require reclamation o f  the beaches to  the north o f  Kuwait which i s  not economically feasible owing 
t o  the i r  muddy nature. 
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Figure 2. Types of  developnent along the coastline of Kuwait. 



The importance o f  the extensive mud f l a t  i n  the shores o f  Kuwait Bay t o  the marine ecology 
i n  the northern Gulf region i s  well documented. A s t r i p  o f  the mud f l a t  t o  the north and north- 
west o f  the Bay o f  Kuwait (Figure 3) has been proposed as a natural marine park. The 
jus t i f i ca t ion  was based on the area being a s igni f icant  nursery fo r  juvenile f i s h  and shrimp, 
feeding area for migratory wading birds and a habitat f o r  several unique marine species including 
the mudskipper. 

A d ra f t  hiri Decree i s  being reviewed by the legal authorities. The decree w i l l  provide 
fo r  the designation o f  th is  area and fo r  some o f  the coral reefs as protected areas. Act iv i t ies 
that w u l d  or  can be controlled, include d r i l l i n g  or  mining operations and sett ing explosives, 
discharge o f  wastes o r  dumping o f  rubbish, trawling, col lect ion o f  f i s h  o r  other types o f  biota or  
other collection, discharge o f  firearms and operating vehicles on mud f lats.  Ins ta l la t ion  of 
permanent moorings o r  other permanent structures would require a permit from the competent 
authorities. 

ENVIRONMENTAL IMPACTS OF THE TYPES OF COASTAL DEVELOPMENT 

The impact on the marine environment by the various types o f  coastal development i s  
sumnarized i n  the Leopold-type matrix (Figure 4). The wastes and changes i n  physical conditions 
resul t ing from the coastal ac t i v i t i es  related t o  each type o f  development i s  marked by an asterisk 
( * I .  The asterisk i s  put i n  brackets i n  case the ef fect  i s  not o f  major magnitude. This and the 
subsequent figures (5-8) are adapted from a GESAMP Report (GESAMP, 1980) with s l igh t  modifications 
t o  render them more appl icable to  the ROPHE Region. 

Urban development w i  11 affect coastal areas through the discharge o f  sewage, urban runoff, 
garbage and inorganic sol i d  waste disposed in to  the coastal area. Garbage may appear i n  the form 
o f  f loat ing so l id  waste. Scum and o i l  and o i l y  sludges may reach the marine environment by d i rect  
disposal o r  through runoff o r  with sewage. Odours, atmospheric contaminants and noise may be 
signif icant. Beach s tab i l i t y  and shoreline processes may be interfered with by development. 
Sediment transport may be s igni f icant ly  affected i f  dredging o r  l and f i l l i ng  are involved. 
Pesticides used fo r  human or  gardening ac t i v i t i es  may reach the marine environment through aerial 
transport or  with the runoff. 

Tourism and recreation may result  i n  similar impacts except fo r  odours and atmospheric 
contaminants which are l i k e l y  t o  be encountered. Marinas and harbours w i l l  mainly influence the 
water circulation, shoreline prof i le ,  wave conditions, beach s tab i l i t y ,  sea bottom conditions and 
sediment transport. Sewage, garbage, inorganic and f loat ing so l id  wastes and o i l  and o i l y  wastes 
are l i k e l y  t o  resul t  from the operation o f  the fac i l i t i es .  Dredge spoils may be a significant 
problem i n  the construction phase and whenever dredging processes fo r  shipping lanes are practised. 

O i l  ref ineries and loading terminals w i l l  result  i n  multitude o f  impacts. These include 
the impacts result ing from human domestic ac t i v i t i es  such as sewage, garbage, and the l ike. 
Specific impacts resul t  from industr ial  waste and cooling water, o i l  sludge and scum and o i l  and 
o i l y  wastes. Impact on the shoreline w i l l  depend on the extent o f  the coastal processes. Sea 
bottom conditions and sediment transport processes are not l i k e l y  t o  be affected signif icantly. 
Wastes result ing from other industr ial  ac t i v i t i es  as paper and paper mi l ls ,  metallurgic plants and 
f i s h  processing lead to  similar impacts except that cooling water and o i l  and o i l y  wastes were not 
expected and the impact on the shoreline are not l i k e l y  t o  be significant. 

Mining fo r  sand and gravel i s  l i k e l y  t o  generate waste water, dredge spoils and dust. The 
impacts on the bottom and beach conditions and sediment may be significant. The effects o f  power 
stations on the marine environment have already been sumnarized. 
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The effects o f  the waste discharged i n t o  the coastal area either d i rec t ly  or through aer ia l  
transport are l i k e l y  t o  impact the marine environment. The major impacts are sumnarised i n  the 
matrix i n  Figure 5.  The type and magnitude o f  the impact w i l l  depend on the type and rate of 
discharge, duration and the dynamics o f  the water body impacted. Sewage i s  1 ike ly  t o  change the 
sal in i ty ,  cause turbidity, change colour, reduce the dissolved oxygen (DO) content, and increase 
the biological oxygen demand (BOO). Both pH and temperature are probably s l i gh t l y  affected. 
However, nutrients, metals, other dissolved and suspended substances w i  11 be discharged i n to  the 
coastal area. Biological pol lu t ion by microorganisms may cause public health problems. The 
dist r ibut ion and divers i ty  o f  fauna and f l o ra  w i l l  be affected according to  the i r  proximity t o  the 
point o f  discharge. The aesthetic value o f  the water w i l l  deteriorate markedly. Urban run o f f  
m i l  cause similar impacts. However, the temperature, DO, BOO, nutrients and primary productivi ty 
are not affected t o  a great extent. Garbage w i l l  increase the organic load, cause tu rb id i ty  and 
degrade the aesthetic value o f  the water. 

Industr ial  wastes w i  11 af fect  almost a1 1 the variables except pol lut ion by micro-organisms 
and the erosion o f  the coastline. Cooling water on the other hand, w i l l  mainly a f fec t  sa l i n i t y  
and temperature. Minor impacts may resul t  from dissolved solids, metals and ant i foul ing agents. 
Chemicals as C12 and halogenated compounds may af fect  the ecology o f  the water body. Organic 
so l id  waste w i l l  a f fect  the turb id i ty ,  increase the level o f  nutrient, increase BOO and the level 
o f  dissolved solids. Impacts on f lora, fauna and primary productivi ty may also be significant. 
Micro-organisms may pol lute the water, and the aesthetic value may deteriorate s igni f icant ly .  

Inorganic so l id  waste causes turb id i ty ,  leaching o f  metals, affects the f lo ra  and 
causes deterioration o f  the aesthetic value. Sludges and dredge spoils w i l l  a f fect  
aspects with the exception o f  sa l in i ty ,  temperature, pH and micro-organisms. Floating so 
w i l l  cause visual impacts and aesthetic problems and may constitute a safety hazard. 

fauna and 
a11 the 

1 i d  waste 

Detailed assessment o f  certain ac t i v i t i es  may be required. The physical changes induced by 
dredging (Figure 6) including water circulat ion, shoreline prof i le ,  wave conditions, beach 
s tab i l i t y ,  sea bed conditions and sediment transport w i  11 mostly cause erosion, depositions and 
accreation, tu rb id i ty  o f  the water, deteriorat ion o f  the aesthetic values and impact on the f l o ra  
and fauna. These adverse effects were almost comnon t o  a11 the physical changes. O f  less 
signif icant impacts were temperature changes, dissolved sol ids, nutrients and pol lut ion by metals. 

The th i rd  level o f  reactions i s  suronarized i n  Figure 7. The impacts shown i n  the previous 
matrix are l i k e l y  t o  influence the u t i l i s a t i o n  o f  the coast and may cause some types o f  ac t i v i t i es  
t o  be abandoned. Tourism and recreation i s  l i k e l y  t o  be affected by the water qual i ty  and the 
physical changes i n  the coastal area. Ports w i l l  be affected by sa l i n i t y  and temperature, the 
type o f  f lo ra  and fauna and erosions or  deposition i n  the si te. Comnercial f ish ing i s  rather 
sensitive and i s  affected by most o f  the water qual i ty  parameters together with the physical 
impacts on the shoreline. Rariculture i s  sensitive and i s  influenced by the same factors 
mentioned fo r  comnercial f ishing. 

Si t ing a desalination plant w i l l  be influenced by sal in i ty ,  turb id i ty ,  and temperature o f  
water. The level of BOD, nutrients, other water  qua l i t y  variables, presence o f  microorganisms and 
the physical changes i n  the coastal l i n e  and the i r  effects should also be considered. 
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NOTES : 

1. I n  estuarine and semi-enclosed c o n c l i ~ i u ~ ~ s  

2 .  I f  f r e s h w a t e r  i s  used  f o r  c o o l i n g  

3 .  S u b s t a n c e s  i n t r o d u c e d  t o  combat f o u l i n g ,  c o r r o s i o n ,  e t . c  

4. C l o s e  i n s h o r e  

( T h i s  m a t r i x  r e l a t e s  t h e  w a s t e  and p h y s i c a l  changes  r e s u l t i n g  from t h e  s e l e c t e d  

c o a s t a l  a c t i v i t i e s  o f  m a t r i x  1 t o  t h e  r e s u l t i n g  c h a n g e s  i n  mar ine  

env i ronni f in ta l  e f f e c t s  a f f e c t i n g  o t h e r  u s e s  o f  t h e  c o a s t a l  a r e a .  
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Figure 7. The potential impact of marine envirorunental affects on selected 
uses of  a coastal area. 



