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1. Project execution
The REEFRES consortium aims at the developing of common active restoration protocols for coral reefs, with emphasize to Indo Pacific reefs. The coral reefs, known as one of the most diverse and complex biological ecosystems on earth, hold significant economical values to hundreds of millions of people worldwide whose livelihood rely directly on this ecosystem (i.e., fisheries and tourism industry). However, many reefs around the world are continuously degrading, principally from over-fishing and from other direct human activities causing excess inputs of sediment, nutrients and pollutants, in addition to deforestation, reef mining and dredging. In recent years, the impacts from recreational activities and fisheries have been classified among the foremost devastating agents to coral reefs. In addition, coral reefs are degrading from indirect anthropogenic impacts culminating under the title of ‘global changes’. 
The documented worldwide decline of coral reefs, including coral reefs of the Indo-Pacific region, has stimulated demands for the development and use of adequate restoration methods. It is obvious that still much remains to be learned about proper management and restoration of coral reef ecosystems although basic biological functions of many coral species in various sites around the globe are already known. However, efforts to conserve degrading reefs have failed to produce significant results, and rehabilitation measures have not been able to keep up with the fast degradation. This is the major reason why many reports on coral reefs identified this ecosystem as the highest priority area for conservation, especially in countries whose economy relies heavily on reef products. This is in contrast to the fact that established theories and approved management techniques, specifically developed for coral reefs, still lag behind those developed for terrestrial habitats. In addition, there is yet no single approved case for reef restoration on a large scale, in contrast to terrestrial habitats. Furthermore, a considerable scientific uncertainty is involved in the choice of proper management strategies in reef reserves, an uncertainly enhanced by some life history characteristic to coral reef organisms, such as larval capabilities for migrating geographic distances far greater than the protected area size. 
The REEFRES consortium consists of seven groups, four Europeans (including three research institutions from Israel, UK and Italy and a SME entity) and three Asian partners (from The Philippines, Thailand and Singapore) that are teamed up to restore Indo-Pacific coral reefs. To maximize the efficiency of technology transfer, work and available budget, the six field teams are divided into three pairs of partners. Each pair entails close cooperation between a single European and a single Asian, as follows: (1) Partner 1, B. Rinkevich, Israel and Partner 6, H. Chansang, Thailand, are working on the reefs of Phuket Island, Thailand; (2) Partner 2, A. Edwards, UK and Partner 3, E. Gomez, the Philippines are working on Bolinao, the Philippines; (3) Parner 4, R. Danovaro, Italy and Partner 5, L.M. Chou, Singapore are working on Singapore reefs. Partner 1 is also working on the fourth reef site, Eilat, Red Sea, developing novel technologies for nubbins and coral branch mariculture (studying 3-D formation of developing coral colonies). 
The REEFRES consortium partners have teamed up to study the restoration of Indo-Pacific coral reefs and to develop the tools for reef restoration following the central strategy concept of “gardening of denuded reef areas’’. While we know that reef remediation or reef restoration should not replace reef protection as the first management option, the large areas of degraded reefs worldwide compel remediation and restoration actions. Major aims of REEFRES teams follow the two-step restoration protocols of the “gardening of denuded reef areas’’ rational. Under this tenet, first, a large pool of farmed corals and spats are established and cultured for several years in low-profile underwater nurseries and then, nursery-grown colonies are transplanted to degraded reef sites. The activities following the above rationale have already been employed for four years in situ, simultaneously, in four Indo-Pacific reef sites (RS): RS1 = Eilat, Red Sea; RS2 = Phuket, Thailand; RS3 = Singapore; RS4 = Bolinao, The Philippines; and under ex-situ conditions by the SME partner. Above in situ sites display reef areas suffering from tourist activities (RS 1, RS 2), sedimentation load (RS 3), fisheries (RS 4), and general pollution (RS 1, RS 2, RS 3). In one of the reef sites (RS 1) that had been set as reference, Partner 1 (the coordinator) is developing novel protocols for reef restoration that are being disseminated to the Asian partners for application in their local reef areas. In order to enhance the efficiency of project resources, the partners were teamed in pairs (Asian-EC), each pair working in a specific site area.

The REEFRES research has set up five major objectives, as follows:

1. 
Establish underwater coral nurseries specifically adapted to different Indo-Pacific reef localities.

2. 
Develop ubiquitous protocols for nubbin and spat usage in reef restoration.

3. 
Develop novel protocols (3-D structures in new colonies) for reef restoration.

4. 
Initiate and assess reef restoration by using different coral sources at locations where degradation has occurred. 

5.   
Transfer technology to Asian partners.

During the course of the REEFRES project, five types of knowledge transfer were successfully executed. The first was basic knowledge transfer, conducted during and after the kick-off meeting (training through seminars and field works field works in Thailand, the Philippines and Singapore). The other four knowledge transfer sessions took place during the consortium meetings, years 1-4. In conjunction with consortium meeting year 1 (January 2006 in Singapore), students from participating countries, including additional Asian countries (Indonesia), attended a knowledge transfer workshop. In the second consortium meeting (October 2006, in Thailand), the knowledge transfer was targeted to the hosting country, where both scientists and managers were exposed to knowledge, ideas, proposals for active measures and the rationale of the ‘gardening tenet’. In the third consortium meeting (October 2007, in the Philippines) we teamed up with another international group working on reef restoration (the World Bank /GEF project, the Restoration and Remediation Working Group) to establish two knowledge transfer sessions. The first was a student and post-doc workshop for local young scientists and several others invited young scientists, followed by the second activity, a regional workshop on reef restoration, given to scientists and managers from the Philippines, Thailand, Singapore, Indonesia, Malaysia and Vietnam. In this regional workshop, we aimed to share lessons learnt from scientific groups (REEFRES and World Bank) and from actual restoration projects. The participants were updated with the latest techniques and encouraged to try them in order to gain some hands-on experience in restoration. The final workshop day was devoted to discussions on the participants’ projects to gain common insight. The participants were invited to bring along a short presentation on their restoration activities and presented questions to a panel of scientists. In the 4th year meeting, a weeklong workshop at site No. 1 (September 2008 at Eilat, the Red Sea) has summarized the outcome of the 4-year study. About 30 students and scientists from eight countries (UK, Singapore, Thailand, Philippines, Italy, Holland, Tanzania, and Israel) participated in the workshop, which included lectures and fieldwork. Information has been transferred in the field (by documenting the outcomes for different types of nurseries development and maintenance, restoration protocols, results of the 4-year restoration, etc.) and in formal talks and discussions in which the consortium’s PIs summarized the results and analyzed the efficiency of the protocols. This last year knowledge transfer was also dedicated to a mutual work on writing a ‘restoration manual’. The manual, written together with an international consortium of scientists termed as the World-bank/GEF project, is planned to be distributed to other groups worldwide. The manual is also planned to summarize all results for reef restoration and all restoration activities in the four studied reef sites of the REEFRES project (RS1-RS4) during the four years of the project, together with the results obtained by World-bank/GEF group. 

Below are summaries of major work performed and end results, in the light of REEFRES objectives and the achievements of the project to the current state-of-the-art. The description is divided to the topics of the major project’s workpackages (excluding the described above knowledge transfer and management; figures and tables are numbered consequently within each chapter):
Evaluation of transplanted coral branches as a reef restoration tool (site 4)
The PI: Edgardo D. Gomez, The Marine Science Institute, University of the Philippines.
Project objectives:  The goal of this workpackage is to identify coral species that are most suitable for coral reef restoration activities following local disturbance such as tourist activities (diving, snorkelling), destructive fishing, and resort construction, taking into account the survival characteristics of transplanted coral branches and the minimisation of collateral damage to donor colonies. The specific objectives are:
1. To discover how important the choice of coral species is on the success of transplanted coral branches over a 3-year timeframe.

2.  To ascertain how the continued growth and reproduction of the donor colonies from which branches are excised to provide transplant material are affected.

3. To compare results to those obtained using alternative restoration strategies; specifically to results from next workpackage using “nubbins” rather than whole branches.

Work performed: To address the three main objectives of the workpackage, several experiments were carried out by project personnel and by graduate students who were partially supported by the project:
a. The importance of species selection in restoration. After preliminary experiments and reconnaissance dives in the Bolinao-Anda reef system in the northwestern Philippines in 2005, eleven common coral species were selected for experimentation as coral transplant materials.  For each species, 30 donor colonies and 30 control colonies were selected, tagged and mapped in the reef, after which replicate fragments (between 5 and 10 cm diameter) were excised from the donor colonies.  The fragments (total=550) were transplanted to a shallow lagoon by attaching them to dead giant clam shells arranged on elevated platforms (Figure 1). The fragments were initially monitored fortnightly to determine their time to self-attachment and, after about 7 months, were monitored every 6 months until October 2008.  Monitoring the transplants was also made every other week following a warming event in June 2007 that caused various degrees of bleaching in the transplants. The recovery of the corals from the bleaching was followed over several months.

b. Fragmentation stress on donor colonies. To determine if fragmentation is deleterious to corals, the donor colonies were monitored alongside control (undisturbed) colonies every six months for survival and growth from Dec 2005 to June 2008. This comparison of the survival of the donor colonies vs the control colonies was designed to detect possible negative effects of breakage or fragmentation on natural coral colonies.

In addition, support was given to a graduate student (in collaboration with GEF-RRWG) who studied the effects of fragmentation on both donor colonies and excised coral fragments.  Two branching coral species were compared in this study, namely, Acropora muricata and Hydnophora rigida. Fragments were taken from colonies of both species and were either transplanted to elevated nursery frames (experimental transplants) or transplanted within a meter from their respective donor colonies (control transplants). The transplants and donor colonies, along with a set of tagged control colonies, were monitored periodically for survival, growth and fecundity (egg counts and volume).

c. Comparison of branch transplants with other methods. At the same time the branch transplants were collected, smaller-sized fragments or “nubbins” (3-5 cm diameter) were likewise collected from the same donor colonies of the eleven species. These were also mounted on dead clam shells and maintained on elevated nursery frames. These transplants form part of the study of Workpackage 4. 

Together with GEF-World Bank project, support was also extended to another graduate student who set out to compare the performance of coral fragments initially reared in nursery frames vs those that were directly transplanted to the reef substrate. This 2-part study initially compared the growth and survival of coral fragments maintained on nursery frames with those of fragments cemented to bare coral rock.  The succeeding phase of the study then compared the performance of nursery-reared corals after transplantation to the reef substrate vs those that were directly transplanted to the reef from the wild.

Other restoration methods were also explored within the Workpackage, namely, the stabilization of rubble substrates with natural fiber nets to enhance coral recruitment and recruit survival and the transplantation of coral fragments on natural substrates without using adhesives (clearly the least costly among the methods tried to date), and the establishment of coral rescue stations to maintain unstabilized and naturally occurring coral fragments for use in future transplantation efforts.

Results achieved:  Data from the branch transplants as well as the donor and control colonies span almost 3 years, providing much insight into the dynamics of transplanted corals and intact natural colonies.
d. The eleven coral species displayed different characteristics over time, namely, growth rates, times to self attachment, sensitivity to elevated water temperature and irradiance, susceptibility to specific predators, and tolerance to algal overgrowth. A careful consideration of all these traits is critical in selecting the most appropriate species for transplantation. Results from the long-term monitoring of transplants support the notion that slow-growing corals survive better than fast-growing species. Although often used in restoration activities and experiments, fast-growing and fast-attaching species like Acropora muricata (Figure 1c-d) succumb easily to bleaching and predator grazing. At the end of the experiment, the slower-growing yet bleaching resilient species such as Heliopora coerulea and Porites lutea displayed the highest survival rates among the eleven species tested. These results address the first objective of the workpackage by highlighting that intrinsic species traits, other than growth rates, should be considered when selecting corals to use in transplantation. Resilient species survive better and longer than opportunistic species.

e. Almost counter intuitively, results showed that the control (undisturbed) coral colonies survived no better than donor (fragmented) colonies in the field, a clear indication that fragmentation stress need not be a significant cause of death among natural coral populations. This conclusion is corroborated by results from the collateral damage experiments by showing that different species respond variably to fragmentation in terms of growth, survival and fecundity. In these experiments, Hydnophora rigida showed no differences in the growth, survival and reproduction of the transplants and the whole colonies, whether fragmented (donors) or left undisturbed (controls). Acropora muricata, on the other hand, showed size-dependent fecundity (i.e., whole colonies produced more eggs than the transplants). However, the fecundity of the donors and controls of this species was the same. These results are summarized in Table 1.

f. When nursery-rearing and direct transplantation were compared, corals grown using the former method had higher growth rates and survival rates. However, when these nursery-reared corals were transplanted to natural substrates together with the directly transplanted fragments (collected from the wild), growth and survival rates of both treatments were not significantly different (Table 2).  This points to a need to improve the nursery protocol or find suitable species that are appropriate for the nursery-rearing step. 

