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Chapterr 1 

INTRODUCTION N 

Threatss to Coral Reefs 

Corall  reefs are highly productive and diverse ecosystems that are 
essentiall  for the existence of human coastal populations. They also fulfil l an 
importantt ecological role in allowing the development of other associated 
ecosystemss such as mangrove and sea-grass (Craik et al. 1990). Now days, 
twoo major destructive agents threaten the fate of coral reefs, e.g. 
anthropogenicc activities and global climate change (Bak & Meesters 
1999;McClanahann 1999; Risk 1999; Wilkinson 1999; Goreau et al 2000). 
Amongg the variety of human disturbances, reef-based tourism is +-
increasinglyy gaining recognition as one of the most damaging activities 
(Rinkevichh 1995). Unmanaged reef-based recreational activities in the form 
off  scuba diving, snorkeling, and reef walking have become a major threat to 
corall  reef reserves worldwide (Talge 1992; Allison 1996; Rinkevich 1995; 
Chadwick-Furmann 1997; Muthiga & McClanahan 1997; Ormond et al. 
1997;; Rouphael & Inglis 1997; van Treeck & Schuhmacher 1999). The 
deteriorationn of coral reefs has been stimulating the establishment of many 
marinee reserves worldwide. 

Adaptivee Management in Marine Reserves 

Naturee reserves are generally set to serve various conservation goals, 
amongg which are to protect endangered species and to preserve functioning 
communitiess and biotic diversity. While considerable advances have been 
madee in the management of terrestrial ecosystems, the theoretical and 
empiricall  framework for managing marine ecosystems is in its early stage; 
thee physical nature of the marine environment puts unique challenges to 
marinee conservation. Due to oceanic currents, ecosystems are connected 
overr vast distances, organisms (and pollutants) may disperse accordingly, 
andd therefore the scale of fundamental processes is often much larger than 
thatt which a nature reserve can encompass (Allison et al 1998). Marine 
protectedd areas (MPA's) should be perceived in a broad geographical 
contextt and zoning schemes are a prime tool in their management agendas 
(Kelleherr & Kenchington 1992). 
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User-related,, effective zoning schemes should take into account habitat 
sensitivityy and user requirements. The most habitat-friendly zoning scheme 
iss that of biosphere reserves, which are protected areas of representative 
terrestriall  and coastal environments recognized for their importance under 
thee UNESCO Man & Biosphere (MAB) conservation program. Three 
functionallyy distinctive zones are delineated in such reserves; the core zone-
sett aside for conservation, buffer zones- destined for management purposes; 
andd transition areas- destined for sustainable development. Other 
managementt conservation agendas such as 'Multiple-use' and 'National 
Park'' systems also delineate zones where varying degrees of limitations on 
humann activities are implemented (Laffoley 1994). Two important goals of 
suchh agendas are to: 

 Protect critical habitats and ecological processes, and, 

 Minimize the negative effects on the MPA by separating conflicting 

humann activities into suitable areas. 

Thiss demands that the zoning system wil l incorporate all acceptable use 
andd users in a manner that wil l provide the highest protection to the core 
zonee and its adjacent areas, followed by a decreasing protection gradation 
furtherr into the buffer zones. In reserves extending over large areas this may 
bebe relatively easy to achieve. The Great Barrier Reef Marine Park (GBRMP) 
att Australia is an example of a vast reserve where a multiple-use scheme is 
appliedd in an adaptive fashion in purpose to resolve conflicts of resource-use 
andd to achieve a sustainable ecosystem management. Small reefs that stretch 
overr just few kilometers provide less opportunity to establish and protect 
coree zones, for example from pollution occurring in their vicinity. If such 
smalll  reef reserves accommodate also large-scale tourism, management 
dilemmass may be considerably intensified. Conventional management 
strategiess such as closure policies and zoning systems are practiced on a 
smalll  scale also in undersized reserves. However, the lack of sufficient 
bufferr areas around core zones in small reserves makes the efficacy of these 
practicess doubtful especially in view of increasing anthropogenic stress. The 
generall  issue regarding reserves of sufficient size- wil l its populations be 
ablee to persist despite potential threats from surrounding areas- is even more 
compellingg when dealing with the management of area-limited reserves. It is 
thereforee essential that optimal monitoring programs be developed, and 
relevantt data collected in order to properly evaluate the effectiveness of 
managementt agendas. This must be done well before management failure 
hass become a visible fact (Allison et al 1998). 
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Reeff  Rehabilitation- Coral Transplantation and Mariculture Techniques 

