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Chapterr 7 

APPLYINGG FOREST RESTORATION PRINCIPLES TO CORAL 

REEFF REHABILITATION 

Abstract t 

Forestt restoration through silviculture (gardening) programs revives 
productivity,, biodiversity, and stability. We propose here to adapt this 
rationalee to coral reef ecosystems and major key criteria for forest and coral 
reeff  restoration measures are raised and compared. A coral gardening 
strategyy is based on a two-step protocol, the establishment of in-situ and ex-
situsitu coral nurseries phase in which corals are farmed (originating from two 
typess of source material: asexual [ramets, nubbins], and sexual: [planula 
larvae,, spat]), and the reef rehabilitation phase, where maricultured colonies 
aree transplanted into degraded sites. It is suggested that a sustainable coral 
mariculturee operation will promote the persistence of threatened coral 
populationss and maintain their genetic variability (as well as of other reef 
taxa).. This measure may also be implemented worldwide, eliminating the 
needd to extract existing colonies for transplantation operations. In abused 
reeff  sites, the coral gardening strategy can assist in managing human and 
non-humann stakeholders' requirements as is done in forest management. 

Keywords:: coral mariculture; forest restoration; in-situ nurseries; reef 
management;; reef restoration; silviculture 

Twoo Ecosystems with a Similar Fate 

Treess and stony corals, the framework building stones of rainforests and 
corall  reefs, share a common ecological role by virtue of their biological 
propertiess (Christensen et al. 1996). Both ecosystems consist of complex 
structuress that embody the required physical strength to resist storms, and 
harborharbor high numbers of inhabitants. Lugo et al. (2000) further indicated that 
inn spite of continuous exposure to destructive agents, coral reefs and 
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rainforestss have successfully persisted over evolutionary time scales. This 
hass been achieved through mechanisms of resistance and fast structural 
repairr of their prime components. However, coral reefs and rainforests are 
facedd in the last five decades with dramatic threats from new types of 
perturbations,, as human activities rapidly increase in these ecosystems. 
Forestt clearing and land conversion to agriculture leads to land erosion, and 
desertification.. Similarly, major declines in coral coverage lead to the 
collapsee of reef communities and to the development of 'weedy' algal mats 
(Kinsey,, 1988; Lugo et ah, 2000). Both systems also undergo dramatic 
changess in structure and species composition when chronic human impacts 
aree inflicted (Loya, 1986; Rinkevich, 1995; Noble and Dirzo, 1997). On 
land,, the failure of forest systems to self-regeneration has stimulated various 
restorationn measures proven to be effective. This is not the situation in the 
corall  reefs (Allison et ah, 1998) where rehabilitation measures that have 
beenn employed, such as artificial reefs and coral transplantation, are under a 
scientificc debate for their effectiveness (Edwards and Clark, 1998) and no 
singlee restoration concept is commonly accepted. Here we deal with the 
questionn of whether accepted forest restoration concepts can be adapted and 
utilizedd for reef restoration as well? 

Terrestriall  Restoration Concepts 

Habitatt restoration is a scientific discipline developed originally for 
terrestriall  ecosystems (Hobbs and Norton, 1996). Its rationale operates on 
twoo distinctive hierarchical levels, the first of which is to restore the 
physicall  environment, followed by the re-introduction of vegetation. Several 
workingg concepts guide these restoration protocols. They include the need 
forr preservation of basic ecosystem functions (such as nutrient and mineral 
cycling),, the priority handling with key species, the need for preserving 
biologicall  diversity, and the importance of rehabilitation of biological 
frameworkk structures (Christensen et ah, 1996; Lesica and Allendorf, 1999). 

Degradedd forestlands are prone to land erosion, decreased hydrologie 
stability,, lower primary productivity, and diminished species diversity. Re-
forestationn of partially degraded areas may be achieved through several 
routes,, with the main aim for the maintenance of species composition and 
diversityy (Dobson et al, 1997). Areas of advanced deprivation, or extinct 
forestt communities are reconstructed through silviculture programs by 
cultivatingg selected tree species in plantations. Forest restoration through 
silviculturee is also a key strategy to achieve objectives at the community 
level,, such as enhancing productivity, stability, and biological diversity of 
denudedd areas (Parrotta, 1992). Silviculture has proven to be one of the 
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mostt promising restoration tools for tropical forest systems (Christensen et 
al,al, 1996). 

Duee to the common ecological role trees and corals fulfill , and since the 
growthh forms of many coral species follow similar architectural models to 
thosee of trees (Dauget, 1991), it is proposed here that silviculture concepts 
cann be applied for reef restoration through coral mariculture and gardening 
(majorr points for comparison are outlined in Table 1). Gardening of the 
corall  reef approach is an improved strategy to the more traditional measures 
off  "coral transplantation" where the transplanted coral colonies are 
harvestedd from natural populations. 

Corall  Transplantation Measures 

Variouss coral transplantation techniques are widely used in attempts to 
restoree degraded reef areas (Edwards and Clark, 1998). The rationale behind 
thee act of coral transplantation is to replace dead coral colonies with new 
oness in order to accelerate natural recovery. Several drawbacks are 
associatedd with the protocols of relocating healthy corals into denuded reef 
sitess (Edwards and Clark, 1998). The harvesting of corals for transplantation 
abusess undamaged reefs and inflicts trauma to donor colonies. Moreover, 
transplantationn leaves aspects of transplant survivorship and growth at the 
mercyy of local reef conditions at the damaged site and can thus be wasteful. 
Ann improved approach would fulfil l two requirements: It should minimize 
thee extraction of valuable coral material incurred by transplantation acts and 
shouldd provide the transplanted material a nursery phase for proper 
acclimationn and growth to a size suitable for transplantation. Such an 
approachh follows the concept of coral mariculture in different ex-situ and in-
situsitu nurseries where a large pool of farmed colonies is maintained 
(Rinkevich,, 1995, 2000; Epstein et al, 2001; Tablel). 