Results from the substrate stabilization experiments (Figure 2a-c) showed an increase in corals, gastropods and echinoderms found in the plots stabilized by nets (particularly those with live clams and with coral transplants) compared with the control plots. This is indicative that the presence of corals and clams enhance the recruitment of corals and other organisms while the presence of the net prevents recruits from dying or from being swept away by strong currents or waves. 

The training workshops involving local stakeholders accomplished the transplantation of 1800 coral fragments (Figure 2d-f) of which a good percentage in terms of survival (70% of the 600 fragments from the first transplantation and 79% of the 1200 fragments from the second transplantation) was obtained. In addition, during the last training that targeted corals of opportunity inside selected marine protected areas, over 500 fragments were collected and successfully secured to rescue stations (Figure 2g-I). These corals will be used in future collaborative transplantation activities with coastal communities who have continued to show enthusiasm and cooperation with the project over the past 4 years.

Intentions for use and impact:  Attempts at effectively communicating the techniques developed and tested within the framework of the project to local communities have been initiated in order to help them learn how to better manage their reefs.  Preliminary activities (in the form of lectures and training workshops) have been carried out to achieve this and have so far been successful and have shown promise for collaborations with local stakeholders in the future. 
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Table 1.  Summary table showing different responses of Acropora muricata and Hydnophora rigida to fragmentation and transplantation.

	Variable
	Acropora 

muricata
	Hydnophora rigida

	Growth
	Control transplants

Nursery  >          Donor colonies

                     Control colonies
	=

	Survivorship
	Nursery  > Control transplants

Donor  = Control colonies
	=

	Fecundity
	[Control = Donor] > Large > Small
	=

	Fecundity vs Growth
	negative (r2=0.27; p < 0.05)
	n.s.

	Oocyte volume vs Growth
	negative (r2=0.29; p < 0.05)
	n.s.
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Dissemination and use: 
Results arising from the various experiments of this Workpackage have been presented in local and international meetings. All of the international venues include meetings and conferences among scientists and academics such as the Asia-Pacific Coral Reef Symposium (Hong Kong 2007), the 11th International Coral Reef Symposium (July 2008) and the annual workshops of REEFRES that personnel of Workpackage 3 attended (i.e., Singapore in 2006, Thailand in 2006 and Israel in 2008) or hosted (Bolinao, Philippines in 2007). Local dissemination of information, on the other hand, was done in a wide array of settings: in schools, in municipal meetings and forums, multi-sectoral gatherings, orientation presentations for visiting delegations at the Bolinao Marine Laboratory (Site 4), and local scientific meetings.  

Journal publications by the Workpackage or in collaboration with other Workpackages and projects (particularly, the GEF-World bank group) include:

Vicentuan KC, MV Baria, PC Cabaitan, RM Dizon, RD Villanueva, PM Aliño, ED Gomez, JR Guest, AJ Edwards and AJ Heyward. 2007. Multi-species spawning of corals in north-western Philippines. Coral Reefs 27: 83.  DOI 10.1007/s00338-007-0325-8
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Shaish L, G Levy, ED Gomez and B Rinkevich. 2008. Fixed and suspended coral nurseries in the Philippines: establishing the first step in the “gardening concept” of reef restoration. Journal of Experimental Marine Biology and Ecology 358: 86-97

Dizon RM, AJ Edwards and ED Gomez. 2008. Comparison of three types of adhesives in attaching coral transplants to clam shell substrates. Aquatic Conservation: Marine and Freshwater Ecosystems 18: 1140-1148

Guest JR, RM Dizon, AJ Edwards, C Franco and ED Gomez. (under 2nd review). How quickly do coral fragments ‘self-attach’ after transplantation? Restoration Ecology.
An important highlight of this workpackage  is its effort to effectively communicate the concept of reef restoration and cost-effective restoration techniques to local stakeholders.  Besides giving talks to various groups, as mentioned above, training courses were conducted among local fishers, students, teachers and officials in 2008.  These training activities involved the actual restoration of specific reef areas using an array of techniques. However, these hands-on activities were always preceded by lectures and open discussions in order to teach the whys and wherefores of restoration and to emphasize responsibility for every restoration effort. The attitude of this workpackage towards restoration has always been to seek non-destructive means (i.e., one does not destroy one reef just to save another) and to always keep the long-term clearly in sight (i.e., Reef restoration is a long series of small, yet sure and cumulative steps).

Contacts that were established with the local stakeholders during the 4-year duration of the project ensure a continued cooperation and collaboration with the local communities beyond the temporal limits of REEFRES.

Utilisation of nubbins for reef restoration using direct transplantation (site 4)

The PI:  A. J. Edwards, University of Newcastle upon Tyne, UK.
Project objectives:  The goal of this workpackage is to provide information on which coral species can be utilised to provide “nubbins” (small colony segments about 2 cm in diameter) for large-scale coral reef restoration activities following disturbances (such as ship groundings, resort construction, Crown-of-thorns starfish plagues, bleaching etc.) taking into account both survival characteristics of transplants and resilience of donor colonies. The specific objectives are:

1.  To discover whether coral “nubbins” (small branch tips or cores from massive colonies approximately 2 cm across) from both branching (e.g. Acropora and Pocillopora) and massive (e.g. Porites) coral species have adequate survival rates when transplanted directly to the reef (without nursery rearing). 

2.   To monitor the growth and survival of both the transplanted nubbins and their donor colonies to determine the efficacy of direct transplantation. 

3.   To compare results to the alternative restoration strategy (workpackage above) of using whole branches.

4.   To compare results with the success of nursery-reared nubbins being assessed in work packages dealing with nurseries in other locations.

In addition to the original objectives, we thought it important to look at sub-lethal effects of transplantation and instigated a study of the effect of fragmentation and transplantation on the growth and reproductive status of two of the transplant species, Acropora muricata and Hydnophora rigida. To achieve this we first needed to establish the normal reproductive patterns (i.e. timing, seasonality and spawning synchrony) of corals around Bolinao. 

Year 1 of the project was devoted to the setting up of the experiment and completing the baseline surveys of the transplants, control colonies and donor colonies (Fig. 1). These activities were completed in March 2006. The protocols for the monitoring of self-attachment, survival and growth of the transplanted nubbins, control and donor colonies as well as the commencement of studies into the effects of nubbin excision on the reproductive status of selected species of donor colonies were detailed in December 2006. Monitoring of survival and growth of transplants, donor and control colonies continued through Year 3 and 4 of the project, providing a unique 36-month dataset on the 11 coral species by the end of the project. In Year 3, a sea surface temperature (SST) warming event in June-July 2007, when lagoonal temperatures rose to 33°C (2°C above normal mean monthly maxima) and NOAA recorded 16 Degree Heating Weeks for north-west Luzon, caused considerable coral bleaching and mortality. This necessitated additional surveys to monitor recovery of corals from the bleaching but provided an opportunity to assess the relative susceptibility of the 11 species to elevated SSTs.
Reconnaissance of study site and initial methodological feasibility study

A reconnaissance visit to the University of the Philippines, Marine Science Institute, Bolinao Marine Laboratory study area was made March/April 2005 in order to assess the availability of donor colonies and sites suitable for transplantation experiments using dead giant clam (Tridacna gigas) shells (locally available as by-products of tridacnid mariculture) as standardised substrates. A short–list of species for transplantation experiments was drawn up and a test-transplantation was carried out using five common species. 
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Figure 1. Approximate locations of 3 source sites (stars) and 5 replicate transplant sites (rectangles).

Pilot study to select species and refine transplantation methodology: In June 2005, we started a six-month pilot study to compare the performance of three locally available types of adhesives, namely: cyanoacrylate glue (Loctite Superglue Gel – SG), underwater epoxy putty (Pioneer Epoxy Clay Aqua – EP) and marine epoxy resin (Pioneer Marine Epoxy – ME) in attaching coral nubbins (1-3 cm lengths) to dead Tridacna gigas shells. The three adhesives were compared in terms of ease of application, strength and duration of adhesion, survival of the nubbins and cost efficiency in using the adhesive. 

Twelve coral species were selected for the pilot experiment: (branching) Acropora muricata, Hydnophora rigida, Montipora digitata, Pocillopora damicornis, P. verrucosa, Porites cylindrica, P. nigrescens, Seriatopora caliendrum, Stylophora pistillata, (foliaceous) Pavona frondifera, (submassive) Heliopora coerulea and Porites rus. The results were reported in the journal Aquatic Conservation: Marine and Freshwater Ecosystems
.

These are summarised below:

1. Corals attached with SG showed a significantly higher rate of detachment (logrank test) than those attached with either EP or ME (P<0.001 in each case). Also, those attached with EP showed a higher rate of detachment than corals attached with ME (logrank=6.46, P<0.05).

2. ANOVA (P>0.05) and survival analysis (logrank=2.85, P>0.05) showed no among-adhesives differences in in-situ mortality. Among the species used, Porites cylindrica, Pavona frondifera, Heliopora coerulea and Porites rus had the highest survivorship with 82%, 80%, 76% and 73%, respectively, of nubbins alive at the end of the experiment and also displayed the highest cumulative rates of self-attachment. Species with the lowest survival rates included Acropora muricata and four pocilloporids.

3. Although there was no significant difference in the number of self-attaching transplants among the adhesives, corals transplanted using ME and EP self-attached earlier than those transplanted using SG (logrank=11.19, P<0.01).

4. Results from this study highlighted the importance of selecting the appropriate means of attaching corals to substrates and carefully considering species-specific traits of candidate corals for transplantation.

Based on the pilot experiment we decided to: 

1. Use ‘Pioneer Marine Aquaclay’ epoxy putty as the adhesive for initial attachment of nubbins. It combines high bonding efficiency with ease of use.

2. Only study one pocilloporid species (due to poor survival), with the commonest species in the lagoon (Pocillopora damicornis) being utilised. 

3. Concentrate on the 7 hardier species, which show best adaptation to lagoon conditions and some of which were abundant in the lagoon prior to the 1998 mass mortality.

4. Study two additional species, the massive Porites lutea, a key reef-building species which is relatively resilient during coral bleaching events, and the foliose faviid Echinopora lamellosa, which appeared to survive well in mid-water nursery culture in the Bolinao lagoon.

Main transplantation of nubbins onto standardised giant clam shell substrates

Based on the pilot experiment, surveys of corals in the lagoon and its fringing reef, and data on survivorship of coral nubbins in a mid-water nursery, we decided to transplant nubbins of 11 species of corals. These were: (branching) Acropora muricata, Hydnophora rigida, Montipora digitata, Pocillopora damicornis, Porites cylindrica, P. nigrescens; (foliaceous) Pavona frondifera, Echinopora lamellosa; (submassive) Heliopora coerulea, Porites rus; (massive) Porites lutea. This gives us two species of Acroporidae, one species of Helioporidae (non-scleractinian), four species of Poritidae, and one species each of Agariciidae, Merulinidae, Faviidae, and Pocilloporidae as well as a range of growth forms. 

The experimental design involved each giant clam shell having one nubbin of each of the 11 species transplanted onto it. Clam shells have been deployed on five PVC frames, each holding 10 shells (110 nubbins/frame) with 550 nubbins (50 per species) being deployed in total. The role of the frames is (a) to anchor the clam shells and (b) to raise the clam shells 0.5 m above the substrate to minimise sedimentation. Each PVC frame was deployed at one of five sites (2.9–3.4 m depth) in the Santiago Island lagoon. Sites were 50–220 m apart on sand patches surrounded by seagrass. The frames (3.0 m x 0.8 m) were constructed of PVC, wire mesh and monofilament wire fixed to an angle-iron platform hammered into the substrate. Fifty clam shells (lengths 500–550 mm) were selected as standard substrates for nubbin transplantation and nubbins were attached to these using ‘Pioneer Marine Aquaclay’ epoxy putty.