A summary o f  the three stages i s  given i n  Figure 8. The coastal act iv i t ies,  namely urban 
development, tourism and recreation, ports and harbours, and o i  1 terminals, mining fo r  
construction material and power plants are shown on the l e f t  hand side. These ac t i v i t i es  w i l l  
cause sewage discharge, industr ial  and cooling water discharge, dumping of inorganic waste and 
dredge spoils, pol lut ion by o i l  and o i l  works and change the other condi t ions i  

These wastes and physical changes w i l l  cause turb id i ty  o f  the water, change the ambient 
temperature, cause pol lut ion by metals, af fect  the f l o ra  and fauna, cause erosion o f  the beach and 
deteriorate the aesthetic quality. These again w i l l  a f fect  the su i tab i l i t y  o f  the s i t e  f o r  
recreation, bui lding harbours, s i t i ng  a power plant, commercial f ish ing and mariculture and 
desalination o f  the water. 

A more specif ic example i s  shown i n  Figure 9. A power plant was selected. This i s  l i k e l y  
t o  cause changes i n  the water c i rculat ion and generation of  inorganic sol i d  waste. These i n  turn 
may cause turbidity, temperature changes, pol lut ion by chemicals, which w i l l  a f fect  the 
recreational poss ib i l i t ies  o f  the coastal area, operation o f  ports, commercial fisheries, 
hort iculture and operations of power and desalination plants i n  addition t o  possible formation o f  
sabkhas i n  the shallow areas and t o  the long term ecological changes which again may af fect  other 
uses o f  coastal areas. 

CONCLUSION 

Mit igat ion o f  the environment impacts o f  any development, industr ial  o r  otherwise should 
consider the specific characteristics o f  the site, the assimilative capacity or  the physical 
changes introduced by the project. 
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A REVIEW OF DREDGING AND LAND RECLAMATION ACTIVITIES I N  BAHRAIN 
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ABSTRACT 

During the las t  50 years, a number o f  s i tes along the coast o f  Bahrain extending from the 
northern coast o f  Bahrain down t o  the coasts o f  S i t ra  Island have been either dredged or 
reclaimed. Dredging and reclamation ac t i v i t i es  tend to  aggravate the environmental problems i n  
the above areas. These intensive ac t iv i t ies  have drast ical ly  affected the area causing s i l t a t i o n  
and turb id i ty  o f  the sea water. I n  addition, i t  has caused irreparable damage t o  the inshore 
biosystem, with many corals being k i l led .  I n  th is  paper, various dredging and reclamation 
ac t i v i t i es  and the i r  effects i n  Bahrain are discussed. Several recomnendations are also suggested. 

INTRODUCTION 

The State o f  Bahrain i s  an archipelago composed o f  thirty-three islands located i n  the ROPHE 
Sea Area, with the Kingdom o f  Saudi Arabia t o  the west and Qatar t o  the east. The main island, 
Bahrain measures approximately 44 x 17 krn (85% o f  the to ta l  state land area). Bahrain i s  the 
centre o f  most act iv i t ies,  i t  has the capital c i t y  (Manama), the primary port (Mind Salman), the 
o i l  f ields, and the o i l  refinery. Ruharraq, the second largest island i n  the northern group, i s  
connected t o  Manama by a 2.4 km-long causeway. I n  addition, the international a i rport  and the 
drydock are located on th is  island. To the east o f  Bahrain i s  Sitra, the th i rd  largest island and 
also connected t o  the mainland by causeway. Si tra, an industr ial  centre, has a large ref inery and 
an o i l  reservoir, a port f o r  the export o f  o i l  and an e lec t r i c i t y  generating station. The island 
o f  Un-al-Hassam i s  another large island among the northern group. It i s  now almost uninhabited 
but th is  i s  destined t o  change due t o  the Bahrain-Saudi causeway. More detailed general 
information on the State o f  Bahrain i s  mentioned elsewhere (Madany e t  dl., 1986). 

The population o f  Bahrain, according t o  a census taken i n  1981 (Bahrain Ministry o f  
Information, 1985), was given as a 359,857 (Bahrain Ministry o f  Information, 1985). and an 
estimated population i n  1985 i s  399,528 (Raveendran and Zayani, 1986). A recent study on the 
future population suggests that by the year 2001, betwwen 561,000 and 680,000 people w i l l  be 
l i v i n g  i n  Bahrain, Ruharraq and Sitra. It appears that there i s  a close correlat ion between the 
populated areas and industr ial  act iv i t ies.  

The discovery o f  petroleum i n  1932 marked a turning-point i n  the economy o f  the state, and 
attracted people from the i r  t radi t ional  industries. Unfortunately, o i l  production then f e l l  
s igni f icant ly  by 1981. This si tuation forced the country t o  adopt a pol icy o f  economic 
diversif icat ion i n  order t o  increase and vary the sources o f  income. The main emphasis was on 
inudstry, and la ter  on commerce, fisheries and agriculture. The need t o  industr ia l ize urged the 
government t o  create industr ial  zones away from the centres o f  population, and th i s  has created 
d i f f i c u l t i e s  due to the l imi ted area o f  Bahrain. The rapid development and the shortage o f  land 
became a problem i n  Bahrain. This problem was addressed by dredging and reclamation operations. 



Reclamation o f  land from the sea i s  re la t ive ly  inexpensive i n  Bahrain because the sea i s  
very shallow fo r  a considerable distance from the shoreline. Approximately two meters of f i l l , 
readi ly available by dredging offhsore, i s  suf f ic ient  t o  raise the level above the high-water mark 
and permi t development. 

The f i r s t  reclamation and dredging ac t i v i t i es  i n  Bahrain took place i n  1930. During the 
las t  50 years a number o f  si tes along the coast o f  Bahrain extending from the northern coast of 
Bahrain down to  the coast o f  S i t ra  island have been ei ther  dredged o r  reclaimed. These ac t iv i t ies  
increased rapidly i n  the 1970s serving both industr ia l  and residential purposes. It has been 
estimated that by 1982 more than 100 Ha o f  land was reclaimed and about 1,400 Ha dredged (Linden, 
1982; Zainal, 1985). Recently, several new reclamation operations were carried out involving 
large areas such as the s i t e  for  Gulf Petrochemical Industr ial  Corporation (GPIC) plant (60 Ha), 
an ore-pelletizing plant (64 Ha), and about 10 km o f  embankments constructed for Saudi 
Arabia-Bahrain causeway. Two more recent reclamation projects were completed, one a t  Sanabis on 
the north coast, and the other a t  Budaiya, on the north-west. The tota l  reclaimed area from the 
two projects amounts t o  approximately 200 Ha. A change i n  the area o f  Bahrain i n  the las t  few 
years are reported i n  Table 1. 

Table 1. Change i n  the area o f  Bahrain due to  dredging and 
reclamation ac t i v i t i es  

YEAR AREA, Ha 

METHODS AND MATERIALS FOR DREDGING AND RECLAMATION IN BAHRAIN 

The network executed by various contractors fo r  dredging and reclamation a t  various sites of 
Bahrain are summarized below: 

North Si t ra industr ial  area 

The Si t ra power stat ion was reclaimed by dredging i n  the immediate v i c in i t y  to  form a deeper 
underwater intake channel. I t  was carried out between January 1973 and March 1973. The power 
stat ion reclamation was approximately 180 metres wide by 300 metres long i n  an average water depth 
o f  1 metre. The dredging was i n  a channel approximately 40 metres wide and 500 metres long i n  an 
average pre-dredging water depth o f  3 metres. The material dredged was caprock, sand, clay and 
s<t limestone which are typical o f  Bahrain coastal geology. The better qual i t ies o f  these 
materials were pumped ashore t o  form the power stat ion site. A summary i s  reported i n  Table 2. 
The to ta l  reclaimed area i s  242 Ha. 
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Hind Salman Port 

The development o f  Hina Salman Port occurred through dredging associated with the deepening 
and re-alignment o f  the navigation channel from the entrance to Khor A1 Qulaia t o  Mina Salman by 
the Ministry o f  Works, Power and Mater. Special quality and f i l l i n g  immediately behind the quay 
retaining walls was dredged from an area o f  sea bed seat o f  the Si t ra je t t ies  o f  Hina Sitra. The 
reclaimed area and dredged materials are reported i n  Table 2. 

South Al-Hidd and Asry Area 

The total  reclaimed area o f  South Al-Midd and Asry i s  592 Ha and has been used for  various 
industries such as Arab Iron and Steel Company, Asry (Radany & a., 1986). The material required 
fo r  s i t e  reclamation was taken from an area south o f  reclamation site, dredged to  13.7 m. The 
quantity o f  dredged material was about 6,100,000 m3. The reclamation was done by f i r s t  forming 
retaining bunds with tipped l and f i l l  to  enclose the area, then hydraulic i n f i l l i n g  with dredged 
material (caprock and limestone) to  complete the area. Pipes were placed i n  the retaining bunds 
fo r  the ex i t  of  water from the hydraulic f i l l i n g  which would carry a certain amount of f ine 
materials and s i l t .  

Gulf Petrochemical Industries Company (GPIC) 

The petrochemical s i te  reclamation was approximately 60 Ha and connected to  Sitra by a 1250 
m long access causeway. The material required for  s i te  reclamation was taken from an area 
situated between Bahrain Refinery (BAPCO) and Aluminium factory (ALBA) jett ies. Two channels were 
dredged, one fo r  cooling water; the depth of  the water i n  i t  i s  about 7 m, and i t s  length i s  about 
3.5 km. The other channel i s  an alternative one to  the existing fisherman's channel which i s  
f i l l e d  i n  some parts with the reclamation material. The quantity of  material used i s  
approximately 110,000 m3. 