Corall  Mariculture-Gardening in Submerged and Inland Nurseries 

Branchingg coral colonies may provide several types of coral material for 
mariculture,, including ramets incorporating a single or several branches, 
nubbins,, small whole spat removed from frequently disturbed areas and 
planulaa larvae (Epstein et al, 2001). Upon separation, ramets and spat may 
bee directly placed within protected areas in low-profile in-situ nurseries, 
wheree they are allowed to grow to a size suitable for transplantation. The ex-
situsitu nurseries, usually outdoor aquaria, are planned to accommodate minute 
nubbinss and settled coral planulae for a preliminary foster period, before 
transferringg them to the underwater nurseries for an additional fosterage 
phase.. Viable ramets and post-metamorphosed spat were documented to 
groww in protected in-situ and ex-situ nurseries, while their parental colonies 
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Tablee 1. Comparing key criteria for forest and coral reef restoration measures 
(commonn elements for both ecosystems are marked with asterisk). 

(Sources:: Chadwick and Stephens, 1977; Connell, 1978; Goreau etal, 1979; Loya, 
1986;; Kinsey, 1988; Johnson and Preece, 1992; Parrotta, 1992; Rinkevich, 1995; 
Christensenn et al,. 1996; Lugo etal, 2000; Epstein and Rinkevich, 2001; Epstein et 
al,al, 2001). 

Pointss for 
consideration n 

Plantations s 
and d 

nurseries s 

Criterion n 

Source e 
materiall  for 
farming g 

Location n 

Type e 

Rationale e 

Timee for 
transplantation n 

Buildingg Stones 

Trees s 

Asexual: : 
ramets s 
Sexual:: seeds, 
seedlings s 

Selectedd sites 
forr plantations 
orr directly on 
degradedd forest 
land d 

Monoculturee or 
mixedd species 
plantations s 
**  No detrimental 

Corals s 

Asexual:: ramets, nubbins 
Sexual:: Planula larvae, spat 

In-situIn-situ nurseries combined 
withh ex-situ aquaculture 

Mariculturee of local key 
corall  species 

impactt on environment 
**  Greenhouse needed for sustainable number 
off  recruits 
**  Nursery survivorship is higher than in 
underr natural conditions 
**  Stock material 
request t 

iss available upon immediate 

**  Direct controlling of species abundance 
Severall  As soonn as two years from 
yearss initiation 
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(Tablee 2 continued) 

Pointss for 
consideration n 

Outcomes s 

Criterion n 

Immediate e 
target t 

Ecological l 
properties s 
Impactt on 
substrate e 

Overalll  eco-
logicall  impact 

Buildingg Stones 

Trees s Corals s 

Youngg New coral colonies to replace dead 
treess to corals or create new nuclei in 
coverr land denuded zones 
inn denuded 
sites s 
**  Facilitating subsequent recruitments, preventing 
takeoverr by weedy species 
Roott system: 
stabilizingg soil, 
Enhancedd litter 
production,, increased 
soill  organic matter, 
moderatingg soil pH, 
andd improving nutrient 
status s 

Enhancedd lithification 
processes, , 
Enhancedd reef rock 
formation n 

**  Restoring productivity, stability and 
biodiversity y 

**  Restoring associated fauna and flora 

hadd already succumbed to human stress in their original habitats (Epstein et 
al,al, 2001). Transplanting grown nursery 'propagules' back into their natal 
reeff  wil l help prevent genet and species extinctions in degrading sites by 
imitatingg (on a local scale) the 'rescue effect' (Sinsch, 1997), and by 
preservingg genetic variation. A coral nursery may then be considered an 
artificiall  'source population' (created from a local species pool), supplying 
reef-managerss with sufficient coral colonies for sustainable transplantation 
(Rinkevich,, 1995, 2000; Epstein et al, 2001). Several studies have already 
successfullyy tested aspects of coral gardening techniques (Bowden-Kerby, 
1997;; Franklin et al, 1998; Rinkevich, 2000), and Epstein et al. (2001) 
estimatedd the nursery phase to be as short as 2 years for ramets of the Indo 
Pacificc branching coral species Stylophora pistillata. This was achieved 
whilee combining ex-situ and in-situ farming of metamorphosed larvae, and 
consideringg pattern formation processes which shape colony formation for 
isolatedd ramets (Epstein and Rinkevich, 2001). 

Thee mariculture strategy may be applied to different reef locations 
worldwidee following site-specific considerations. Management decisions 
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takee into consideration the appropriate coral species, and the type of source 
materiall  most suitable for local cultivation. Sustainable coral gardening and 
transplantationn programs may support and enhance the existence of coral 
inhabitantt taxa and prevent further deterioration of the entire reef 
community.. The mariculture concept may contribute to the formation of a 
comprehensivee reef rehabilitation framework: conservation of threatened 
corall  species through mariculture, and rehabilitation through their 
transplantation.. Ecosystem management, in terrestrial and marine habitats 
alike,, includes social, political, economic, cultural, and ecological themes 
(Christensenn et al, 1996; Thomas, 1996). In economically important reef 
sitess (such as for the tourist industry), the coral mariculture strategy, 
therefore,, can be used to develop sustainable material for human and non-
humann stakeholders, in a similar way as is done in forest management 
practices. . 
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