Four source sites for coral transplants were identified, surveyed and then utilised for donor and control colonies of the 11 selected species (see Fig. 1 for locations of three of these; the fourth site was near the Cory Sand Bar, north of Tandoyang Island, Magsaysay). The same donor colonies were used to provide nubbins for this workpackage as branches for the former WP so that relative performance of these transplants could be analysed on a matched-pairs basis. At each site, 1 to 4 baselines were laid using a 50-m tape measure, with metal stakes hammered into the substrate approximately every 5 m. Colonies of the selected species on or close to the baselines were tagged with pieces of stainless steel sheet (approx 10 mm x 50 mm) with an embossed four digit code representing the species and colony number.  Also, the distance along and distance from the baseline were recorded for each donor/control colony to facilitate their relocation. A total of 30 donor colonies and 30 control colonies were selected for each species (n=660: 330 donors, 330 controls), tagged and mapped between December 2005 and February 2006.  

Attachment rates, growth and survival of transplanted nubbins: A prime objective of the work was to assess the suitability of transplants from a range of species of varying growth forms for reef restoration. To this end, the survival, status (e.g. partial mortality, bleaching, predation) and growth rates of 50 small (mean initial diameter 2.7 cm) transplants of the 11 selected coral species were monitored over 3 years. In addition, since detachment is a significant factor in transplant loss, times to secure self-attachment by tissue growth over the substrate were also monitored over the first 7 months. 
Methods and materials

Survival and status: Status surveys of the nubbins (small fragments) were conducted after about one month and then approximately every two weeks for the first six months of the experiment to examine survival, rate of self-attachment and status (partial mortality, bleaching, disease, predation, detachment). Subsequently status surveys were conducted quarterly. Growth was measured semi-annually. In June 2007 a warming event occurred at the transplant site that caused extensive coral bleaching among the transplants. This event provided an opportunity to examine the relative resistance and recovery of the coral transplants. During each survey, if required, the shells were cleaned, living detached transplants were reattached, and predators were removed.  Partial mortality and bleaching was estimated to ±5% of the coral surface area. Dead coral was classified as newly dead white skeleton or dead coral with algae. For predators such as Drupella sp., Coralliophila sp. (corallivorous snails), Phestilla sibogae (a corallivorous nudibranch), Culcita sp. (a cushion star) and Acanthaster planci (Crown-of-thorns starfish), both their presence on the clam-shell substrate (small predators) or on the frame (large predators), and whether there was evidence of grazing of the transplant were recorded. 

Self-attachment: For the first 7 months, at each status survey, the self-attachment rate of the nubbins was assessed by estimating the proportion of the base of each nubbin that had attached to the substrate by tissue growth. A score from 0 to 3 was assigned to represent different attachment states (0 = no attachment, 1 = <33% of base attached, 2 = 34-66% of base attached, 3 = >66% of base attached) (Fig. 2). Thus it was possible to track the progress of self-attachment of each nubbin over time. Since most Acropora muricata were fully self-attached by the time of the first survey, a separate experiment was later conducted with three fast-attaching species (Acropora muricata, A. digitifera and A. hyacinthus) to resolve their time-course to attachment. For the second experiment, percentage of self-attachment around the base was estimated for each fragment using a transparent disc (5 cm diameter) divided into 20 (5%) segments. Basal attachment was monitored every 3–4 days for the duration of this study (34 days) to examine small scale differences among species. The Kaplan-Meier function was used to examine rates of self-attachment. Time to self-attachment for each species was calculated as the median time, i.e. number of days for 50% of fragments to self-attach. Pairwise comparisons were performed using the log-rank test to determine if self-attachment rates differed significantly among species (α = 0.05).

Growth: Growth rates of the nubbins were estimated by measuring each fragment in three dimensions at the start of the experiment and subsequently every six months. Measurement was done with plastic Vernier callipers (150 mm ±0.1 mm). For each nubbin the three measurements were: the maximum diameter, a second measurement perpendicular and height from the substrate. All data were entered into a Microsoft Access database to facilitate retrieval and manipulation of data. Photographs were also taken of each transplant at each survey using an Olympus C7070 digital camera in an Ikelite underwater housing with an external Ikelite DS50 flash. A scale bar (plastic ruler) was included in each photograph. 

Results and Discussion

Self-attachment times of transplants: The results of the studies of self-attachment have been submitted to the journal Restoration Ecology and a revised manuscript is currently in final review
.

Small fragments

Self-attachment was observed in all species, however the curves for time to self-attachment varied significantly among species (Wilcoxon = 263.0, p<0.001) (Fig. 2).  A. muricata had a significantly faster self-attachment time compared to all other species (Wilcoxon = 22.1, p<0.001) with a median self-attachment time of 38.5 days (i.e. number of days for 50% of fragments to reach self-attachment stage 3) (Fig. 2). Bases of fragments readily self-attached, forming ‘discs’ of tissue typically 2 to 3 cm in diameter by the end of the first study. E. lamellosa had the slowest self-attachment time with a median time of 167 days and was significantly slower than all other species except P. lutea and P. frondifera (Fig. 2). Pairwise comparisons revealed four groups of species that had similar self-attachment times as follows: group 1 (P. cylindrica, P. rus, P. damicornis and H. coerulea), group 2 (H. coerulea and M. digitata), group 3 (M. digitata, P. nigrescens, H. rigida, P. lutea, P. frondifera) and group 4 (P. lutea, P. frondifera and E. lamellosa) . Within each group, self-attachment times were not significantly different. 
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Figure 2. Cumulative self-attachment curves for small fragments of eleven species in the first experiment. Curves show the cumulative proportion (%) of fragments for each species that reached self-attachment stage 3 (i.e. >66% of base tissue self-attached) over time (days).

Second experiment with fast-attaching species

Significant differences in time to first attachment and time to 100% attachment were observed among the Acropora species (Wilcoxon = 14.35 and 42.90, p<0.001 and p< 0.001 respectively). For the three Acropora species time to first attachment, i.e. from the beginning of the experiment (day 0) until the first basal tissue was generated, was significantly faster for fragments of A. hyacinthus and A. digitifera (7 days) than for A. muricata (10 days). Similarly, median times to 100% attachment was significantly faster for A. hyacinthus and A. digitifera (16 days) than for A. muricata (24 days) (Fig. 3). By the end of the experiment (day 34), only A. muricata still had fragments that were not completely attached to new substrata.


Figure 3. Cumulative self-attachment curves for fragments of three fast attaching Acropora species in the second experiment. Curves show cumulative percentage of fragments for each of the species that achieved full-attachment against time (days).
Implications for practice

· Knowledge about self-attachment times is useful for reef restoration practitioners when selecting appropriate species for coral transplantation efforts.

· If the transplant site is subjected to seasonal storms or wave surge coral transplants should have time to fully self-attach before the onset of rough weather.

· The self-attachment times presented here are for transplants that were artificially attached with epoxy in a relatively calm, protected environment. Self-attachment times may be longer at exposed sites or if no artificial attachment (e.g. adhesives, wire or cable ties) is used to provide initial stability for the transplants.

· Knowledge about self-attachment times is valuable, but rapid self-attachment is probably not the most important criterion when selecting species as fast-attachment is not necessarily a good predictor of survival.

Survival of small transplants

Approximately 3 years after transplantation, total mortality among the small transplants was 35% (n = 550). All transplants of Acropora muricata, Echinopora lamellosa and Porites cylindrica had perished while survival ranged from 10% to 96% for the remaining species (Fig. 5). Much of the mortality occurred following a bleaching event in during June and July/August 2007 when sea surface temperatures at the transplant sites remained above 31°C for about two weeks. 

Species could be grouped into 4 categories: 
1) those resistant to bleaching: Heliopora coerulea, Porites lutea, Pavona frondifera, Porites rus (Fig. 4); 2) moderately good survivors at 18 mo which suffered slightly from the bleaching: Porites nigrescens, Montipora digitata; 3) moderately good survivors at 18 mo which suffered heavy mortality as a result of bleaching: Hydnophora rigida, Porites cylindrica, Pocillopora damicornis, Echinopora lamellosa; and 4) poor survivors (60% mortality prior to the bleaching event) which were wiped out by the bleaching: Acropora muricata.
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Figure 5. Survival curves for small transplants of 11 coral species over 36 months (n = 50). The warming anomaly occurred approx. 18 months after transplantation, causing extensive bleaching and subsequent mortality.
Growth of small transplants: Growth rates (mean radial growth mm yr-1) ranged from 7.71 mm yr-1 for Heliopora coerulea to 43.29 mm yr-1 for Acropora muricata (Fig. 6). Branching species generally had the highest radial growth rates, although the sub-massive species Porites rus had the fourth highest radial growth (Fig. 6) mostly because this species produced a wide encrusting base. Slow growing species with poor survivorship such as Echinopora lamellosa should clearly be avoided in reef restoration, whereas fast growing species with poor survivorship such as Acropora muricata and Pocillopora damicornis which generally recruit well naturally, may also be poor candidates for restoration. The submassive and branching poritids and Hydnophora rigida combined reasonable growth rates with relatively low mortality prior to the bleaching event. If one could identify related species or genotypes within such species with lower bleaching susceptibility, these would provide excellent candidates for transplantation. There was a significant negative correlation between mean survival time and mean radial growth rate for the eleven species used in this study indicating that transplants of slow growing species tended to survive better than those of faster growing species. This suggests that coral transplantation efforts should focus on slower growing species and identification of hardier fast growing species/genotypes. Survival of small fragments were compared to large fragments to examine whether larger fragments tend to survive better than smaller fragments. There was a significant difference (p<0.001) in survival time between large and small fragments up until 18 months post-transplantation (before the bleaching) however when small and large fragments were compared over 36 months there was no significant differences in survival times (p>0.05). This suggests that creating more small fragments from the starting material would have been a better strategy for restoration.
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Figure 6. Comparison of mean radial growth rates (mm.y-1) and % mortalities (white squares) after 18 months for the 11 species of small transplants. Porites cylindrica, Hydnophora rigida and Echinopora lamellosa were hit particularly badly by the June-July 2007 bleaching with mortalities rising to 90-100% 36 months after transplantation.
Growth and survival of donor and control colonies: Transplants have generally been considered to be at greater risk of dying than undisturbed colonies and may also suffer reduced growth or fecundity following the stress of transplantation. Also there are concerns that donor colonies used as sources of ramets for transplantation may be put at increased risk of dying or perhaps suffer sub-lethal effects such as reduced fecundity or growth. To investigate these issues, 660 donor and control colonies were monitored to allow comparison of transplant, donor and control survival and growth. The 330 donor and 330 control colonies were monitored approximately every six months. On each monitoring occasion colonies were located using the mapping system and linear dimensions of each colony were measured using 1-m stainless steel Vernier callipers. A plan-view photograph of each colony was taken from above including a ‘flipchart’ label consisting of a piece of white acrylic (161 mm x 55 mm) attached to a diving weight and a circular disc of blue plastic (40 mm) to provide a secondary scale for measurement. Photographs were taken with an Olympus digital camera in an Ikelite underwater housing with an external flash. Colony status (i.e. survival, partial mortality, disease, bleaching, predation, fragmentation and detachment) were recorded for each colony at each survey. If a colony could not be located, the colony was classified as missing. The proportions of the colony with partial mortality or bleaching were estimated to ±5%. 

Results and Discussion

Of the 330 control and 330 donor colonies, 430 (65%) were lost to the study by the final survey in April/May 2008 due to mortality, detachment from the substrate or missing tags. A total of 214 donor colonies (65%) and 215 control colonies (65%) were dead, detached or missing. Survival curves comparing donors and controls (all species pooled) showed no significant differences in survival times (p>0.05). The similarity in numbers missing or dead demonstrates that the donor colonies, from which fragments were taken, did not perform worse than natural colonies that were left untouched, although short-term sub-lethal effects such as reduced fecundity of donor colonies cannot be ruled out. Interestingly, the mortality rate of donor and control colonies (28.6%) after 18 months (prior to the bleaching event in mid-2007) was almost twice that of the large and small transplants (14.6%). However, by the end of the study there was no significant difference with 45.8% mortality versus 41.6% for the transplants. The important result was that the semi-nursery conditions for the transplants (on clam shells raised 0.5 m above the seabed), survival was better than either their parent colonies or adjacent controls prior to the bleaching. Thus transplants did not under these conditions have a lower life expectancy as the literature suggests.