Bahrain - Saudi Arabia Causeway 

The 25 km causeway represents a major engineering achievement i n  terms of  cost, amount of 
materials involved and technology. Bu i l t  a t  a total  cost o f  US) 564 mil l ion, i t  i s  the biggest 
structure of  i t s  kind i n  the world, and one of  the biggest projects undertaken i n  the Riddle East 
th is decade. A total  o f  345,000 cubic metres o f  concrete, 160,000 tonnes of cement, a mass of 
reinforcing steel, 47,000 tonnes, w e l l  over seven mi l l ion cubic metres of  sand-fill and more than 
three mi 11 ion cubic metres of  protective stones has gone into the project (Gulf Mirror, 1986; Gulf 
Daily News, 1986). The causeway comprises 5 bridges and 7 embankments. The bridges vary i n  
length from betwen 950 and 5,150 metres, with sol id embankments having been made between the 
spans i n  the shallower reaches of  the ROPE Sea Area. A l l  the bridge components were designed for  
prefabrication, the main components being hollow concrete pi les measuring 3.5 m i n  diameter, a 
wall thickness o f  0.35 metres i n  lengths o f  up to  40 metres. A concrete head was placed on the 
p i l e  and the box girders complete bridge sections - were designed to rest on rubber bearing 
blocks. Cantilever girders span the distance between the piles. The underside of  the bridges 
range from 5 metres above sea level to  15 metres at  certain navigation spans through which 
shipping can pass. However, the main shipping route w i l l  see vessels clear 28.5 metres of 
headroom. The span i t s e l f  i s  150 metres with an 80 metres side span. 

A project of  th is size has a profound effect on the environment and marine l i f e .  The 
shallow and almost landlocked ROPNE Sea Area i s  especially vulnerable. This w i l l  be discussed i n  
the next section. 



Dredging and reclamation ac t iv i t ies  i n  Bahrain could be sumnarized as follows: 

The to ta l  area reclaimed was approximately 900 Ha. 

The to ta l  area dredged was approximately 1,350 Ha. 

The overal l  quantity o f  dredged material i s  more than 60,000,000 m3 

Most o f  the material dredged were sand, rock, caprock, clay and sof t  1 imestone 

Most dredging works were carried by cutter suction dredgers and some with t a i l o r  suction 
dredgers 

The positioning fo r  the dredging was carried out by Sextant, Toran, Theodolite, Distomot o r  
electromagnetic equipments 

Future planning for reclamation, an area o f  70 Ha south o f  Al-Hidd i s  approved by the 
governmental authorities. This i s  i n  addition t o  what has been discussed above. 
Furthermore, three areas, south o f  Arad, (60 Ha), northwest o f  Ruharraq and north Budaiya 
are under consideration fo r  dredging and reclamation as shown i n  Figure 1. 

THE IMPACT OF DREDGING AND RECLAMATION 

Land reclamation and dredging i n  Bahrain have caused irreparable damage t o  the inshore 
bio-system with many corals being k i l led.  Some o f  the largest corals are over a hundred years o ld  
and w i l l  probably never manage t o  re-establish on a s i l t ed  site, as i t  has been reported by 
several workers. Sedimentation can also be caused by bad planning. Building so l id  j e t t i es  i n  
certain configuration a l ters the natural flow o f  the water and therefore causes sedimentation i n  
small areas. 

The potential  environmental impact o f  coastal act iv i t ies,  such as dredging and land 
reclamation operations presently carried out i n  a concentrated area seriously threaten the f ishery 
o f  coastal and offshore waters, and could harm the productivity and qual i ty o f  the marine 
ecosystem as a whole. The shallow nearshore areas that are presently destroyed by dredging and 
reclamation are the most diverse and productive ones i n  the sea; the seagrass beds and the coral 
reefs. I t  i s  not only the areas d i rec t ly  dredged o r  reclaimed that are affected, but the much 
larger areas where s i l t a t i o n  takes place or  which are affected by changes i n  currents, etc. It 
seems l i k e l y  that the death o f  extensive coral reef areas outside the northern coast, have been 
caused a t  least partly, by increased turb id i ty  o f  the water due t o  dredging and reclamation f a r  
away from these reefs. The extensive beds o f  seagrass along the coast have a central ro le  as a 
nursery fo r  shrimp and a number o f  f i s h  species. Destruction o f  these sea grass beds i s  bound t o  
af fect  the fishery f o r  these organisms. 

The shallow bottoms around Bahrain consist mainly o f  seagrass beds, mixed rocks, and sand 
bottoms. This i s  specially the case between Ruharraq and Manama and around the coast o f  Sitra. 
These areas have been subject to  extensive development ac t iv i t ies  (Anonymous, 1976). Large areas 
o f  these shallow bottoms have been d i rec t ly  affected by dredging and land reclamation which are 
expected t o  continue. 

The importance o f  sea-grass beds for  the marine environment are: 

1. They form a major food source fo r  many important fishes, shel l f ish species, dugongs, etc. 





2. They provide shelter t o  the vulnerable young f i s h  o f  many species, such as conmercial shrimp 
species. 

3. They form attachment s i tes fo r  many organisms, such as the pearl oyster. 

4. They help i n  consolidating bottom topography, absorbing the energy o f  waves o f  t i d a l  
currents, and removing sediments from the water. 

Mixed rock and sand bottoms provide an extremely wide variat ion o f  environment. They form 
habitats fo r  a large number o f  d i f ferent  organisms including shel l f ish such as crabs, and a 
variety o f  fishes such as Moharras, Breams and Goat fish. 

Some o f  the major effects o f  dredging and land reclamation are: 

Damage to  the spawning grounds o f  the various marine species which lay the i r  eggs on the 
bottom. 

Damage to  the seagrass beds. 

Damage t o  the substrate on which f i s h  l ive. 

Removal or  a l terat ion o f  the benthos which form the main source o f  food f o r  many commercial 
f i s h  species. 

Increased turb id i ty  local ly, i r r i t a t i n g  or  clogging f i s h  g i l l s ,  in ter fer ing with visual 
feeding and inh ib i t ing  photosynthesis. 

Increase i n  s i l ta t ion ,  a1 terat ion o f  the character o f  the sediments on spawning grounds and 
interference with egg development. 

The discharge o f  the f i ne  material during dredging operations may resul t  i n  the release of 
toxic compounds previously buried i n  the sediments. 

Damage t o  barr ier  traps, long lines, pots and other types o f  f ish ing nets. 

CONCLUS IONS 

The Environmental Protection Cannittee (EPC) o f  Bahrain, has put rules and regulations t o  
control dredging and land reclamation projects before implementation (see appendix 1). However, 
some projects were carried out without the permission o f  EPC, due t o  the lack o f  legislat ions t o  
support the regulations. 

Thus, uncontrolled dredging and land reclamation operations represent a real threat t o  the 
marine resources o f  Bahrain. Present and future plans fo r  these ac t i v i t i es  are bound t o  cause 
negative effects. Apart from the damage t o  the ecosystem i n  the dredged or  reclaimed areas, such 
operations, which are poorly planned and uncontrolled, can also cause extensive damage over large 
areas not d i rec t ly  subjected t o  the operations i n  question. I n  addition, dredging and reclamation 
most l i k e l y  af fect  the general current pattern over large areas. Reclamation o f  shallow 
productive bottoms may af fect  the coastal productivity as a whole i f  such areas are, f o r  example, 
key areas fo r  the juveniles o f  comnercially important marine species (Price and Vonsden, 1983; 
Anonymous, 1976). I n  addition, a considerable area o f  dredged o r  reclaimed areas w i  11 be subject 



to  heavy fal lout  of  f ine particulate matters which may present hazards to the planktonic and coral 
reef coirnunities i n  particular. The coral organisms are extremely sensitive to  increased 
turbidi ty o f  the water as they depend on and are adopted to  the avilable l i gh t  penetrating the 
water for  their  survival (Johannes, 1975: Ray and Smith, 1971; Hubbard, 1973; Oahl , 1973). I t  can 
also be concluded that local effects may arise from alterations i n  behaviour induced by turbidi ty 
clouds or disturbance o f  the bottom. These would be changed i n  the patterns rather than losses of 
stock but might, nevertheless, reduce fishing success by preventing the concentration of f ish or 
by presenting local fishermen with an unfamiliar distr ibution o f  their  largest species. Local 
effect on shellfish, part icularly sedentary species, can be profound, rendering the habitat 
unsuitable or smothering the f i sh  with f ine material. 

I n  conclusion, uncontrolled and poorly planned dredging operations, as well as land 
reclamation, may seriously affect the general condition of  the water ecosystem, leading to  
deterioration of  the environment as a whole. 

RECOMMENDAT IONS 

Rules and regulations put by EPC are not suff icient to control reclamation activit ies. I t  
must be supported by legislations from the State of  Bahrain. 

I t  i s  recommended that several investigations should be carried out i n  the shallow waters 
around Bahrain i n  order to  identify areas o f  high sensit ivi ty and productivity. The studies 
may include the following: 

(a) Detailed inventory of  the character of  the benthic ecosystem around Bahrain. Major 
fauna abd f lora  elements should be studied along transects from shallow to  deep 
bottoms. Samples of  epi- and in-fauna should be analyzed with regard to  abundance and 
diversity. Particular attention should be paid to  the presence of  grass beds and coral 
reefs. Areas of  importance for  the local fishery should be identified. 

(b) Investigations of  the location of  the major spawning and nursery grounds for shrimp and 
f i sh  i n  nearshore areas. Particular studies should be carried out to  locate the areas 
of  importance for the juveniles o f  the commercial shrimp species. Species composition 
of  the catches should be observed as well as the size distribution. 