Corall  transplantation, i.e. the extraction of coral fragments or whole 
coloniess from un-harmed donor reef sites and their transfer into damaged 
sitess is a widespread practice. The rationale of coral transplantation is that 
replacingg dead corals with fast-growing, reproductive colonies wil l 
acceleratee natural recovery by increasing coral living coverage and 
enhancingg reproductive activity. Today, these techniques are criticized for 
theirr merit as sustainable biological tools to restore degrading reef 
communitiess (Edwards and Clark 1998). A major drawback is the additional 
damagee intentionally inflicted to donor reef areas prior to each 
transplantationn operation. Other setbacks are higher mortality, reduced 
growthh rates and a decrease in transplant fecundity. These phenomena are 
associatedd with the trauma of the distressful procedures such as detachment, 
breakage,, transfer, and re-attachment by various means. In their critical 
revieww on reef rehabilitation practices, Edwards and Clark (1998) indicated 
thatt coral transplantation techniques should be integrated into a thorough 
reeff  management process. Before resorting to transplantation, the physical 
conditionss (e.g. water quality, stability of reef bottom substrata) as well as 
thee biological (e.g. coral recruitment success) should be carefully examined. 
Forr example if a damaged reef site receives a good input of coral larvae 
fromm up-stream reefs while there is no reason to expect recruitment failure, 
transplantationn may be unnecessary. When transplantation is required, 
Edwardss and Clark (1998) recommended coral mariculture as the 
appropriatee source to supply coral material for reef rehabilitation. 

Rinkevichh (1995) coined the term 'gardening coral reefs' to denote the 
strategyy of farming sexual and asexual coral propagules within in-situ and 
ex-situex-situ nurseries. Colony fragments and young spat are maricultured in-situ 
onn artificial substrates within protected zones. Large numbers of nubbins 
andd post-metamorphosed larvae are kept initially ex-situ in out door 
containers,, and are subsequently transferred to the submerged nurseries. The 
ideaa is that large-scale coral nurseries, established from local pool of coral 
speciess would form the platform for the next phase in reef rehabilitation 
practices,, i.e. transplantation. Thus, a two-step restoration framework of an 
activee conservation phase, followed by rehabilitation, is constructed. First, a 
self-sustainedd large pool of farmed corals is established, and then 
responsiblee rehabilitation acts may be performed. Coral reef rehabilitation 
throughh activities related to "reef gardening" wil l require a thorough 
understandingg in the biology of reef communities. We need to understand 
patternss of recruitment, species composition, abundance of populations, and 
sizee frequency distributions for transplantation to produce a reef community 
ass close to natural as possible. The mariculture strategy is theoretically 
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linkedd to the idea of terrestrial forest plantation practices (silviculture), 
whichh is a core strategy in forest restoration programs (Christensen et al. 
1996).. Several studies have successfully tested aspects of coral gardening 
techniquess (Bowden-Kerby 1997; Franklin et al. 1998; Rinkevich 2000). In 
chapterr four of this thesis (Epstein et al. in press), the potential of producing 
neww colonies ready for transplantation after 2 years of nursery establishment 
iss demonstrated. 