Monitoring sea temperature at study sites: A major cause of coral mass-mortality is elevated sea temperature. Anomalous warming tends to occur in Philippines in years of El Niño Southern Oscillation events. To monitor sea temperature we installed underwater temperature loggers placed permanently at the colony source sites and the transplant sites (Fig. 1) in February 2006 (July 2006 for Cory Sand Bar). Data from the loggers was downloaded approximately every three months using Box Car Pro v 4.3 (Onset Computer Corp., Massachusetts) and was downloaded more frequently during the warming event. The temperature records assist in narrowing down causes of mortality of donors, transplants and controls (Fig. 7).
By 12 July 2007, 53% of the transplants were either partially bleached, pale or completely bleached. By 7 August mortality had doubled from May to 33%, and 44% of transplants were either partially bleached, pale or completely bleached. By 25 September almost half (45%) of the transplants were dead and 21% were partially or fully bleached. The most sensitive species were A. muricata (100% mortality) and E. lamellosa (96% mortality). P. damicornis, P. cylindrica and H. rigida also had relatively high mortality after bleaching (74%, 66% and 62% respectively). Three species - H. coerulea, P. lutea and M. digitata - exhibited relatively good recovery. The most bleaching-resistant species was P. frondifera with only two individuals
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Figure 7. Sea temperature (°C) from the transplant site at Silaki Island. Values are daily averages based on recordings taken every two hours. Dashed lines indicate where temperature remained above 31°C and 32°C. During 2007 temperatures remained above 31°C for prolonged periods, leading to bleaching and mortality of transplants (see inset).
By 12 July 2007, 53% of the transplants were either partially bleached, pale or completely bleached. By 7 August mortality had doubled from May to 33%, and 44% of transplants were either partially bleached, pale or completely bleached. By 25 September almost half (45%) of the transplants were dead and 21% were partially or fully bleached. The most sensitive species were A. muricata (100% mortality) and E. lamellosa (96% mortality). P. damicornis, P. cylindrica and H. rigida also had relatively high mortality after bleaching (74%, 66% and 62% respectively). Three species - H. coerulea, P. lutea and M. digitata - exhibited relatively good recovery. The most bleaching-resistant species was P. frondifera with only two individuals showing signs of bleaching. A paper entitled Susceptibility to bleaching of 11 species of coral transplant during the 2007 warming event in Philippines is being prepared for publication in a journal.

Effects of ramet excision on reproductive status of donor colonies: Little was known about the reproduction of corals in the Philippines. In order to understand the effects of ramet excision on the reproductive status of donor colonies and be able to monitor the time to maturity for transplanted ramets, we carried out a study of coral reproduction at site 4. The main focus was on discovering at what time of year species can be expected to contain ripe gametes and spawn. A greater understanding of coral reproductive patterns (i.e. timing, seasonality and synchrony) will benefit efforts to understand, manage and restore degraded coral reefs. The effect of fragmentation and transplantation on the reproduction of H. rigida and A. muricata was examined once their reproductive periodicity had been elucidated. Sampling of Acropora corals was carried out at Malilnep channel and Anda Island to assess reproductive timing. Reproductive status was assessed by noting the presence or absence of pigmented visible oocytes in fractured branches. Colonies that contain visible, pigmented eggs are likely to spawn on or shortly after the subsequent full moon. Night dives were carried out during the week following the full moons of 15 March and 14 April 2006; and 2 April, 2 May and 1 June 2007. Surveys involved divers patrolling a belt transect (approximately 4 m x 100 m) between 19:00h and 22:00h and tagging and noting any spawning colonies. A total of 40 colonies of both H. rigida and A. muricata were identified and tagged in 2006. 20 were used as source colonies and 20 as controls. 6 small fragments (3-5 cm) and 6 large fragments (6-10 cm) were removed from each donor colony and were transplanted to two different locations: at the source site (as controls), and at the transplantation site north of Silaqui Island. Samples of H. rigida were collected at Malilnep reef and those of A. muricata at Cory Sand Bar bi-monthly over one year and were fixed using standard procedures. Fecundity and reproductive effort of the donor and control colonies as well as the fragments were examined by dissecting 10 randomly selected polyps, and measuring and counting the gonads directly under a dissecting microscope. Growth (linear extension, mm) and survival of all transplants, donors and controls were monitored throughout the study.
Results: The preliminary results of the 2006 and 2007 rapid surveys and in situ spawning observations were published in the journal Coral Reefs
. Prior to the full moon in March 2006, 22 sampled Acropora species (67% of colonies, n = 208) contained white or pigmented oocytes large suggesting a seasonal peak in reproduction from March to May. Multi-species coral spawning was observed during all of the months of observation except in April 2007 and a total of 36 scleractinian species were observed to broadcast spawned. A full paper on the timing of reproduction in Bolinao is in preparation.

Effects of fragmentation and transplantation on reproduction:Initial results indicate different responses to fragmentation by the two studied species. Survival, growth and reproductive output of half of the donor colonies and transplants were examined in March 2007 (4 months after fragmentation and transplantation), prior to the predicted spawning dates. A. muricata and H. rigida fragments transplanted in the lagoon had 100% survival rate after 4 months, compared to the control transplants attached to reef adjacent to donor colonies (67-78%). This was due to the absence of both human (e.g. breakage/dislodgement due to fishing activities) and natural (e.g., predation by crown-of-thorns starfish, strong surge) disturbances in the protected lagoon area. Growth rates of A. muricata were significantly higher at the transplant site compared to the source site but not significantly different for H. rigida transplants. For both species, the reproductive output of the donor colonies did not differ significantly from the control colonies implying that fragment removal had no negative effect on the energy budgets of the donor colonies. For A. muricata, the reproductive output was significantly higher among the donor colonies compared to the transplanted fragments.  For H. rigida, the reproductive effort among colonies was similar for all colony sizes (i.e., whole colonies and transplants). Growth rate was negatively correlated with reproduction for A. muricata but not for H. rigida.  This suggests that there is a trade off between growth and reproduction for A. muricata but not for H. rigida.
Establishing ex-situ technology for rearing coral colonies from nubbins (site 1)

The PI: S. Shafir, Red Sea Corals, Ltd., Israel (an SME).
Project objectives: 
1.  Develop ex situ protocols for improved maintenance of coral nubbins and coral spats

2.  Find best conditions for spats and nubbins’ fast growth rates

3.  Develop colony architectures similar to those obtained in naturally grown colonies 

Red Sea Coral is involved mainly in the REEFRES project WP5 aspiring to develop an ex-situ agriculture corals nursery and to compare it to in-situ activities that are performed by the REEFRES partners. The objectives were to compare the visibility of growing in mass production corals colonies that will be source material for coral reef restoration. There are many monumental differences between ex-situ to in-situ coral nursery and we were focusing on maintenance parameters as: Light, Water quality, Temperature and Feeding. The ex-situ coral nursery was constructed at Kibbutz Saar, on the northern Mediterranean shore of Israel. The ex-situ nursery is a totally closed system and without any connection to the sea. The nursery is build from transparent plastic that lets through 95% of the sun light but blocks completely UV penetration. Light is neutral and corresponding to the local day/night cycle. The main filter system was manufactured by Tropical Marine Center Ltd., England. The system includes filter bags that catch all visible particles, sand filters and bio-filters to remove ammonia and nitrite, and protein skimmer to remove organic wastes. The water is sterilized with UV lamps and the temperature is controlled by separate heating and cooling systems. All the experiments were preformed using the Nubbins assay (Shafir et al. 2006) that was modify.

Improving nubbins’ protocol
Nubbins are minute fragments consisting of one to several polyps of ca. 0.25 cm2 to 0.5 cm2, depending on the coral species. 
Nubbin protocol: Prepare a holding tank with fresh seawater at ambient temperature and sufficient amount of substrate to glue the nubbins (we use plastic pins; 9cm long, 0.3-0.6cm wide leg with a 2cm diameter "head"; Red-Sea Corals LTD., Israel; Fig. 1a). 

Cutting a coral colony into nubbins: This procedure can be performed on coral fragments either submerged in seawater or exposed to the air. Wear gloves to minimize damage to coral tissues. Use the electrician cutter to cut medium (3-5cm) and small size (1-3cm) ramets from donor coral colony (we routinely use Stylophora pistillata and Pocillopora damicornis; Fig. 1b). Cut each ramet into 0.5cm wide slice fragments (Fig. 1c,d); then, halve each slice (Fig. 1e). If the slice is large enough, it can be divided into four quarters (4 nubbins). Leave the newly formed nubbins in the seawater tank for a few minutes and let the water wash away unattached small tissue and skeleton remains (Fig. 1f). 

Nubbins attachment: This should be performed out of the water. Place the plastic pin vertically in a holding net and slowly add a small drop of super-glue onto the plastic pinhead (Fig. 1g). Take a nubbin out of the water with a forceps and, place it with the exposed skeleton on the paper towel to soak excess water and to dry the exposed nubbin skeleton (Fig. 1h). Place the nubbin’s exposed skeleton on the super-glue drop with the use of forceps (Fig. 1i). No need to press the nubbin against the plastic. Repeat this procedure with more nubbins. Wait ca. 10sec., check attachment by gently stroking the plastic pin against the table. Fix detached nubbins. Place the substrate with the nubbins into a holding device and immerse it in seawater tank. During the process, the nubbins should not be exposed to air for longer than one minute.
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Fig. 1: Detailed protocols for developing coral nubbins for restoration use.

Water quality: The ex-situ coral nursery seawater was tested for two main sources: pump treated sea water and artificial sea water. Sea water pump directly from the sea were tested for the following parameters: salinity, temperature, nutrients (PO4, NH4, NO3 and NO2) level, calcium and magnesium concentration, pH and alkalinity. Suitable sea water was introduce slowly to the system to balance their temperature. The advantages of using pumped sea water are: low price, richness in plankton and richness with trace elements. The disadvantages of using seawater are: lake of quality stability, technical problem of pumping and shipping the water to the nursery. 

Artificial sea water is easy to prepare; needed are reverse osmosis water and marine aquarium salt. The advantages of using artificial sea water were: easy, on demand preparation, high quality water. Disadvantages: high price of the salt and reverse osmosis water, lake of trace elements and plankton. After examining the quality of the pump and artificial sea water and taking into consideration all the advantages and disadvantages of each source we decided that we prefer pump sea water after quality approval and that was our main water source with ready on hand artificial sea water for need times. 

Life Supporting System – LLS: Water quality is maintained in the ex-situ nursery with complex filters and additives.  LLS combines a reservoir tank that holds and treats the water consistently (Fig. 2 a,b1). The water flows from the tables through filter begs (Fig. 2 b2) that stop all particles from going into the tank. The soluble parts are been treated with sand filter (Fig 2 a3), bio-bulb wet-dry filter (Fig 2 a4), and then with protein skimmer that bubble out all proteins (Fig. 2a5). The water are sterilized with UV lamps (Fig. 2 a,b6) and heated with a titanium heater (Fig. 2 b7). At summer time a large cooler keep the water temperature at 25±1°C. Calcium is added for coral skeleton growth by calc-wasser (Fig. 2 a8) and calcium reactor (Fig. 2 a9). Salinity was kept at 35-37 ppt by constant adding of reverse osmosis water to compensate for evaporating water. Temperature, pH and salinity were followed X2 a day, calcium, nitrate, nitrite, phosphate and alkalinity - once a week. System maintenance: Salinity 35-37 ppt, 25±1°C, pH 8.2-8.3, calcium 400-470 mg/l, nitrate, nitrite and phosphate below sea ambient levels. 
Fig. 2: Life Supporting System. 1- reservoir tank, 2- filter begs, 3- sand filter, 4- bio-bulb wet-dry filter, 5- protein skimmer, 6- UV lamps, 7- titanium heater, 8- calcwasser, 9- calcium reactor.


Light: Several experiments were preformed to evaluate the influence of irradiation on the corals performances and growth. The light conditions of the UV protected green house and the white cultivation tables were examined. The objectives were to fined out the influence of the UV, the influence of reflections from the white tables and the influence of the amount of irradiation. The tested corals were divided among six treatments: 1- expose white tank inside the UV protected green house, 2 - expose white tank with black wall and bottom inside the UV protected green house, 3 – Artificial light white tank, 4 – Artificial light white tank with black wall and bottom, 5 – deep tank outdoor the green house without UV protection, 6 - deep tank inside the UV protected green house.

There was no significant difference in survivorship or in growth between the treatments. The main influence of the light as shown in Fig. 3 was on the concentration of the symbiotic algae – the zooxanthellae in the coral's tissue, which is reflected in the colour of the colonies. 
Fig. 3: Pocillopora damicornis small colonies cultured for half a year in the different light regimes.



In an artificial light test that examined two light sources, fragments from three coral species, Stylophora pistillata, Pocillopora damicornis and Acropora valida were placed under two different light system: 1. Fluorescent bulbs Floura, Blue-blue, Cool white that together yield 690 lux. 2. T5 bulbs compose of 2 white bulbs 10,000k and 1 ocean blue bulb that together yield 2730 lux. All other conditions were the same for both lights. Ecological volume measurements at day 229 and calculation of the growth factor K (Fig. 4).