(c) Pruductivi t y  studies o f  the major habitats. Standing crop and standing stock of  f lo ra  
and fauna should be analyzed during different seasons of  the year. Growth measurements 
of  the leaves of  the plants should be conducted. 

(dl  Investigations of the migration pattern among the commercially important shrimp 
species. Through tagging experiments the major migration routes fo r  the different 
species should be studied. 

Environmental education relevant to  the management of  the marine environment should be 
continued, and public environmental awareness should also be promoted. 
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APPENDIX I 

STANDARD MONITORING ACTION BY ENVIRONMENTAL PROTECTION TECHNICAL SECRETARIAT (EPTS) 
PRIOR TO AND DURING RECLAMATION TO ENSURE COMPLIANCE OF CONSTRUCTION PROGRAMME 

TO ENVIRONMENTAL REQUIREMENTS 

I n i t i a l  assessment o f  areas o f  d i rect  impact (i.e. dredging and reclamation zone) with 
respect t o  c r i t i c a l  marine habitats, industries, any immediate water qual i ty  requirements fo r  
sewage out fa l l s  etc. where possible th is  would be based on exist ing information within EPTS f i l e s  
and database system. Where information i s  not suff icient, some detailed f i e l d  work may be 
required p r io r  t o  commencement o f  contract. 

Pr ior  to  commencement and during the reclamation phase EPTS w i l l  undertake whatever 
monitoring i t  feels may be necessary. This w i l l  depend on the potential impacts t o  the marine 
habitat and t o  local industries and may involve oceanographic and/or ecological studies. 
Reclamation consultants would be expected t o  reasonably assist wherever possible i n  aiding the 
EPTS personnel with such studies. These monitoring studies may well continue beyond the 
construction phase in to  a suitable 'sett ing' period. 

Whenever necessary, EPTS may ask fo r  a meeting with reclamation consultants and interested 
part ies t o  clear up any problems ar is ing and t o  discuss the status o f  the project. 

A b r i e f  f i na l  report on the acceptabil ity o f  the finished project w i l l  be produced fo r  the 
Environmental Protection Committee (EPC) by the EPTS. This w i l l  run to  more detai l  and 
discussions where an environmental problem has been ident i f ied  p r io r  to  or  during the course o f  
the project. 

Details required o f  proposed reclamation projects p r i o r  t o  approval by EPC: 

Fu l l  detai ls o f  area o f  reclamation (location, extent) and area proposed fo r  sand-winning 
including ra? o f  material involved. 

Boreholes required a t  sand-uinning s i tes t o  assess percentage o f  s i l t  i n  reclamation 
material (by granulometric analysis). Si 1 t samples should also undergo chemical analysis. 

Fu l l  detai ls o f  methodology to  be employed during construction, e.g. type o f  dredger, 
transportation of materials (method), precautions against excessive s i  1 t return to  water 
col umn (bundi ng, wash-boxes , annouri ng o r  degree o f  slope around perimeter), drai nap, area 
o f  s i l t  ponds remaining. 

Purpose o f  reclamation (i.e. requirements fo r  housing, plant construction, roads, etc.). 

Pr ior  t o  approval the EPTS w i l l  contact any interested parties which i t  may feel should be 
involved (e.9. Fisheries, Water Resources Bureau, Local Industries, etc.) t o  get thei r  
comments o r  concerns with regard t o  the project. 

Host o f  the above w i l l  be cover4 i n  the EPTS standard dredging permit which a l l  
companies/consul tants are required t o  complete p r io r  t o  EPC approval. 



PERMIT APPLICATION FOR DREDGING/LAND RECLAMATION 

1. Name o f  company performing actual work 

Contact (None and T i t l e )  

Tel ephone No. 

Mailing Address - P.O. Box 

Street Address - Area Road # Block # 

Bldg. # F la t  # 

2. I s  t h i s  work being performed under contract? Yes/No 

I f  yes, Name o f  Contract Administrator ) 
1 

(Ministry, Company, Association etc. 

Contact (Name and T i t le ) :  

Telephone No. 

Mailing Address - P.O. Ekx 

Street Address - Area Road # Block # 

Bldg. # F la t  # 

3. Location o f  Project - Attach map (1:10,000) showing project boundaries, la t i tude and 
longitude, s tar t ing contours, f i s h  traps, f i n a l  contours, and location o f  drainage channels, 
sewers, bridges, roads, o r  any other s igni f icant  structures. 

4. Purpose o f  project 

5. Project Start Date Completion Date 

6. Quantity o f  material t o  be dredged m3 

7. Method of 
dredging 



8. Chemical analysis o f  dredged material. Complete Table 1 o r  attach data sheet and laboratory 
report. 

9. Water current pattern and velocit ies at/around the dredgingheclamation area. Attach hour 
data fo r  two consecutive t i da l  cycles. 

10. Quantity o f  material t o  be landf i l led  "? 

11. Type o f  material to  be f i l l ed :  

1. Dredgedrnaterial 
2. D e s e r t f i l l  
3. Building rubble (describe) 

4. Other (describe) 

12. Methods employed to avoid s i l ta t ion ,  o r  other adverse effects i n  the pro jec t  area. 

13. Suspended sol ids content o f  discharge water m9/L 

14. Total sediment load discharged t o  the acquatic environment ffl3 

15. Number and location o f  fishtraps (Hadra) i n  the project area that are l i k e l y  t o  be either 
d i rec t ly  o r  indi rect ly  affected. 

Signature: . . . . . . . . . . . . . . . . . . . ... Ti t le:  . . . . . . . . . . . . . . . . . . . . . . . . . . Date: . . . . . . . . . . . . . . . . . . . . . . . . . 
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DESCRIPTION OF MATERIAL TO BE DREDGED 

2.36 - 4 .75  mm 
t 

P h e n o l s  ( p p m )  
I 

T e s t  b o r e  It. 

, L a t i t u d e  
Locat ion,  

Long1 t ude 

D.-ito 

P a r t i c l e  s i z e  d i s t r i b u t i o n  ( 7. 1 

< . 0 7 5  mm 

.075 - -150 mm 

-150 - - 3 0 0  mm 

-300 - .600 rani 

.600 - 1.18 mm 

Name of l a b o r a t o r y  per fo rming  
t h e  a b o v e  a n a l y s e s  1 - 

C o n t a c t  Name a n d  T i t l e  

A d d r e s s  
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TOC ( P P ~ )  

pet roleum h y d r o c a r b o n s  ( P P ~ )  

PH 

Arsenic  ( ppm)  
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Chromium ( p p m )  

C o p p e r  ( P P ~ )  

T e l e p h o n e  No. 

J 

, 

Mercury ( ppm)  

Nickel ( p p m )  

Lead ( p p m )  

Zinc ( p p m )  

C y a n i d e  ( P P ~ )  

C h l o r i n a t e d  H y d r o c a r b o n s  ( p p m )  
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ABSTRACT 

Coastal regions provide one o f  the best environments fo r  examining the relat ionship between 
development and environmental management. Any form o f  development w i l l  have some form of 
environmental impact, but environmental destruction re lat ing t o  development could be avoided 
through adequate control based on a f u l l  understanding o f  the ecosystem and i t s  capacity. The 
present paper provides actual examples o f  development projects which had or  expected t o  have 
impacts on the marine and coastal ecosystems nearby or  f a r  away from the s i t e  o f  the project, with 
a view t o  indicat ing the complexities o f  planning fo r  coastal regions. It i s  concluded that 
env i ronmental management cannot be successful w i  thout thorough understanding o f  the envi ronmental 
process, which can only be achieved by combining the many discipl ines involved t o  acquire a 
comprehensive view o f  the impact o f  development, and to  present t h i s  i n  a balanced and clear 
manner t o  the decision makers 

INTRODUCTION 

The purpose o f  town and regional planning may be considered as providing guidelines f o r  
development t o  meet the anticipated future requirements o f  the population (Dix, 1982). These 
needs may be considered i n  terms o f  the methods o f  accommodating future growth and development 
while a t  the same time preserving valuable resources and maintaining good environmental qua1 i ty. 
I n  the majori ty o f  cases th i s  process inevitably involves some element o f  compromise, further 
elements o f  development control and environmental management. For a variety o f  reasons which w i l l  
be discussed i n  t h i s  paper the coastal region provides one o f  the best environments fo r  examining 
the relat ionship between development and environmental management. It i s  not the purpose of t h i s  
introductory paper t o  delve i n to  the structure and deta i ls  o f  what makes up coastal development 
plans but rather t o  examine those factors which make the coastal region such an important and 
f rag i le  area which imposes the requirements fo r  adequate environmental control on the planning 
process. It also attempts to  indicate the need f o r  a mul t id isc ip l inary approach to understand the 
complexities o f  the system, and describes some examples o f  combining the needs f o r  development 
with environmental management. 

DEVELOPMENT AND ENVIRONMENTAL QUALITY 

For the past two decades or  more there has been increasing concern over matters o f  ecology 
and conservation, and associated with t h i s  increasing pub1 i c  alarm a t  the damage caused by 
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environmental po l lu t ion  and loss o f  natural resources i n  the form o f  continued damage and 
depletion of ecosystems. To many, the view i s  that the pressures o f  economic growth and 
development and the burgeoning increase i n  population can only lead t o  disastrous results and 
further environmental degradation. Others take the view a t  the opposite end o f  the spectrum that 
something i s  bound t o  happen which w i l l  remedy matters or  that nature w i l l  look a f te r  i t s e l f  i n  
some way. The t ru th  o f  course must l i e  somewhere between these two extremes and relates t o  our 
understanding of ecology, conservation, environmental management and development control. 