Aimss of the Study 

Thee Coral Reef Reserve at Eilat, Israel, located at the northern tip of the 
Redd Sea Gulf is an example of a small and heavily abused reef reserve. The 
Gulff  is about 170 km long (south into the Egyptian Sinai Peninsula), and 
onlyy the most northerly 11 km strip is situated within Israeli territory. This 
smalll  edge reserve contains merely 3.5 km of fragmented, fringing, and 
easilyy accessed reef sites (Ortal & Nemtzov 1997). It has been subjected to 
decadess of pollution that have caused a considerable loss of biodiversity 
(Loyaa 1986; Fishelson 1995). Today, reef-based tourism has become a 
majorr source of damage on the reefs of Eilat, similar to the damage that is 
beingg inflicted in other reef localities worldwide (Riegel & Velimirov 1991; 
Wilhelmssonn et al. 1998; Epstein et al. 1999). About 15 scuba dive-clubs 
operatee at this small reserve in Eilat and approximately 300,000 dives are 
carriedd out annually (Meshi & Ortal 1995), not counting swimmers, 
snorkelers,, etc.. This is a figure exceeding many other tourist-targeted reefs 
inn the world. The core zone of this reserve (about 350 meter long) enjoys an 
almostt complete closure; the remainder of the reserve accommodates 
exceptionallyy high levels of recreational activities. The Eilat Coral Reef 
Reservee provides therefore an excellent opportunity to study and test 
strategiess for reef restoration. In addition, the heavy recreational stress 
exertedd on its reef sites in a highly concentrated manner, puts great 
challengess to its management. It lends then also a unique opportunity to 
evaluatee the consequences of implementing conservation strategies in a very 
smalll  and heavily impacted marine reserve. 

Thiss PhD thesis represents an attempt to put together a general frame of 
informationn as well as to provide guidelines for the rehabilitation and 
restorationn of coral reefs that are subjected to degradation by increasing 
recreationall  activities. Furthermore, it concentrates on the importance of 
employingg research and monitoring to evaluate the effectiveness of 
conservationn strategies. 

Thee research focused on two main themes: 
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1.. Develop a comprehensive framework for the rehabilitation of 
damagedd coral reefs through 'gardening'- in-situ and ex-situ coral 
nurseriess for the production of coral material- as groundwork to the 
practicee of coral transplantation. 

2.. Evaluating the effectiveness of a conservation management strategy 
(aa limited closure) in the extremely small, and heavily abused Eilat 
Corall  Reef Reserve. 

Outline e 

 Chapter two presents the results of the first census (May 1998) in the 
monitoringg program of S. pistillata coral populations at three studied 
sitess of the Eilat reef. Two sites are subjected to intense human 
activitiess while one site is highly protected through implementation 
off  a small scale closure policy. An analysis of data on coral colony 
breakage,, partial mortality, and population structure is used to 
investigatee the 'state of health' of these populations. 

 Chapter three deals with pollution impacts; the effects of chemical 
oill  dispersants on sexual propagules of two common coral species of 
thee Eilat reef, a stony coral {Stylophora pistillata; Hexacoralia), and 
aa soft coral (Heteroxeniafuscesens; Octocoralia). Oil dispersants 
weree developed to alleviate oil pollution damage on marine 
ecosystems,, but their effects are questionable. 

 Chapter four presents an investigation of the potential in coral in-situ 
andd ex-situ techniques (coral nurseries) to produce mass quantities of 
neww corals for active restoration purposes. 

 Chapter five presents a discussion of the integration of coral colony 
patternn formation and architecture into the coral farming strategy. 
Studiess on coral mariculture and transplantation traditionally 
considerr aspects of coral survivorship, growth rate, and reproductive 
activityy as criteria for success. The isolation of coral fragments with 
aa proper level of architectural complexity can considerably enhance 
thee success of mariculture operations. 

aa Chapter six summarizes the analysis of 2.5 year of monitoring the 
StylophoraStylophora pistillata coral populations initially presented in Chapter 
two.. Results are discussed in the context of implementation, 
monitoring,, and evaluation of conservation strategies within the 
frameworkframework of reef management. This discussion focuses in particular 
onn the unique dilemmas occurring in extremely small and abused 
marinee reserves. 
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 Chapter seven discusses some of the theoretical and practical aspects 
off  adapting forest ecosystems restoration strategies (silviculture 
programs)) to coral reefs (coral nurseries). 
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