Fig. 4: Growth factor K comparisons for the 3 corals species between fluorescent and T5 lights. 
There is a significance different (T-test P<0.01) of the growth factor K between the lights. Pocillopora and Acropora showed significant deference while Stylophora ramets did not. The stronger lux of the T5 and may be also better spectrum was expressed in the higher growth factor.

Food: Food has significant contribution to corals growth (Bongiorni et al. 2003, Shafir et al. 2006). We presume that the main substance that coral lake is protein and we decided to fine an efficient and less costly way to provide it to the ex-situ corals. We concentrated on applying 70% protein fish flour. We applied the fish flour in different ways.

1. Batch of fine crushed 70% fish flour: 0.5, 1, 1.5 and 2 gram dissolved in 50 ml seawater showed harmful affect to the corals in correlation with the quantities. 

2.  Batch of fine crushed 70% fish flour: 0.5, 0.25, 0.1 and 0.05 gram showed lower survivorship in the 0.5 gram of 70% protein fish flour but high survivorship on the lower concentration. We found high correlation between the amount of food and added ecological volume of the coral colonies (Fig. 5).

We build a feeding operation that continuously fed the corals with different amount of 250 µ mesh 70% protein fish flour. The new way of coral feeding by constant feeding reveal high correlation between the feeding amount and the added ecological volume (Fig. 6).

Fig. 5: Added ecological volume of Pocillopora damicornis coral colonies at day 222 at correlation with the different feeding regimes.
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Fig. 6: Correlation between ecological growth and feeding amount.
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Water flow experiment: We have been testing the underwater nursery phase of the "gardening concept" for the last five years and found that one of the major sets of conditions that significantly contribute to the success of the nursery is water movement. The mid-water floating nursery enables the entire nursery to sway in the water column constantly, increasing water flow around the farmed colonies. The movements enhance photosynthesis, coral metabolism, oxygen supply, and removal of sediment and particles from coral colonies.

We tested in an ex-situ nursery conditions the contribution of different water movements to coral growth. 

Three different water movements were apply on Pocillopora damicornis fragments.

1. Siphon Bucket that push large amount of water (60 liter) in the whole water column creating a water flow of about 1m/min, 2. "Tsunami", an apparatus that contains 50 liter of water that when spilled, it creates waves in the shallow water and form a water flow of about 2m/min, 3. Coral movement – a Wiper: corals trays were attached to electric wiper that moved the entire colonies in the water in a speed of about 2m/min and 4. Control – circulating water from the LSS system creates a water flow in the shallow water of about 2m/min. Eight months the corals growth under the different water flow condition, added ecological volume and growth constant – K were calculated (Fig. 7).

We found the movement of the whole colony as it occur in the mid-water in-situ coral nursery (here was mimicked by the wiper treatment), is the best water movement for farming the corals. Both added ecological volume and K were enhanced under this condition as compared to the other 3 maintenance conditions.
Fig. 7: Growth rate constant – K
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Conclusions:

1. Sea water quality has a major influence on the survivorship of corals in an ex-situ nursery and it must be daily controlled.

2. Light affects corals growth but only in low irradiation. In high irradiation it may affect coral's colours. The adjustment of zooxanthellae to light regimes moderates the influence.

3. Food may contribute to corals growth but must be apply in small particles and continuously.

4. Water flow contributes to coral growth and the movement of the whole colony in the water column provides the best results.
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Studying the 3-D structures of growing fragments
The PI:  B. Rinkevich, National Institute of Oceanography, Haifa, Israel.
Project objectives: 
1. Study the rules of architectural complexity of branching coral species

2.  Study 3-D architectural outcomes of spat development

3. Find the branch type best suitable for transplantation, obtained in naturally grown colonies
Progress towards objectives: We studied coral colonies architectures. Understanding the rules of architectural complexity of branching coral species, their morphogenesis, and its generation, are of the most fascinating and fundamental subjects in developmental biology. This issue is of general importance to coral farming and coral reef restoration, as coral colonies provide the basic structural form for the reef. Past observations found that the body form of a coral colony is based on: (1) tessellation of basic units (modules) that are arranged in various hierarchical orders, enabling the formation of unlimited structures and body plans; (2) expressed responses to various physical and biological challenges. Therefore, environmental parameters may change significantly the colonial structures of corals. The structural hierarchy in corals consists of up to three levels of organization. First order modules - the zooids (in corals, the polyps); second order modules - grouped zooids arranged in replicated patterns (such as branches in branching corals); and the third order modules - the daughter colonies or ramets. The first and the third order modules (the zooids and the colony levels) have captured most scientific interest. A fundamental requirement for understanding development is apprehension of the relationships between genes and morphologies. Such relationships are elucidated, experimentally, by several methodologies. One of the approaches is based on follow-up protocols of growth patterns of isolated branches or nubbins (fragments in size of a single to few polyps). Modification of the developed phenotypes may be quantitatively analyzed to establish common rules. In this study, we work on the model branching form, Stylophora pistillata. In this colonial coral species, the developing colony responds to the environment by sets of morphometric rules that “canalize” growth patterns to the observed typical species morphology. This was first demonstrated by broken S. pistillata colonies whose lost spherical structure is regained by a differential growth pattern; fast growth rates in regenerating parts, together with reduced growth rates in the intact branches. The growth of a colony in this species also reveals the existence of feedback mechanisms that “consider” current shapes and future growth within an architectural scheme of a preplanned colonial astogeny. These include changes in growth directionality of isogeneic branches that risk contiguity; the retreat growth phenomenon recorded occasionally between confronting allogeneic branches; or the process of apical ramification in branches. 

The Indo-Pacific branching coral Stylophora pistillata (Fig. 1a,b) is fast growing and important reef builder, characterized by sphere-like architectural symmetry and variety of color morphs. Polyps (each approximates 1 mm in diameter) are added by inter-tentacular budding. Astogeny is arranged by axial growth form of existing branches and by integrated developmental processes of new up-growing branches (UGBs) that are added primarily by dichotomous fission at a branch-tip and inward- and outward-facing lateral branches (LGBs), together forming the three-dimensional (3D) spherical symmetry (Fig. 1a). The apex of each UGB or LB axis comprises several contiguous polyps. While inward-facing LGBs cease to grow at a certain point, avoiding isogenic fusions with UGB branches, outward-facing LGBs develop similar to UGBs, adding more ecological volume to the colony’s spherical structure. As in other coral species the developing S. pistillata colony responds to the environment by sets of morphometric rules. 
During the course of the research we employed 4 different sets of experiments (Fig. 2). Experiments were conducted in Eilat, Israel. In the first experiment, 10 adult S. pistillata colonies (marked by letters A to J), 15-20 cm diameter each, were carefully chiselled out from a depth of 7 m. Each colony represented a single genet, as colonial fragments of this species in Eilat do not develop to mature adult colonies. Colonies were incubated in transparent plastic bags with alizarin Red S solution for 12 h in situ (15 ppm). During labelling, tips of branches, the major site for calcification, were stained with red dye. Then, new branches grew as white calcium carbonate areas above the red lines. After two weeks of post-labelling acclimation period, 10 single-tip branches of 2-4 cm each, were removed from each colony by wire cutters and attached with plastic clips to underwater nursery tables that were placed at depth of 7 m, under identical in situ conditions. Sixty-three fragments survived the entire duration of the experiment (1 y) and developed into small colonies. At that stage, colonies were brought to the laboratory and their tissues were removed by immersion in household bleach for 24 h. 

Figure 1. In situ developed architectures of Stylophora pistillata colonies. (a) The typical hemispherical architecture of a colony growing on natural substrate; (b) A spherical architecture of S. pistillata colony growing on the tip of an iron bar. Dash lines depict colony EV.
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Fig. 2. Sets of experiments conducted on 3D astogenic structures of S. pistillata colonies.
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Fifteen morphometric parameters (MPs; Table 1) from each of the 63 colonies were measured and analyzed. These MPs were subjected to Draftsman plot analysis, in order to find and omit pairs of parameters sharing high degree of correlation with each other (p>0.95); meaning that they did not contribute additional information to the data analysis. The measurements were taken with digital calliper to the nearest 0.01 mm and data was stored using EXCEL software. The morphometric parameters describe either, (a) the colony level, such as initial height, added height, width, length, ecological volume, total number of branches, the ratio of skeletal volume to ecological volume, average volume per branch and Ω; or (b) the branch level, such as branch average length, up-growing or lateral-growing branches, total bifurcations and branch order (Table 1). We characterized branch order using Reverse Strahler order system, by which branches are ranked on the basis of the number of branching events from the original, primary branch. 

[image: image12.png]TABLE 1. Average (+SD) Values for the 15 Morphometric Parameters (See Table 5; Parameter Nx Is Detailed for N2 and N3)
Measured for Each of the 10 S. pistillata Genotype:
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 In this study, we identified two “types” of architectural strategies, represented by two subpopulations of S. pistillata genotypes, in addition to two intermediate groups. These architectural designs described the detailed trajectory of branch to colony trajectory, during an astogeny window of one-year. Each of the above architectural designs was characterized by specific morphometric parameters. However, a comprehensive analysis of all characteristics attributed to the four subgroups revealed that they might not have presented different growth strategists but a continuum of a single developmental process (Fig. 3). Colonies that had the fastest growth rates showed, after one year of development, the characters of subgroup II(b) genotypes whereas the slowest growing colonies were subgroup I(b) genotypes (Fig. 3). Colonies with average growth rates were in intermediate phases. It is therefore suggested that during the development of a branch fragment to a colony, the fragment “transformed” from one developmental design to the other (stages in Fig. 3) and the differences between the two extreme morphological subgroups reflected differences between developmental stages caused by different growth rates of the genotypes, within the experimental window of one year and not necessarily different developmental strategies. 

While the colony astogeny in S. pistillata is a continuous developmental plan, we can define at least three early distinct phases, as schematically illustrated in Fig. 3. After one year of growth, slow growing S. pistillata colonies will present the ”time 0 to phase X” (Fig. 3) pattern of development as group I(b) colonies (H, I and J; Figs. 2b, 4a). These colonies will show fast vertical growth, initiation of many side branches of order 2, minimal added ecological volume and limited average ecological volume per branch, exhibited by high ratio of skeletal to ecological volume. The two intermediate subgroups (I(a), II(a)) depict the developmental characteristics illustrated by moving from phase X to phase X+1 (Fig. 3). During this developmental step, the branches reduce vertical growth rates and intensify lateral extension that lead to an increased ecological volume. Thereafter, the initiation of higher order of branches is enhanced by bifurcation of UGBs and LGs and the development of a more complex branching system. The skeletal to ecological volume ratio decreases, revealing the formation of more space between the branches. Fast growing S. pistillata colonies (group II(b)) show, after one year of growth, the characteristics illustrated by moving from phase X+1 to phase X+2 (Fig. 3). They reveal the same rate of vertical extension as in slow growing colonies, but increased values for all other growth parameters. Above architectural stages of development are only part of the repertoire (not yet completely elucidated) of developmental stages in the astogeny from branch to well developed colony. 

Fig. 3. A schematic illustration of architectural trajectory from single S. pistillata branches into small colonies. The one-year “window” of development reveals, at least, four different major architectural stages of growth (0, X, X+1, X+2) and three connecting phases to which the 10 S. pistillata genotypes are assigned. Phase 0 to X - is characterized by fast lateral growth and many new side initiations. Phase X to X+1 - is characterized by an increase in ecological volume, by extending through lateral dimension, and bifurcation of branches. Phase X+1 to X+2 is characterized by an augmentation of the ecological volume, by bifurcation of older branches to new generation of branches, while lateral elongation of the colony is reduced. The morphological parameters characteristic to each step are detailed.
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In the second and third experiments (Fig. 2) we examined 16 morphometric parameters on 136 one-year old S. pistillata colonies (of seven genotypes), originating from small fragments belonging, each, to one of three single-branch types (single tips, start-up, and advanced bifurcating tips) or to structural preparative manipulations (representing a single or two growth axes). Experiments were guided by the rationale that in colonial forms, complexity of evolving phenotypic plasticity can be associated with a degree of structural modularity, where shapes are approached by erecting iterative growth patterns at different levels of coral-colony organization. Analyses revealed plastic morphometric characters at branch level, and predetermined morphometric traits at colony level (only single trait exhibited plasticity under extreme manipulation state). Therefore, under the experimental manipulations of these experiments, phenotypic plasticity in S. pistillata appears to be related to branch level of organization, whereas colony traits are controlled by predetermined genetic architectural rules (Fig. 4). Each level of organization undergoes its own mode of astogeny. However, depending on the original ramet structure, the spherical 3-D colonial architecture in this species, is orchestrated and assembled by both, developmental trajectories at the branch level, and traits at the colony level of organization (fig.4). In nature, branching colonial forms are often subjected to harsh environmental conditions that cause fragmentation of colony into ramets of different sizes and structures. Developmental traits that are plastic, responding to fragment structure and are not predetermine in controlling astogeny, allow formation of species-specific architecture product through integrated but variable developmental routes. This adaptive plasticity or regeneration is an efficient mechanism by which isolated fragments of branching coral species cope with external environmental forces. 
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Figure 4: Phenotypic plasticity for the tested morphometric parameters (at the branch and the colonial levels) illustrated by one-year ex situ growth of different preparative shapes. MP - Morphological parameter; S – Parameters found significantly different between preparative (p<0.05); N.S. - Parameters found non-significantly different between preparative (p>0.05).