Any form o f  development w i l l  inevitably have some form o f  environmental impact and i t  i s  
the job o f  those planning and control l ing the development t o  ensure that the impact i s  such that 
i t  can be accommodated by the environment that receives it. Measurement o f  the environmental 
impact can take many forms and i t  i s  not intended here to  describe how th i s  i s  achieved but rather 
review the approaches which can lead to  proposals which can reduce those impacts t o  acceptable 
levels. It i s  not being suggested that a l l  ecosystems are equally robust o r  that i t  can be 
presumed that there w i l l  always be a method o f  manipulating the environment t o  allow development 
t o  take place. I t  must be recognized that some ecosystems are so f rag i le  that any form of 
development could resul t  i n  the i r  loss. Unfortunately, there i s  a plethora o f  examples o f  
environmental destruction re lat ing to  development many o f  which could have been avoided i f  there 
had been adequate control based on a fundamental understanding o f  the ecosystem and i t s  capacity 
i n  the f i r s t  place. 

DEFINITIONS 

I n  order t o  pursue the arguments i n  t h i s  paper i t  i s  necessary to  provide the context i n  
which certain terms are used. Principal confusion often arises by what i s  meant by 'ecology' and 
'conservation'. Ecology can be defined as the science which deals with the relat ionship between 
l i v i n g  organisms and the i r  environment. The term was f i r s t  used by Ernst Heackel i n  1873 and has 
been recognized i n  sc ien t i f i c  c i rc les fo r  many years. I t s  general usage came about some 
considerable time later ,  i n  the past feu decades, i n  par t icu lar  since the United Nations 
Conference on the Human Environment held i n  Stockholm i n  1972 (Lord Ashby, 1974). 

Conservation can be defined as the wise use o f  our natural resources. I n  the context of 
t h i s  discussion i t  must require an understanding o f  ecosystem function and i t s  tolerance t o  
impact. As indicated above i t  must be recognized that some ecosystems are so f rag i l e  that 
conservation may legit imately take the form o f  preservation, a term with which i t  i s  often 
confused. 

Pol lut ion i s  generally better understood but not always recognized. While not one of us 
would knowingly stand i n  recognizable sewage a l l  day, many people happily bathe i n  sewage 
contaminated water on the sea shore and breath some 26,000 times a day inhaling f i l t h y  a i r  because 
they do not recognize the presence of the pol lutant (Arv i l l .  1976). As a l l  development has social 
and economic consequences many have come t o  the conclusion that anything that changes the del icate 
balance o f  ecology can be considered as pol lut ion. Yet, there i s  l i k e l y  t o  be almost no pol lut ion 
that does not ar ise from some process that benefits man i n  some way. 

Inevitably resolving the complex problems o f  developtent and pol lut ion takes place i n  what 
can be cal led the p o l i t i c a l  arena and i t  i s  up to us as professionals from d i f fe rent  discipl ines 
t o  ensure that the decision makers are provided with the best possible sources and interpretat ion 
of data i n  order that they can carry out the process o f  environmental accounting. 



COASTAL ZONES AND PRESSURE FOR DEVELOPMENT 

It is .  iirportant for  those involved i n  coastal planning t o  consider why the coastal area 
should be ident i f ied  as a separate development zone from that o f  land or  sea. It i s  i n  fact  the 
area where the two major zones meet and the characteristics o f  the sea zone mix inextr icably with 
the land zone, i.e., what happens on one part must inevitably af fect  the other. Similarly 
whatever happens i n  the coastal zone may have serious repercussions on the land o r  sea zone. 

It should be evident t o  the environmental manager that what i s  required i s  a series of 
balances between man's requirements and desires, the need t o  meet the inevitable demand fo r  
development and the need for  environmental protection. 

I n  th i s  context the coast represents a uniquely r i c h  reserve o f  interact ing resources 
including o i l ,  gas, power generation, food and natural environments. As a resu l t  o f  i t s  potential  
as a major f a c i l i t y  f o r  connunication, trade and contact, i t  provides the economic opportunities 
fo r  commerce, industry and tourism. An indication o f  the pressures put on th i s  habitat are 
provided by the fact  that by 1990 i t  has been suggested that 75 percent o f  the population o f  the 
United States o f  America w i l l  l i v e  i n  th is  corridor where the land meets the sea o r  the Great 
Lakes (Coa tes, 1985). 

IMPACT ON THE COASTAL ZONE BY ACTIVITY IN THE LAND ZONE 

It has already been noted that ac t i v i t y  i n  the land zone remote from the coast can have 
severe impacts on the coastal environment and i t s  economy. One of the best examples i s  provided 
by the construction o f  the Aswan High dam i n  Egypt. 

Host o f  the population o f  Egypt l i v e  i n  the N i le  Valley where nearly a11 o f  the country's 
agricultural industry i s  found. The dam was b u i l t  t o  provide electr ical  energy fo r  the growing 
industry and t o  provide i r r i ga t i on  water. A t  the same time the dam enabled control o f  the annual 
floods which transported valuable topsoil the length o f  the country t o  be deposited i n  the delta 
region. Despite the advantages o f  flood control and power generation there are many problems 
attr ibuted t o  the dam construction. 

One o f  the major effects i s  seen hundreds o f  miles away on the coast. The once thr iv ing  
sardine fishery o f  the delta region and the waters beyond has v i r t ua l l y  disappeared and t h i s  has 
been attr ibuted t o  the lack o f  imputs o f  nutrients t o  the coastal ecosystem caused by the reduced 
and controlled flow o f  the Nile. A further consequence which has yet t o  be proved but which i s  
giving r i s e  t o  great concern i n  the c i t y  o f  Alexandria i s  the continued r i s e  o f  the water table. 
It has been suggested that th is  may i n  part be due t o  water seeping under the dam in to  the N i le  
valley radical ly  a1 tering the drainage patterns, influencing soi 1 sal in i ty ,  and potent ia l ly  
changing the patterns o f  marine l i f e  i n  the coastal lagoons. 

These changes may not be disastrous and i t  must be acknowledged that without the dam Egypt 
would have suffered severely i n  recent years o f  poor precipitation. It does however indicate the 
gaps that can exist  i n  our knowledge o f  the long term impact o f  major development i n  areas some 
considerable distance away. 



COASTAL DEVELOPMENT AND IMPACT ON THE SEA ZONE 

The impact of coastal development on the sea and inshore waters i s  much more readily 
observed than the problems described above. A further example of th is i s  provided by Egypt. 

The c i t y  o f  Alexandria was founded by Alexander the Great. Some 30 years ago i t  had a 
population of  1 mil l ion. As a result o f  industrial development i n  recent years Alexandria now 
hosts 40% of  the country's industry. I n  addition, the r is ing population of  Egypt creates a demand 
fo r  importation o f  food. I n  1981, 5 mi 11 ion tonnes o f  grain alone were imported through the port 
o f  the city. This extra port activity, increased industry and general growth o f  the national 
population has resulted i n  the population o f  Alexandria to  r ise to nearly 3 mi l l ion people. 

A t  i t s  current rate of  development i t  i s  extremely d i f f i c u l t  to maintain the growth i n  
infrastructure to  support the population. One o f  the basic needs i s  to  provide adequate sewerage 
and sewage disposal. The sea has always been seen as a readily available waste disposal and 
treatment system. It i s  legitimate to  assume that i t  does have some capacity for  accepting and 
treating waste provided that the system i s  not overloaded. 

I n  Alexandria nearly a l l  o f  the waste water i s  discharged to  close inshore waters each 
day. It i s  obvious to  the casual observer that the result o f  th is i s  gross pollut ion of the 
shores and the bathing waters. As the c i t y  provides the main tour ist  resort for  the country the 
pub1 i c  heal th  consequences and economic consequences of  th is pol lut ion are very serious indeed. 
New sewage treatment plants and disposal systems are being planned and commissioned but answers 
are complicated by the fact that a fierce argument i s  raging which i s  attempting to  resolve the 
confl ict whether to  treat the sewage and put i t  into the Mediterranean via a long sea outfal l ,  or 
return the effluent to  land which represents an important recovery o f  an essential resource to  
supplement Egypt's ever increasing demand for  i r r igat ion water. 

INSHORE UATER DEVELOPMENT AND COASTAL DEVELOPMENT 

Some forms o f  development can take place on both the land and i n  the nearshore waters. A t  
Yanbu a1 Sinaiyah on the Red Sea coast o f  the Kingdom o f  Saudi Arabia, extensive development has 
taken place to  provide an o i l  and gas transportation fac i l i t y .  The complex involves components of  
petrochemical industrial development, urbanization and construction o f  port f ac i t i l i t i e s .  The 
l a t t e r  have been constructed as two o i l  terminals connected to  the land from the deeper water by 
causeway. 

Of great significance to  the coast i n  th is area are the coral reefs. It was recognized 
that these not only represent a great natural history resource but also provide the shoreline with 
i t s  f i r s t  l i ne  of defence against the energy of  the sea. Additionally, these reefs ensure the 
existence o f  a further natural resource, the mangrove areas. These habitats are also r i ch  i n  
species supporting significant populations o f  breeding, overwintering and passage migrant birds 
and thus are icnportant to  the whole coastal marine ecosystem. The mangrove areas are only 
permitted to develop and sustain themselves because the presence of  the coral reef defence 
provides the necessary shallow she1 tered water that the plants need to  propagate and survive. 

While there are many ramifications to  th is development the ecological impact of  the inshore 
water development has been m i  tigated to  a large extent by ensuring that the causeway construction 
removed only small sections of  the reef system. 



COASTAL HYDROELECTRIC POWER GENERATION 

Harnessing the tides i s  a process seen by many to  be a non-polluting source of  renewable 
energy. One of  the main requisites i s  to  identify the location of  suf f ic ient - t ida l  flow. 