In the 4th set of experiments, 81 branches of similar size of the hermatypic coral Stylophora pistillata were lopped of three different genets, their skeletons marked with alizarin red-S, and divided haphazardly into three morphometric treatment groups: (I) upright position; (II) horizontal position, intact tip; and (III) horizontal position, cut tip (Fig. 2). After 1y of in-situ growth, the 45 surviving ramets were brought to the laboratory, their tissues removed and their architectures analyzed by 22 morphological parameters (MPs). We found that within 1y, isolated branches developed into small coral colonies by growing new branches from all branch termini, in all directions (Fig. 5). No architectural dissimilarity was assigned among the three studied genets of treatment I colonies. However, a major architectural disparity between treatment I colonies and colonies of treatments II and III was documented as the development of mirror structures from both sides of treatments II and III settings as compared to tip-borne architectures in treatment I colonies. We did not observe apical dominance since fragments grew equally from all branch sides without documented dominant polarity along branch axis. In treatment II colonies, no MP for new branches originating either from tips or from branch bases differed significantly. In treatment III colonies, growth from the cut tip areas was significantly lower compared to the base, again, suggesting lack of apical dominance in this species (Fig. 5). 
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Figure 5: Delineation of the treatment effect within and among genotypes. Growth trajectories in pictures: Thick black lines mark the original branch, arrows reveal initial tip location, thin lines represent N2 branches, dash lines N3. Red lines mark the initial branch size. Intermediate = significantly different from the lowest and the highest values. 

Changes in branch polarity revealed genet associated plasticity, which in one of the studied genets, led to enhanced growth. Different genets exhibited canalization flexibility of growth patterns towards either lateral growth, or branch axis extension (skeletal weight and not porosity was measured). This study revealed that colony astogeny in S. pistillata is a regulated process expressed through programmed events and not directly related to simple energy trade-off principles or to environmental conditions, and that branch polarity and apical dominance do not dictate colony astogeny. Therefore, plasticity and astogenic disparities encompass a diversity of genetic (fixed and flexible) induced responses.
Evaluation of larval and branch recruitment as reef restoration tools (site 2)
The PI: H. Chansang and N. Thongtham, Phuket Marine Biological Centre, Thailand.
Project objectives:  
1. To develop techniques of increasing the effectiveness of coral rehabilitation and transplantation by different methods.

2. To share and learn concepts and techniques on coral rehabilitation from different countries and apply them to Thailand’s coastal environment.

3. To provide an opportunity for junior Thai researchers to work with scientists from different countries.

Two Thai research assistants (one holding a master’s degree and the other a bachelor’s degree) were hired to help with the work under the REEFRES project, as PMBC is a government agency under the Department of Marine and Coastal Resources, and has only a marine biologist working on coral reefs rehabilitation along the Andaman Sea of Thailand. It is thus necessary to hire research assistants to work for the project.

The work of Phuket Marine Biological Centre (PMBC) related to the REEFRES project can be divided into 2 main activities, as follows: 

1. Activities under the proposal to the REEFRES project, which included 2 research work and hosting the 2nd annual meeting and workshop, which was held in Sep-Oct 2006.

2. Studies and activities conducted later, which resulted from the knowledge and experiences we had gained from working and sharing experiences with other partners during the meeting and workshop and particularly from working with our Israeli partner.

1. Activities under the proposal to the REEFRES project.  

a) A study on the effects of surface texture of artificial substrate on coral recruitment;

b) A study on the suitable size of the massive coral, Porites lutea, for transplanting to a degraded reef at Maiton Island.

The objective of the first study was to increase the effectiveness of artificial substrate for coral rehabilitation by using 4 types of surface texture of artificial reef, which are smooth, rough, large corrugate and small corrugate (Fig.1). Three hundred and twenty pieces of the four types of artificial substrate were dropped at the study site, which was on sandy substrate near coral patches at Maiton Island, Phuket (Fig. 2), and they were arranged by volunteer divers in the right position before randomly marking 10 of each type of substrate for monitoring. The monitoring was done every 3-4 months for about 2 years. The species of corals which settled on the substrates were identified, their colony diameters were measured and their positions were mapped. 

It was found that coral larvae could be observed by naked eye 4 months after installation. Porites spp. and Pocillopora damicornis were the first species found on the substrate while Acropora spp. was found 6 months after installation. After 600 days, more than 19 species of 2,537 colonies were found on all types of artificial substrate. Porites lutea was the most dominant species both in terms of colony number and area cover, followed by Acropora spp. and Pocillopora damicornis. The colony number and area cover of corals on all types of substrate increased with time.  In 4-17 months, there was no difference in the colony number and area cover of corals on all types of substrates. About 20 months after the artificial substrates were installed, the number of coral colonies attached on rough surface type was significantly lower than those attached on small corrugate type, probably because the latter type had more crevices.

The objective of the second research topic, which is on Poites lutea transplantation (Fig. 3), was to find the appropriate initial size of Porites fragments and unattached colonies for transplantation. We collected 45 replicates of each of 3 fragment sizes - small, medium and large size - from Porites mother colonies and collected about the same sizes of free, unattached Porites colonies from the sea floor, then attached them on hollow blocks using quick drying cement. Mortality and detaching of all corals were monitored every 3-4 months as well as their diameter and height.
The study indicated that medium size fragments and unattached colonies had the highest percentage of survival, followed by large size while the small size coral fragments had very low percentage of survival. Most of them became loose from the substrate during the monsoon season. Our findings showed that both fragments and unattached colonies of Porites can be used for transplantation. Medium size coral fragments (3.5*3.5 cm) are best suit for transplantation as they grow nearly as fast as the large fragments and have the highest chances of survival. At the same time, using medium size fragments puts less stress on donor coral than large fragments. It is better to use unattached colonies for transplantation as most of them will be buried by sand if left alone. Medium size colonies have the highest % of survival. Small size corals have the fastest growth rate, thus all sizes of unattached colonies are almost of the same diameter after one year.

Another activity under the proposal was to host an annual meeting. The PMBC hosted the 2nd REEFRES annual meeting, which was held in September-October 2006. We also took this opportunity to organize a workshop on coral rehabilitation for Thai researchers and academics who work under the same field of interest, with some scientists participating in the REEFRES meeting as guest lecturers. There were 29 participants from various research institutions in Thailand including researchers from different sectors of the Department of Marine and Coastal Resources, Chulalongkorn University, Burapha University, Walailak University, Kasertsart University, Ramkamhaeng University, Phuket Rajabhat University and private sectors and NGOs participating in reef restoration activities. The workshop was held for 4 days and included lectures, presentation of papers by guest lecturers on subjects ranging from ecological approaches to restoration of damaged reef habitats, the scale of the problem, the status and prospects for restoration technologies, to coral transplantation in the Red Sea and coral restoration experiences by researchers working in the Philippines, Singapore and Thailand. The lectures included coral reproduction through sexual/asexual means, and restoration work after the tsunami. 
The rationale of holding the workshop was for Thai researchers to have the opportunity to learn from foreign experts as well as to share their experiences. Altogether there were 40 participants. Thai participants were mainly from research institutions and universities. The subjects of discussion and presentation were mainly theories and research findings on reef restoration in different countries. Demonstration of nubbin transplantation was conducted by our Israel colleagues and participants had the opportunity to practice this new technique. On the last day of the meeting, Thai participants held a workshop which served as a forum for scientists to share and exchange knowledge, ideas and experiences; and to brainstorm ideas on criteria to be followed in restoration of coral reefs in Thai waters.
2. The studies and activities which were conducted later
Apart from the work proposed to the project, we also assisted in contractor No. 1 (Israel National Institute of Oceanography)’s experimental work, which included establishing coral nurseries at Cape Panwa and Hae Island off Phuket, and participating in coral transplantation activities in degraded areas of Phai Island in Krabi Province. In the first year of the project, more than 10,500 fragments of different species of coral were used for the nursery. Most of the corals from the first year’s experiment were used to rehabilitate a degraded reef at Phai Island where the coral was destroyed by the 2004 tsunami. However, most of the fragments were washed away by waves. Some corals grew very well although parts of the colonies were covered by filamentous blue-green algae. It was also found that natural recovery was very high in this area.

In the following years, new sets of corals from the nurseries, numbering about 2,250 fragments, were used in different experiments on the effects of genotype, species, and size of fragments on rehabilitation in different locations (Fig. 4). The work was done under the same workpackage, with Thai research assistants helping in the experiment and in monitoring the transplanted corals throughout the study.

The technology transfer was very successful as we learned a lot from participating in the REEFRES project through annual meetings, workshops and particularly from working with our Israeli colleagues, who introduced the underwater floating nursery. After participating in these activities, Thai research assistants conducted many experiments in order to adjust some techniques of coral floating nursery, which originated from the Red Sea, to Thailand’s coastal environment condition, particularly in coral degraded areas affected by heavy sediments loaded from the mainland. There were 5 experiments carried out by Thai researchers under the project: a study on resilient coral species for rehabilitation in sediment affected area, suitable size of different coral species used for nursery in turbid water, appropriate method for coral growth determination, growth and survival of different species of coral in two rehabilitation sites after transplantation.

 Results from those studies indicated that Acropora aspera, A. formosa, A. pulchra, Montipora aequituberculata, Pocillopora damicornis, Porites rus, and Hydnopora rigida can be used for growing in nursery in turbid water area at Cape Panwa as well as other sites at Phi Phi Islands (Fig. 5). Initial sizes of coral fragments to start the coral nursery varied according to different species but in general, large size fragments had a higher rate of survival than the smaller fragments; for example, the appropriate size of Acropora spp. fragment used in nursery in turbid water environment should be larger than 2 cm, while that of P. damicornis should be larger than 5 cm. To measure the growth of coral fragments in the nursery, 2 methods -- weight increase and linear extension -- were compared. It was found that both techniques showed the same trend of linear growth. The linear extension method was more practical than the other as the corals did not have to be disturbed by removing them from the nursery for weighing. 

For transplanting corals to degraded reef after one year in the nursery, A. formosa, A. aspera, M. digitata and H. rigida were used. Survival and growth were measured for 6 months.   A. formosa and H. rigida showed high survival rate of over 80%, A. aspera showed lower survival rate, and M. digitata showed very low survival rate of 20 %. A. formosa and H. rigida showed a statistically significant increase in colony height and ecological volume,  whereas A. aspera only showed significant increase in ecological volume. 

Knowledge dissemination and application for the public

Results of our research work under the REEFRES project were also presented at both national and international conferences. Two papers were presented at the Thailand Marine Science Conference in August 2008 and are due to be published (in Thai) in the proceedings; 3 papers were presented as oral and poster at the 11th International Coral Reef Symposium in Fort Lauderdale, Florida, USA, in July 2008, with 2 papers  submitted for publication in the proceedings. The nursery set-up procedures and the results from the coral nursery experiment were published in Thai as a technical paper. A summary of coral rehabilitation activities on Thailand’s side of the Andaman Sea, including our work under the REEFRES project, was reviewed and presented at the Ministry of Natural Resources and Environment Conference in September 2008 and a paper was submitted (in Thai) to be published in its proceedings.
Applying the knowledge gained from participating in the project, since 2006 the PMBC has set up floating nurseries at 2 locations of Phi Phi Islands assisted by members of diving companies and a hotel on the island as well as volunteer divers from various places. More than 3,000 coral fragments were produced from those nurseries and used for transplantation activities to rehabilitate degraded reefs at Phi Phi Islands to celebrate the King’s birthday in December every year since 2006 (Figs. 6,7). 



PMBC also did a lot of activities on knowledge dissemination through lectures, meetings, poster exhibitions, and giving TV, radio and newspaper interviews (Fig. 8). We arranged several workshops on coral conservation and rehabilitation for hotel staff, volunteer divers, and overseas university students (Fig. 9). We also established a new rehabilitation site with public participation at Loh Ba Kao Bay in Phi Phi Don Island. 

Recently we arranged exhibitions on coral rehabilitation, gave lectures on coral rehabilitation concept, and arranged panel discussions on coral rehabilitation activities in Thailand to mark the International Year of the Reef 2008. Finally, a guidebook on coral rehabilitation in Thailand will be published at the end of the project. Containing a summary of the coral rehabilitation methods we used in our studies in the Andaman Sea, this book will provide reef scientists and managers the opportunity to glean significant information from previous activities and provide them with the opportunity to build on the lessons learned and to develop successful coral restoration efforts in Thailand in the future.

Evaluation of transplantation of coral nubbins as a reef restoration tool (site 3)
The PI: R. Danovaro, CoNISMa-Polytechnic University of Marche, Italy
Project objectives:  
1. Discover whether coral “nubbins” from both branching (e.g. Acropora and Pocillopora) and massive (e.g. Favia, Porites) coral species have adequate survival rates when transplanted into underwater nursery facilities. 

2.  Monitor growth and survival of both transplanted nubbins and their donor colonies to determine the efficacy of direct transplantation. 

3.  Compare results with the successful nursery-reared nubbins assessed in other reef sites.
The efficiency of coral reef restoration in a highly degraded reef area (Singapore) was tested and results compared to sites which were less impacted (i.e. Pukhet and Bolinao). The idea was to apply the “coral gardening strategy” which simulate terrestrial forest plantation. This strategy consists in the establishment of in situ nurseries in which small coral fragments (nubbins) are reared to an appropriate size before being transferred to natural reefs. During July  and January 2005, over 3000 small fragments (nubbins) pruned from 14 different massive, sub-massive and branching coral species were deployed in two in situ nurseries in St. John and Lazarus islands (Singapore, Fig. 1). Donor colonies were marked for future health monitoring. Corals were first attached to ad plastic pins with a drop of cyanoacrilate superglue following published procedures, then fixed with plastic frames to fixed nurseries.  At the same time, other corals’ (e.g. foliose species) were deployed in the nursery and raised on different holding substrates (e.g. nets, different sizes of PVC holding devices, Fig. 1). In order to test the effect of organic matter-augmentation to corals’ growth, one of the nurseries was set in proximity of fish farm pens (Lazarus island). Number of coral nubbins survived, detached and dead were monitored periodically. A subset of nubbins (n=10) from each coral species and genotype were tagged and photographed periodically with a digital camera (10.1 M pixel resolution) by inserting the coral-holding pin into a frame fixed to a scale-bare on the side. Coral photographs were analyzed by TINA 2.0 software package. For each nubbin, height (h), and width, major (l) and minor (w) diameters, and ecological volume, approximating the corals shape to a cylinder, sphere or semi-sphere, were measured. Local conditions were monitored by in situ measurements of mass fluxes obtained with sediments traps. Overall, Lazarus-fish farm was characterized by significantly higher downward fluxes of total mass, proteins and carbohydrates compared to St. John (ANOVA, p<0.05). In order to test the efficiency of an acclimatization period in aquarium before nursery rearing, another subset of nubbins was transferred in tanks of the Sentosa-aquarium. 



Figure 1. In situ nurseries (A), different morphotypes of corals maricultured (B, C), measurements of growth rates (D).
Results indicated that after 380 mariculture days in the fix nurseries coral survival rate was on average below 40% and significantly differed among species. In the Singapore nurseries the one-year survival rates of farmed corals were lower compared to rates yielded in other localities, like in Eilat (Red Sea). Corals’ mortality rates in Singapore were higher during the first nine months of mariculture, suggesting the existence of a critical fragment size. The nurseries in Singapore were affected by environmental constraints as the heavy sedimentation rates and fouling growing on the down side of the nurseries increased weight of structures and pins holding the corals and thus increasing their instability. The initial ex situ mariculture phase was not feasible in Singapore since growth rates in aquarium facilities were significantly slower than in situ facilities. Corals’ growth rates in Singapore resulted comparable or even higher than those reported in other medium-to-high nutrient enriched conditions (Red Sea, Thailand). Corals’ growth rates increased thousand-folds and significantly varied among coral species and nursery locations. Massive and submassive species displayed lower growth, but higher survival rates than branching corals. From this phase we concluded that among the species tested only three A. millepora, the submassive species P. sillimaniana were most suitable for nursery rearing. 
Additional experiments were carried on to test different growing conditions (vertical vs horizontal coral orientation, different nubbins sizes). In order to estimate the growth performance of nubbins with different initial size, 900 nubbins of the best growing branching species Acropora valida (n=300), Pocillopora damicornis (n=300) and the massive Porites lutea (n=300), were deployed in the nurseries in June 2006. For each species three genotypes were used to make nubbins of two different size classes: i) 0.5-1.5 cm diameter (for branching and massive species respectively) and ii) 2-3 cm diameter. For all size classes (n =2), all genotypes (n=3) and species (n=3), 3 replicated plots of 8 nubbins each (corresponding to a total of 432 nubbins) were deployed and left in in situ nurseries for 6 months. During this period the growth, survivorship and detachment rates were monitored every 2 months. No difference in survival and detachment rates were observed between different initial sizes of the nubbins.
Simultaneously other experiments were performed in order to estimate the effect of nursery type (floating vs fix) on the final growth and survival. To do this, during June 2007, a floating nursery was deployed at about 3 m depth (same depth of fix nursery) near the existing fixed nursery in St. John Island. After 5 months mariculture, the growth rates of Acropora and Pocillopora nubbins grown in the floating nurseries were significantly higher (up to two-folds) then in the fixed one. No significant differences in the growth rate of Porites lutea were observed in the two nurseries.  
In order to test the second stage of the gardening technique, several hundreds corals (8-10 cm diameter) from different massive and branching species growth for 1 and 2 years in nurseries  were transplanted in denuded reef knolls of three different reef sites (Fig. 2). Colonies were arranged randomly as mixed species plots, along a transect on the reef slope (3 m depth) of St.John and Semakau island. During October 2007, colonies were transplanted on the shallow reef flat (1-2 m depth) of Pulau Hantu islands, and arranged in replicated plots assigned to 5 different level of diversity: branching, massive and submassive monospecies, mix 3-species, and mix 7 species plots. Plots were monitored up to at least nine months for survival, bleaching, detachment, health status and invertebrate colonization (Figs. 2,3). Nine months after transplantation only 24% of transplanted corals survived in St John island, revealed the less favourable site for coral transplantation. Coral survivorship was significantly higher in Semakau and Pulau Hantu (average 80% after ca. 200 d) and in this last site was higher in mix species compared to mono species plots. In all sites the percentage of colonies displaying bleaching decreased with time, likely due to the progressive coral acclimatization to the new conditions. Massive and submassive species (Porites, Hydnophora, Diploastrea) displayed higher survival rates than branching corals (Pocillopora, Montipora, Acropora). 
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Figure 2. Final transplantation of colonies which were raised in the nurseries to in situ denuded reef knolls. 
Percentage of colonies hosting invertebrates increased from 10 to 24% in between 240 days after transplantation. Differences in term of survival were detected among sites and coral species. The best survivorship found for massive and submassive species is consistent with the general view that massive slow-growing coral forms are more tolerant to extreme conditions. This result suggests that massive corals might be use as framework builders during rehabilitation of degraded coral reefs. With the exception of the massive coral Porites lutea, the mixed-species assemblages displayed longer survivorship than the mono-specific plots, thus suggesting that more fragile species (such as branching forms) have more chances to face environmental disturbance when associated with more resilient coral species. Overall, the results emphasize that the success of coral gardening and transplantation in Singapore is either species- and site-specific.

Figure 3. Trasplanted plots  in the reef flat of Pulau Hantu (A) and reef slope of Semakau islands (B).
The PI completed the in situ monitoring of nubbins reared in nurseries including experiments to test the effect of different initial nubbins’ sizes and floating vs fix nursery conditions on the coral s’ performance. In addition small colonies growing in the nurseries were transplanted to 3 different in situ denuded reefs. Data on transplanted coral growth, survival and colonization rates were collected during the fourth year and processed. All work was performed with the help of local partner (NUS). Project methodologies for local coral nubbins preparation, nursery and the monitoring methodological tools to verify the suitability of all the techniques tested were transferred from partner 4 to local partner (NUS) during the project. Knowledge transfer will provide local partner with tools to continue and improve actual restoration actions and plan future ones. In addition the transplantation of hundreds of corals’ colonies during 2007-2008 have provided local partner with an experimental set up that will be used as baseline for long term monitoring and will provide  a more precise evaluation of the success of coral transplantation and the gardening restoration technique in Singapore.

All results obtained and processed during the entire project were used to set up cost-benefit balance analysis finalized to obtain an effective reef restoration protocol in the face of anthropogenic impacts and global-warming. The majority of results obtained during the four years REEFRES project were elaborated and compared to results obtained in other restoration sites have been included and presented as materials for dissemination in the form of join scientific publications and join manual of protocols. All information will be available as published materials to scientists and stakeholders. 
Evaluation of transplantation of coral nubbins as a reef restoration tool (sites 1, 2)

The PI: B. Rinkevich, National Institute of Oceanography, Israel
Objectives:
1. Discover whether coral “nubbins” from both branching (e.g. Acropora and Pocillopora) and massive (e.g. Favia, Porites) coral species have adequate survival rates when transplanted into underwater nursery facilities. 

2. Monitor the growth and survival of both the transplanted nubbins and their donor colonies to determine the efficacy of direct transplantation. 

3. Compare results with the success of nursery-reared nubbins assessed in other workpackages.

 Progress towards objectives:
Two floating nurseries (Fig. 1) were built in Phuket in the year of 2005. The first was installed near the pier at PMBC (Phuket Marine Biological Center), a shallow protected area rich with nutrients and high sedimentation. The second site was near the Island (Ko) of Hae, sheltered form the north east monsoon, just out of the tourist's resort restricted swimming area. The constructed floating nursery was made of a flexible plastic construction allowing the nursery to move to all directions by waves and currents. This structure provides better water and nutrient fluxes to farmed coral colonies, improving feeding and waste and sediment disposal. Donor colonies were selected at maximum depth of  6 m. Parts of massive colonies were broken-off with a hammer and chisel and carried by basket to the boat; in the branching species only the top 2-4 cm of the branch were removed with a side cutter. For the branching species A. formosa and Montipora digitata a 10 mm flexible plastic pipe 4 cm long was used. The fragments were inserted by forceps into the pipe and a drop of superglue around its rim secured them from falling off. The other specie forms, massive (Porites rus) and encrusting (Echinopora lamellosa) species were glued onto 8 cm x10 cm plastic dense mesh. The meshes were then connected by telephone wires to the PVC tray meshes; the plastic pipes were inserted into the meshes that connected to the PVC trays. 


Figure 1: scheme of floating nursery structure
Total of 6574 and 2611 fragments were installed during 2005 in the Ko Hae and Pier nurseries, respectively. After one year, Ko-Hae nursery survival rates was species-specific with significant differences between the different species; A. formosa having the highest survival rates (81.6 ± 7.8%) and P. rus having the lowest (34 ± 13.3%). Growth rates were measured from pictures using IT (Image Tool) soft-wear. Results show genotype specific growth rates for all species and nice growth rates (Fig. 2).

Figure 2. A. formosa in Ko Hae nursery few months after installation

In the PMBC Pier nursery results show inability of all species to acclimate to the harsh conditions of high sedimentation and low light in this nursery. All fragments in the nursery died during three months from deployment. A. formosa was most susceptible to these conditions and all fragments died during the first month, in many cases the tissue pealed off the skeleton. For the other three species, P. damicornis P. rus and M. aequituberculata, all fragments died during the next 80 days of rearing. For the process of refilling the nurseries, in Ko Hae nursery the chosen species were the same species which were used in the first year (A. formosa and M. aequituberculata) for comparison reasons, but P. rus was excluded because of the high mortality rates; instead P. damicornis was used in larger quantities. These new genotypes were added to the remaining colonies which were not transplanted and left in the nursery from 2005 for further growing, (these colonies are marked under *2005 in table 1). A reciprocal experiment was conducted using two source sites, one the reef slope in Ko Hae (the same source site that was used in the first year), and the other the reef table at the PMBC Pier. Three colonies of P. damicornis, an abundant species in both areas, were collected from each source location, fragmented and deployed in both nurseries.