The most l i ke ly  location for  th is can be found i n  estuarine situations. 

For the past two years a study o f  the potential for  such a development on the Mersey 
estuary i n  the United Kingdom has been underway and i t  provides a good example o f  the complex 
environmental issues that arise i n  considering a proposal of th is  type. 

The Mersey estuary i s  situated i n  the industrial north west of  the country. The Mersey i s  
one of the most polluted estuaries i n  Europe receiving large quantities o f  treated and untreated 
sewage from the conurbation o f  Liverpool and Birkenhead a t  i t s  mouth i n  addition to  the treated 
wastes carried down r iver  from the industrial towns upriver. I t s  configuration resulted i n  port 
developments which were highly significant i n  maintaining the U.K. as a major trading country. 
The same configuration of  a large shallow estuary which exists through a narrow mouth i s  seen as 
providing a highly suitable location fo r  t ida l  barrage power generation. The envi ronmenatal 
implications are extremely complex and a selection of these are provided as examples. 

While i t  can be argued that the development would provide a much needed boost to  the 
economy of  one of  the most depressed areas o f  the country, there i s  a very powerful lobby against 
the proposals from those involved i n  nature conservation. One of  the str ik ing features o f  the 
estuary i s  that while i t s  pollut ion problems are great i t  has become, over the past two decades, 
one of  the most important European sites for  overwintering birds. Creation o f  a t i da l  barrage 
w i l l  undoubtedly affect the roosting and feeding resources fo r  the birds because i t  w i l l  raise the 
mean low water level. From th is point o f  view i t  has been necessary to  i n i t i a t e  a large scale 
study which not only examines the importance o f  the estuary i tse l f ,  but also i t s  role i n  relation 
to  the ecology of  the adjacent Dee and Ribble estuaries. 

Further problems arise from the increased residence time of pollutants i n  the system which 
w i l l  result i n  reducing i t s  efficiency as a waste disposal f ac i l i t y  which i s  already overloaded. 
This has resulted i n  the Mater Authority, the agency responsible for  waste water disposal, to  
review the implications o f  bringing forward their  programme for  waste water management i n  the 
region not just i n  the imnediate locali ty. 

The decline of the industrial base and changes i n  industrial practice have resulted i n  
reduced water abstraction from the groundwaters o f  the region. The net result 'of th is has been a 
significant r i se  i n  the water table which i n  turn has put increased pressure on those responsible 
for  maintaining the underground railway system of the conurbation. I t  i s  feared that construction 
of  a barrage w i l l  exacerbate these problems by increasing the head o f  water i n  the estuary. 
Similarly the impact of the development on surface water drainage i s  also giving r i se  to  concern. 

These and other problems are superimposed on the socio economic aspect o f  the development 
and are subject t o  investigation i n  what must be considered to  be one of the largest environmental 
impact assessments to  be carried out i n  Britain. 

CONCLUSIONS 

This paper has attempted by use of a l imited number o f  examples to  indicate the 
c q l e x i t i e s  of  planning fo r  coastal regions. As i n  a l l  cases of development i t  requires aspects 



of  development control based on an understanding of  environmental management. The la t te r  cannot 
be successful unless a thorough understanding o f  the environmental processes i s  obtained. This 
can only be achieved by combining the many disciplines involved to  acquire a comprehensive view of  
the impact o f  development i n  th is zone and to present th is i n  a balanced and clear view to  the 
deci s i on makers. 

I n  recognizing the highly f ragi le and vulnerable nature o f  the coast i t  has to  be 
appreciated that there w i l l  always be a shortage of  information, resources or time relating to  the 
appraisal process. Yet development does take place. Coastal planning therefore requires 
proposals which have some fac i l i t y  for  adjustment included so that variations from predicted 
results can be accomnodated as development proceeds and changes i n  growth occur. 

This i s  a challenging concept which can only be achieved i f  adequate recording of events 
and monitoring o f  changes occur. This also infers that planning and the development process 
cannot be considered separately and that the planning process should be suff ic ient ly f lexible to  
take into account and resolve the problems induced by unpredicted economic demographic and 
environmental changes as they arise. 
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WORKSHOP DISCUSSIONS AND RECOMMENDATIONS 



OPENING SESSION 

General discussion 

The f l oo r  was open for  general discussion o f  the introductory presentation. Queries were 
made concerning the importance o f  mangrove areas vs. mudflats, and i t  was noted that mudflats may 
well be as equally productive. The poss ib i l i t ies  fo r  mangrove transplantation were recognized, 
but i t  was considered unwise t o  try t o  introduce such a species i n to  an area such as Kuwait where 
i t  does not ex is t  as th is  may upset the natural balance o f  the ecosystem. 

It was noted that people are a component part o f  the ecosystem. The money for management 
and protection does not just  come from biologists. Ue need to  explain the economic and social 
significance o f  the environment t o  those who are concerned with control l ing finances. This led on 
t o  the requirements fo r  education and public awareness so that the man-in-the-street and 
part icular ly  the future generations are well educated i n  the need t o  protect the environment. 

The concept o f  environmental enhancement by coastal development led t o  interest ing 
discussions on the use o f  a r t i f i c i a l  structure fo r  increasing divers i ty  and improving fisheries. 
This raised some philosophical questions whether we should be t ry ing t o  create a r t i f i c i a l  
environments o r  to  protect the exist ing ones. The general consensus o f  opinion was that i n  a l l  
cases we should' protect exist ing environments, but where we need to  develop the coastline i t  
should be done i n  a posit ive manner so as t o  improve rather than destroy. 

The problems o f  t ry ing t o  manipulate the environment without suf f ic ient  knowledge were 
highlighted by using the Dee estuary near Liverpool, U.K., as an example. A once thr iv ing port 
and f ishing harbour was ruined by introduction o f  Spartina, a rapidly growing estuarine grass that 
blocked the estuary. Although the area i s  now o f  signif icant sc ient i f i c  importance as a b i rd  
sanctuary, the fishery and port have been lost. Some o f  the problems with fish-farming i n  the 
Region were discussed. The need t o  protect exist ing fisheries was noted as being a p r i o r i t y  over 
developing aquaculture. The comnercial viabi 1 i t y  o f  the pearl -oyster industry was considered and 
projects i n  Bahraini waters were used as an example. I t  was agreed that the f inancial returns 
from f ishing natural pearls without exploit ing the rest  o f  the animals could never compete with 
the cultured pearl industry. 

SESSION I 

CHARACTERISTICS, ASSESSMENT AND MANAGEMENT OF MARINE AND COASTAL 
HABITATS IN ROPME SEA AREA 

General Discussion 

The Session continued with a general discussion and questions appertaining t o  the previous 
presentations. These included queries about the to ta l  transport o f  sediments i n  Kuwait waters. 
It was pointed out that Kuwait had one o f  the highest dust fa l ls  compared t o  anywhere else i n  the 
world. The question was raised as t o  how lead i n  such dust might af fect  marine l i f e  and i t  was 
shown that lead, mercury and other heavy metals could cause severe problems i f  they got 
concentrated i n  the food-chains. 



The effects of sewage outfal ls on the characteristics o f  the ROPRE Sea Area was another 
topic o f  interest and involved discussions on the effects of eutrophication, high annonia levels 
i n  sediments, anoxic sediments, etc. 

Tidal f l o w  and their  effects on salinity, especially around Bahrain, required some further 
explanation as did the very low values o f  nutrients fo r  th is area. 

The discussion continued on to  the importance of primary productivity i n  Regional waters and 
whether an increase i n  nutrients would not i n  fact be beneficial. It was dicided that such 
increases i n  the input o f  nutrients as might result from sewage disposal can upset the balance and 
although the end result might be an increase i n  biomass the net result i s  usually a decrease i n  
diversity. Toxic phytoplankton blooms were used as an example o f  such an undesirable end product. 

The discussion f ina l l y  came to  the subject o f  remote sensing by sate l l i te  and the question 
was raised whether other ROME Hentoer States had the capability fo r  it. It was pointed out that 
Saudi Arabia would soon have an on-line Data Receiving Station and that the Kuwait Inst i tute fo r  
Scientif ic Research (KISR) was developing sate l l i te  data processing faci l i t ies.  On the subject of 
whether sate l l i te  imagery was preferable to  using fixed-uing aircraft,  the participants were 
informed that fixed-wing work would be more time-consuming and costly and probably less accurate, 
as w e l l  as prohibited for  security reasons i n  a number of  ROPHE Member States. 

Discussion on this subject concluded with the expert pointing out that the satel l i te 's role 
i n  characterising the marine environment could not be isolated from the need for sea-truthing. I n  
the end i t  was a rapid assessment technique which could be used for  limited monitoring on the 
large scale but needed detailed field-work to  supplement it. On the other hand, i t  was now an 
acceptable and proven methodology which could be ut i l i zed throughout the R O P E  Sea Area not only 
fo r  characterizing habitats but also for  bathymetric studies, research into sediment levels, sea 
surface temperatures and salinities, monitoring o i l  pol lut ion and industrial outfalls, etc. 

SESSION I1 

ISLAND ECOSYSTEMS AND OTHER CRITICAL HABITATS 

General discussion 

I t  was asked whether there was any record o f  egg-collecting f r k  the tern colonies. This 
has been a major problem i n  Bahrain where the figures for  nesting whi te-cheeked terns has been 
reduced over the las t  4-5 years from over 4,000 t o  less than 400. It was mentioned that there was 
no evidence for  th is i n  the nesting colonies i n  Kuwait, but that many adult birds were frequently 
shot over the nest. 

I n  answer to  a question on what sort o f  disease affect mangroves, i t  was pointed out that 
the two main infestations were from scale-insects on the leaves and from boring organisms such as 
beetles and Tereda worn. 

A question was raised regarding the sand 'halos' that forms around reefs separating them 
from the closely-associated seagrass beds, and i t  was suggested that these might be caused by 
wave-action as the deeper grass connunities r i se  up to  meet the shallower coral heads. It was 
further pointed out that the production o f  coral sand a t  the edge o f  the reef might effectively 
form a rain o f  sediment preventing the grass from developing. I t  was agreed that a l l  these were 



possible but repeated that there was strong experimental evidence supporting the theory that i t  
was grazing f i s h  1 iv ing i n  coral c m n i  t y  but feeding i n  the grass beds. 

I n  an attempt to  compare the ecosystems i n  the ROPME Sea Area with those i n  the Pacific, i t  
was pointed out that the major differences were: 

The obvious a r i d i t y  o f  the ROPHE Sea Area. 

The species richness was considerably less i n  the ROPME Sea Area. 

There was a paucity o f  biotopes within the Region due to  strong natural stresses (e.g. 
temperature and sa l in i ty ) .  

The threats t o  such c m n i t i e s  as the coral reefs were dif ferent. I n  the Paci f ic  
Acanthaster vlancki i  (the Croun-of-Thorns Starfish) was a serious problem as was the 
El-Nino e f fec t  which caused reductions i n  sea levels fo r  re la t ive ly  long periods 
exposing the shallow reefs. 

It was then pointed out i n  general discussion that one needs t o  make recommendations and t o  
educate people on the importance o f  environmental management. Most legis lat ion arises from 
disasters (Q. a country w i l l  pass a law a f te r  a disaster has occurred) i n  order t o  prevent i t s  
occurrence i n  future. This i s  not the correct my. Prevention i s  always better than cure. 

A question was raised i f  the protected zones shown fo r  Saudi Arabia had been drawn purely on 
ecological grounds o r  i n  conjuction with the physical planners. It was pointed out that these 
uere not exclusion zones and that the i r  conception had allowed fo r  a l o t  o f  f l e x i b i l i t y  with 
regard to  future planning and development. 

A question was raised as t o  how t o  protect coastlines from o i l  s p i l l s  part icular ly  i n  Qatar 
and Bahrain which always suf fer  badly due t o  the general current regime i n  the ROPHE Sea Area. 
The answer was that the area needs increased tanker safety, more control over ref iner ies and a 
selection o f  s i tes fo r  protection. The cautious use o f  dispersants was noted. Prevention was 
considered t o  be the only answer and the requirement fo r  protective measures i n  the event o f  a 
catastrophe. 

I n  Bahrain sensitive industries such as power stations and desalination plants have the i r  
water intakes permanently protected by booms, and skinners are always ready and available. Where 
s p i l l s  do occur and impact on the beaches, there i s  a selective requirement fo r  beach clean-up. 
I n  many cases i t  i s  better t o  l e t  nature take i t s  own course as attemps t o  defoul may cause the 
o i l  t o  return i n to  the water column o r  be buried i n  the sediments. However, sensitive areas o f  
the coast which are used by fishermen o r  fo r  recreational purposes may need immediate attention. 
The difference between chronic and impulsive pol lut ion was noted. A one-off s p i l l  may cause 
short-term, immediate damage but the chronic, continuous effects o f  hydrocarbons, etc. i n  the 
water column (i.e. from the washing o f  bal last  tanks) are more harmful i n  the long run t o  
sensitive organisms and camnuni t i es  such as corals and seagrasses. ROPME Member States are i n  the 
process of ra t i f y i ng  MARPOL 73/78 requirement fo r  e f f i c i en t  reception fac i l i t i es ,  and the National 
O i l  Sp i l l  Contingency Plan has already been f inal ized by some Member States, and i s  i n  the stage 
o f  f inal izat ion by others. I n  the event o f  a major s p i l l  there i s  no time fo r  po l i t e  l e t te rs  or 
numerous phone calls. Action i s  required imnediately, and an exist ing pathway needs t o  be 
established fo r  inter-country co-operation. I n  many countries i t  i s  a legal requirement fo r  such 
a Contingency Plan t o  be drawn up by the Companies before they s tar t  exploring fo r  o i l .  

Finally, the need f o r  legis lat ion t o  enforce such requirements and recomnendations was once 
again expressed and agreed on. 



SESSION 111 

ENVIRONMENTAL HEALTH ASPECTS OF COASTAL AREA ACTIVITIES 

I t  was requested to  conment further on the statement that reclamation was a necessity i n  
Bahrain i n  the l i gh t  o f  the fact that large areas o f  land i n  the centre and south of  the island 
were unused and that even i n  the habitated areas there was s t i l l  plenty o f  land available. It was 
stated that people did not want to  l i ve  near the industrial areas and that industries should not 
be sited near habitation. However, i t  was concluded that the real reason i s  the economic 
factor. A square metre of  land i n  the diplomatic area of  Manama could cost hundreds of  Bahraini 
Dinars while the sane area ~ o u l d  only cost 1-2 Bahraini Dinars to  reclaim from the coast. Also, a 
l o t  of unused land i n  Bahrain was already owned and the owners ~ o u l d  not part with i t  except for  
large sums of money. It was f e l t  that many of  the reclamation problems were not caused so much by 
industry or  commercial development which generally sought the permission and advice o f  the 
Government Environmental Protection Committee but private sector very often ignored any such 
requi rementes. 

The Session uas closed by a sumnary speech where i t  was comnented that the presentations had 
been very informative with discussions on the characteristics o f  the ROPHE Sea Area marine 
habitats and the natural stresses under which they exist. Everybody agreed that there i s  the 
urgent need for  legislat ion to combat the growing effects o f  pollution, as well as to protect the 
marine environment. Comparisons with other areas i n  the world had been most helpful. The 
treatment of  land-based wastes and the consequences o f  such treatment and disposal a t  sea or on 
land had been discussed. The Session had been concluded with a thought inspiring discussion on 
the pros and cons o f  reclamation and whether i t  was real ly necessary. It was noted that the 
proceedings had inspired a1 1 the representatives from ROPME Member States to  consider the overall 
coastal development problems. 

SESSION I V  

ASSESSMENT OF DEVELOPMENT ACTIVITIES AND THEIR IMPACT ON COASTAL AREAS 

General discussion 

I t  was noted that the only sensible approach to the correct guidance on coastal development 
was fo r  the planners, government environmental protectors and, where possible, the public to  be 
involved i n  the conceptual stage at  the beginning of the whole process. 

It was identif ied that a11 environmental impact assessments are being simplified and not 
just repetit ion o f . a l l  previous environmental impact assessments. On that i t  was comnented that 
i t  would be useful to  have a case study to  demonstrate th is within the ROPRE Region. It was f e l t  
that the only way to  achieve a simplified approach to environmental impact assessment was to 1 imit  
the number of  questions that needed to be answered. I n  the vast majority o f  cases where an 
environmental impact assessment was required most of  the questions have already been answered i n  
previous environmental impact assessments for  simi la r  projects or for  similar areas. 



SESSION V 

ENVIRONMENTAL PLANNING AND MANAGEMENT OF COASTAL AREAS 

General discussion 

To the question whether the Blue Plan can be applied t o  the ROPME Region, the reply was 
"Yes" i n  principle, but not necessarily following the same lines. 

I t  was stated that the Blue Plan might be a good position from which ROPME might develop i t s  
own environmental and development plan. 

The need to  make environmental sacri f ices i n  order to  make development progress was 
discussed with reference t o  the loss o f  a sardine fishery due t o  the construction o f  the Aswan 
High Dam. One member commented on the lack o f  foresight and monitoring which could have predicted 
such an event. It was added that the Master Plan Team fo r  Alexandria recognizes the rapid growth 
i n  the area and there i s  an attempt now t o  establish a monitoring and control l ing system i n  order 
t o  review such plan. This s i tuat ion i s  also apparent i n  other areas o f  the world. I n  U.K., such 
f l e x i b i l i t y  exists by having pol icies rather than s t r i c t  laws and pol lutant levels. Individual 
situations are reviewed and reviewing o f  pol icy i s  a common event. I n  sumnation, one should 
review the development strategy every f i v e  years and th is  review cannot function without 
information from environmental and development monitoring. 

The comment o f  an expert that the Aswan High Dam had disastrous effects within the 
Mediterranean was not accepted and i t  was f e l t  that the word "disasterm was not r ight. It was 
pointed out that without the Dan, the effects o f  vis-a-vis agriculture and flooding could well 
have been disastrous. The High Dam has been one o f  the best schemes fo r  averting floods and 
droughts i n  Egypt. 

Various types o f  environmental legislat ions were discussed and then commented again on the 
"disaster" approach and how i f  people d ie  from envrionmntal problems the legis lat ion i s  passed. 
I t  i s  evident that even the World Bank realizes the f inancial and economic importance o f  the 
environment and i s  now providing financial support f o r  coastal zone management. 

It was pointed out that hydroelectric development i n  Surinam had resulted i n  the flooding o f  
a rain-forest. This decision was made on economic grounds. The unforeseen ef fect  was rapid decay 
o f  vegetation leading t o  rapid anoxic build-up with consequent growth o f  water hyacinth which 
clogged the intakes o f  the hydroelectric project. To remove these plants, herbicides were sprayed 
and to  deal with expanding mosquito populations, 0. D. T. was added. This was carr ied down-stream 
destroying a fishery upon which thousands o f  indigenous Indians re l ied  to ta l l y  fo r  the i r  food 
supply. The subsequent cost o f  clean-up was enormous. The sad fact  was the lack o f  involvement 
o f  sc ient i f i c  expertise a t  the decision-making level which could have avoided this. 

It was f e l t  that engineering students should be better educated i n  the need fo r  
environmental concern so that they recognize the importance o f  including these aspects i n  any 
development plans. It was pointed out that t h i s  i s  now happening slowly i n  U.K. and i n  some other 
Western countries where i t  i s  realized that the environment i s  an economic issue. 

The qual i ty o f  the environment i n  which we have t o  l i v e  i s  now being recognized as an 
important factor by the planners and developers. 



Examples of  short-term decisions were given using the Aswan High Dam and the industries that 
were developed around it. Also, the sewage problems of  Alexandria was mentioned again with 
government bodies being reluctant to  decide whether to  put the sewage in to  the sea or  on the 
land. Consequently, no decision i s  made and the problem continues to  get worse. So there i s  a 
case needing judges and not more experts, somebody to  make a f i rm decision. Legislation needs to  
be based on expert knowledge but also needs to  be f lexible enough so as not to  be out-dated too 
rapidly by changing situations or evidence. What i s  needed i s  not so much governmental personnel 
than statesmen with foresight and vision. I n  future, economic and environmental actions need to  
work i n  harmony. The developing countries as a whole are entering a major dilemna. I n  for ty 
years time the distr ibution o f  the populations around the world w i l l  have reversed due to  massive 
population increases i n  the southern th i rd  world and reduced population i n  the northern areas of  
Europe, etc. The Southern th i rd  world gets i t s  technology and develops i t s  resources from the 
northern developed world and the two are no longer compatible. I n  other words, the problems need 
to  be seen i n  the context of  the socio-economic structure existing i n  the area. 

After the aforegoing presentation, i t  was commented that the people who are making the 
environmental decisions within government are often i n  that position for  their  ab i l i t y  to  be a 
po l i t ic ian and not for  their  environmental knowledge or abi l i ty .  

One member, who was a former Minister i n  an environmental role, was asked about his attitude 
and he out1 ined the problems of  f ighting bureaucracy. He also emphasis4 the need fo r  a po l i t ica l  
force such as public opinion. 

Over recent years the concept of  environmental awareness has undergone considerable 
progress, especially within the public sector. I t  i s  f e l t  that th is w i l l  naturally progress to  a 
more o f f i c i a l  commercial and governmental level. 

It was asked to  comment on the problems of  passing legislat ion on a regional level rather 
than national level. The answer was that with regard to  the "Blue Plan" specific recommendations 
were made fo r  both national and regional legislat ion but that th is legislat ion had to  be accepted 
and designed on a national level. 

RECOMMENDATIONS 

H. E. Or. Abdul Rahman A-Awadi, Acting Executive Secretary o f  ROPHE, f e l t  that there must be 
certain specific recommendations appertaining to  the Coastal Area Development Workshop. We need 
to  encourage certain act iv i t ies  and discourage others. There must be co-ordination between those 
with a vested interest (e.9. the o i l  industry) and those who are trying to  protect. He 
recommended that scientists should get together more regularly within the ROPME Sea Area (i.e. 
those people who are collecting the data should meet regularly) to  discuss t h e i r '  works. 
Furthermore, he recannended the need for  coastal zoning. 

The Representative o f  UNEP's W P M  urged the Workshop participants and experts to  have an 
elaborate discussion with a view to  reaching substantive conclusions and concrete recommendations 
relevant to  the different coastal area development i n  the ROPME Sea Area. He indicated that 
having listened to  the presentations made during various Sessions o f  the Workshop, we should have 
a comprehensive overview of  the ecological and developmental characteristics o f  the Sea and 
coastal area of  ROPME Region. This could provide the basis for  formulating relevant 
recommendations which should be specific and action-oriented. 



I t  was ident i f ied the presence o f  a great deal o f  data within the Region and that there 
should be as much co-operation as possible between the ROPME Member States. There i s  a need for 
an interdiscipl inary co-ordination between Member States. Legislation has been recognized as 
being essential to  supporting a coastal zone management policy. The requirement fo r  more 
environmental awareness within the Region both wi th in pub1 i c  and commercial sector was recognised 
as being essential. I t  was suggested that a coastal zone management pol icy was o f  paramount 
importance and that most o f  the other recommendations f a l l  within th is  framework. 

The Rapporteur gave a description of the proceedings, and read out the main points of 
concern ar is ing from the Workshop: 

- The need for  national and regional coastal zone management plans. 

- The need fo r  an inventory o f  habitats, industr ia l  development and areas o f  sens i t i v i ty  
from each Member State. 

- The need for  frequent professional contacts between scientists within the Region. 

- The need for  more environmental awareness, both i n  the comnercial and i n  the public 
sector. 

- Pr io r i t y  should be given t o  protecting exist ing environments whenever possible, but where 
coastal development i s  necessary, then i t  should be undertaken i n  a posit ive way. 

- The need for  a better understanding o f  seasonal and cycl ic variations within the regional 
ecosystem so as not t o  confuse such variations with the effects o f  coastal development. 

- The dangers o f  developing laws and regulations appertaining t o  the coastal zone without 
suf f ic ient  input from those experts who most f u l l y  understand that area. 

- The "Blue Plan" fo r  the Mediterranean and other such Coastal Zone Management Plans should 
be studied with a view t o  identi fying the elements o f  the i r  strategy which could be 
appl i ed to  the ROPNE Sea Area. 

- The ROPRE Sea Area i s  obviously under unusual natural stress from extremes o f  
temperature, sa l i n i t y  and sedimentation. Coupled t o  this, coastal development i s  rapidly 
expanding, especially i n  the petro-chemical industry. I n  consequence, the environment o f  
the ROPHE Sea Area i s  i n  no position t o  absorb any further man-made stress and there i s  
evidence that i t  may already be undergoing severe deleterious effects. This s i tuat ion 
should not be allowed t o  continue t o  the point where i t  may be irreversible. 

- Much o f  the world's legis lat ion arises from disasters. It i s  only a f te r  such a disaster 
occurs that a law i s  passed t o  prevent i t s  occurrence. Prevention i s  better than cure. 

- Where environmental issues are concerned i n  management plans, the planners should involve 
a l l  interested parties such as governmental bodies and environmental protection 
authori t ies a t  the conceptual stage t o  provide appropriate input i n to  these plans. 

- Co-operation between the Member States i s  v i t a l  and contingency plans such as the O i l  
Spi 11 Contingency Plan must be l a i d  doun and implmented before any castastrophes occur. 

- Environmental problems cannot be isolated from economics and very often i t  i s  necessary 
t o  compromise rather than isolate the environmental bodies from those with industr ial  and 
economic interests. 



- Environmental impact assessment should be br ief ,  unlaboured and not repeti t ive. 

Finally, and most importantly, coastal zone management and the posi t ive guidance of 
coastal area development i s  impossible and impractical without the relevant leg is la t ion  
t o  support it. The only way that signatories t o  the Kuwait Action Plan of the Kuwait 
Regional Convention (1978) and i t s  related Protocols can save the i r  coastal areas from 
potential damage i s  t o  develop leg is la t ion  wi th in the i r  own countries. This legis lat ion 
must be endorsed by the environmental bodies with the a b i l i t y  t o  lega l ly  control and 
guide coastal development and coastal zone management. The need f o r  such leg is la t ion  i s  
paramount and overdue i f  we are to  prevent the marine environment o f  the ROPME Sea Area 
from developing signs o f  i r revers ib le loss and destruction if, i n  fact, t h i s  i s  not 
a1 ready the case. 

- Subsequently, the f l oo r  was opened f o r  discussion p r i o r  t o  the development of 
recomnendations. After elaborate discussion by the Workshop part icipants and experts, 
the following recomnendations were formulated: 

- Being aware that the Kuwait Action Plan "sets fo r th  a framework fo r  an environmentally 
sound and comprehensive approach to  coastal area development, par t icu lar ly  appropriate 
fo r  t h i s  rapidly developing Region"; 

- Bearing i n  mind that the Kuwait Regional Convention f o r  Co-operation on the Protection o f  
the Marine Environment from Pol lut ion recognizes "the need t o  develop an integrated 
management approach t o  the use o f  the marine environment and the coastal areas which w i l l  
allow the achievement o f  environmental and development goals i n  a harmonious manner", and 
taking note, i n  part icular,  of Art ic les V I ,  V I I I  and X I  o f  the said Convention; 

- Considering the points o f  concern ident i f ied  by th i s  Workshop, recognizing the serious 
threat imposed by coastal development on the already-stressed environment o f  the ROPME 
Sea Area; 

- Convinced o f  the need t o  develop a comprehensive strategy fo r  the protection o f  the coast 
and coastal zone o f  the ROPME Sea Area; 

The Workshop has noted the general lack or  insuff ic iency o f  legis lat ion and regulation 
concerning coastal development within the ROPME Member States. The Workshop, therefore, 
recommends that : 

- There should be legal requirements fo r  environmental protection to  be incorporated i n to  
any coastal development and that developers must consult with the responsible body or 
bodies ( i  .e. Environmental Protection Councils or Comnitteesl i n  Member States a t  the 
inception o f  planning. 

- A l l  coastal development should incorporate a code o f  practice or  pr inc ip le o f  minimum 
detrimental environmental impact on the coastal environment. 

A system fo r  the exchange o f  data and information between Member States i s  a necessity. 
ROPRE should i n i t i a t e  such a system and organize regional meetings to  allow the sc ient is ts  working 
wi th in ROPME dauber States t o  exchange views and information and to  compare data. These meetings 
should occur on a regular, informal basis and be held on a rotat ional basis within Member States, 
and should include relevant s i t e  v i s i t s  wi th in Member States. 