	Genotype

                  Species
	P. damicornis
	M. aequituberculata

   2006          * 2005
	A. Formosa

  2006           *2005
	P. rus

2005

	A
	(from pier) 218
	353
	308
	229
	156
	12

	B
	(from pier) 233
	353
	282
	210
	80
	32

	C
	(from pier) 289
	355
	354
	285
	
	221

	D
	(from Ko Hae) 217
	
	251
	
	

	E
	(from Ko Hae) 212
	
	
	

	F
	(from Ko Hae) 214
	
	
	

	Total
	1383
	1061
	1195
	724
	236
	265


Table 1: Number of fragments of the different genotypes for each species in the nursery at Ko Hae from two consecutive years. Total of 4864 fragments. * The "old" genotypes from 2005 are different than the new ones from 2006.

In the second year of rearing no significant differences were found between species both for survival and detachment rates. When comparing between survival and detachment rates of the first years' rearing (2005) to the second (2006), significant differences were found for survival rates but not for detachment (Fig. 3). 

Figure 3. Average survivorship and detachment rates of the different species during the first and second years’ nursery rearing in Ko Hae nursery (these are the same genotypes which were left for rearing after the first years’ transplantation)

The growth pattern in the second year of nursery rearing was very different from the first year. A. formosa which in the first year grew in the width and height dimension in a similar ratio showed lateral growth with a big addition in width compared to height in the second. M. aequituberculata and P. rus which in the first year showed negative average growth, further revealed positive growth in the second year. The colonies which managed to survive grew stronger and were able to cope with competition. Some colonies of P. rus achieved a 3D colony structure.
Three transplantation experiments were designed to test different ecological and genetic influences on transplants: (a) Extension of the reciprocal experiment: In 2006 fragments from three donor colonies of P. damicornis from the two nursery locations (at very different environmental conditions in terms of sedimentation, light and nutrient concentration) were collected. Fragments were deployed in both nurseries in a reciprocal manner, to see the acclimating effect on the fragments. In 2007 the grown colonies from both nurseries were transplanted in a reciprocal manner again, to see the acclimating effect of the transplantation on the colonies from the different origins and different nursery rearing locations. (b) Super-organism experiment: Two species of Acropora, A. aspera and A. pulchra, were transplanted in mono-genotype and poly-species quadrates in high proximity, so colonies would touch each other after a short time of growth. This was performed in order to see if the mono-genotype dense transplantation creates advantages known for super-organism big, complex 3D composition colonies, in terms of survival and growth, and if there are significant differences between mono and poly-species quadrates concerning these parameters and recruitment of other coral species. (c) Size experiment: In order to see the influence of the border effect on success of transplanted colonies in terms of survival and growth of transplants and recruitment of corals, two sizes of quadrates were designed: small quadrate (each 1 x 1m) and large quadrates (each 2 x 2m). The hierarchy of dominance between different species, established by xenorecognition interactions, and the type of interspecies and intraspecies reactions, is a very important factor in the transplantation design. Therefore, the distribution of species throughout the quadrates was planed in a way that all species will "meet" and interact with each other, in order to evaluate the hierarchy and type of interaction between the different species used in this experiment. 
In the reciprocal transplantation, P. damicornis were collected from the reef table next to PMBC Pier and the reef slope in Ko Hae, representing different conditions of sedimentation and light, and reciprocally deployed in the two nurseries. Survival and detachment rates revealed no significant differences between the overall average survival and detachment rates of P. damicornis between the nurseries at the Pier and in Ko Hae (Fig. 4). When comparing genotypes from the same origin which were reared in the two different nurseries, no significant differences were found. However when comparing survival rates of the genotypes originating from the Pier to the ones originating from Ko Hae the later showed significantly higher survivorship and lower detachment, in both nurseries. Interestingly, all genotypes grew faster at the pier nursery. 

 Figure 4: average survival and detachment of P. damicornis in the two nurseries    
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We developed and tested a new technique developed for transplanting on rubble substrate. In this method, we used a simple iron mesh usually used for cement floors, which was cut into 1 x 1m squares (Fig. 5a). The standard size of the holes in the mesh is 20 x 20cm. a piece of 4cm was cut out of the horizontal bars of the mesh leaving 8cm on each side. Then 3cm of the bars left were bent in 90º upwards to create a peg, leaving 10cm distance between pegs, in order to achieve 10cm distance in the vertical direction too, two meshes with upright pegs were welded to each other in the desired distance. The vertical bars were left untouched to keep the rigidity and shape of the quadrate (Fig 5b). When poly-species quadrates were developed, each iron peg was colour marked by a band, specific to each species (Fig. 5c). To create the large quadrate, four small square quadrates were put one next to each other on the sea substrate. In the transplantation phase an acclimation advantage is evident for colonies that were reared in harsh conditions in the Pier nursery. 

Figure 5: Preparation of iron mesh, a) cutting the mesh to a 1x1 squares; b) bending 3cm pegs out of the mesh in the desirable distances; c) an example of an iron mesh frame 1x1 square with 10cm distance between pegs ready for deploying underwater. Marked iron pegs with different color markers, each color represents a different species.

Although it is evident that colonies originating from Ko Hae are performing better than the ones originating from the Pier after one year, there is a bias, because all quadrates that were transplanted on the shallower end of the slope at the pier site died in one event seven months after transplantation. This event caused mortality of the majority of P. damicornis colonies growing naturally on the reef table in this area and is probably the consequence of a very low "low tide" leaving colonies exposed on a hot day for a long time out of the water. It is clear from the number and size of natural colonies of P. damicornis growing naturally in this area that events like these are rare. Unfortunately more quadrates originating from the pier as a source site were located in this area. Nevertheless, for the quadrates that remained, it is clear that for the colonies originating from Ko Hae source site the ones reared in the Pier nursery did much better after a transplantation period of one year. When looking only on the first four months (before the high mortality event) it is evident that colonies reared in the Pier nursery from both source sites did better then the ones reared in Ko Hea nursery, in both transplantation sites. Furthermore the colonies originating from the Pier source site which were inferior in terms of survival to the ones originating from Ko Hae in the nursery phase did better in the transplantation phase in both transplantation sites during the first four months, emphasizing the acclimating effect of the nursery. It is also evident that in the nursery phase the genetic factor seems dominant in terms of survival and growth rates. 
Evaluation of larval recruitment on artificial and natural substrata (site 3)
The PI: C.L. Ming, National University of Singapore.

Project objectives:  
The overall aim of this work package is to investigate the benefits of coral planula recruitment induced by coralline algae-extracts to reef restoration, and compare it with natural recruitment processes. This approach makes use of loose coral rubble covered naturally with coralline algae, which is abundant on impacted reefs throughout Singapore. They are crushed and used to make settlement plates to determine the efficacy of this treatment on larval recruitment. Three kinds of substrates are tested: (1) rubble coated naturally by coralline algae, (2) settlement plates coated with coralline-algal extracts and (3) settlement plates without coralline-algal coatings.

Specific objectives:
(A) Comparative recruitment rate on the three kinds of substrates. 

(B) Growth and survivability of recruits from the three treatments in in situ nurseries and in the field.

(C) Kinds of interventions needed to improve the yield of recruits from (1) rubble coated naturally by coralline algae, and (2) settlement plates coated with coralline-algal extracts.

(D) Application of restoration techniques in collaborative work.

A. Comparative recruitment rate on three different substrates

Coral larvae have been shown to undergo metamorphosis in response to contact with surface chemical inducers found on various natural substrates such as crustose coralline algae (CCA), biofilm and the calcium carbonate skeleton of corals. Studies conducted under this workpackage addressed the possibility of coral larvae differentiating between different inductive substrates and hence displaying a preference for one substrate over the other.
A1. Field experiments involving settlement tiles
Several field experiments were conducted to investigate comparative recruitment levels on coral rubble with live coralline algae cover, cement plates with coralline algae extracts, and cement plates without extracts. Coralline algae extracts were incorporated into settlement plates by manufacturing the latter from scratch using coralline algae-covered rubble (dried and crushed), cement and sand. These experimental substrates were left out on the reef for periods of three months to a year and then retrieved to quantify recruitment levels. The following is a summary of the results and conclusions drawn:

· Recruitment on coralline algae-covered rubble pieces was not as high compared to that on coralline algae- incorporated settlement plates. 
· Presence of coralline algae - whether dried, crushed and mixed with cement in artificial substrates, or as a live cover on acclimatized settlement plates – enhanced pocilloporid coral recruitment significantly compared to pure cement plates (without coralline algae extracts).

· Over long-term exposure to seawater, coralline algae naturally grew over cement plates. Recruitment them increased subsequently, closely matching the recruitment levels on the coralline algal incorporated settlement plates after one year. 

· Coralline-algal extracts in settlement plates thus served more in boosting recruitment in the initial stages.

Figure 1 (left): Coralline algae-incorporated settlement plates and rubble pieces stabilized on an aluminum mesh. These mesh racks were deployed on the reef to compare recruitment efficacy of different substrates. 

Figure 2(right): A settlement tile with young coral colonies recruited on it. 

A2. Ex situ experiments involving settlement blocks
Work was also carried out in aquarium tanks to determine the recruitment efficacy of composite coralline algae substrates compared to substrates with live cover of biofilm and coralline algae. In one experiment, Pocillopora damicornis coral larvae were exposed to five different types of artificial substrates. These substrate blocks were cast from ice-cube trays with differing composition ratios (Table 1). After acclimatization, the substrate blocks were arranged in settlement tanks, and planulae was introduced into each tank. Recruitment was gauged by counting the number of recruits that settled on the blocks after a week. 

	Substrate
	Composition

	Concrete (control)
	1 part cement: 4 parts sand

	Coral rubble composite
	1 part cement: 1 part sand: 3 parts unencrusted coral rubble

	Encrusted rubble composite
	1 part cement: 1 part sand: 3 parts CCA encrusted coral rubble

	CCA covered concrete
	Control blocks incubated in holding tanks containing live CCA for 2+ months

	Biofilm-covered concrete
	Control blocks incubated in flow-through seawater tanks for 4 weeks


   Table 1: Different substrates and their compositions. (CCA = crustose coralline algae)


Figure 3: – Larval collection setup – current generated by water inlet and air source in brooding tanks (top right of picture) drove planulae through outlet near surface. Outflow was filtered through larvae collectors (bottom) to trap any larvae. Larvae collectors were constructed by sandwiching plankton net between two PVC pipes (one of smaller radius than the other). 

In order to determine the most suitable artificial substrate for use in reef restoration, the different substrata were assessed based on their recruitment efficiency, as well as other practical factors such as availability of materials, ease of preparation, time required for preparation and potential for mass production (Table 2).

	
	Concrete
	Coral rubble composite
	CCA-encrusted rubble composite
	CCA-covered concrete
	Biofilm-covered concrete

	Recruitment efficiency
	Low
	Low
	Low
	High
	Moderate

	Availability of materials
	Commercially available
	Rubble abundant in sea, collection required
	Rubble abundant in sea, collection required
	Requires starter culture of CCA
	Biofilm freely available through incubation in seawater

	Preparation required
	Minimal 
	Collection and reprocessing of rubble
	Collection and reprocessing of rubble
	Incubation phase necessary
	Incubation phase necessary

	Preparation time required
	Minimal
	Moderate
	Moderate
	Longest, 2+ mths incubation
	Long, 1 mth incubation

	Potential for mass-production
	Easily mass produced
	Possible, higher costs incurred from collection and reprocessing steps 
	Possible, higher costs incurred from collection and reprocessing steps
	Limited mass production capability
	Easily mass produced


Table 2– Evaluation of different artificial substrata for use in reef restoration. 
This study indicated that the composite substrates do not offer any advantage over the basic concrete substrate. This came as an unexpected finding in light of previous experimental results that showed that CCA-composite substrates enhanced recruitment significantly more than concrete in situ (first year REEFRES WP10 results). One possible explanation for the low recruitment rates exhibited by CCA-encrusted rubble composite blocks is that in an ex situ competitive setup (as in this experiment), the amount of coral larvae is limiting and therefore in the presence of a strong inducer like live coralline algae cover, any possible differences between other substrates will be negated. 
A3. Effect of sedimentation on recruitment (ex situ study)
Sedimentation is one of the main stressors that corals in Singapore have to contend with (sedimentation levels range from 10 to 20 mg cm-2 day-1). It is thus of interest to assess the sediment levels that coral larvae can deal with before recruitment is significantly inhibited. This experiment aimed to investigate the influence of overlying sediments and underlying substrate type on the settlement, survivorship and growth of Pocillopora damicornis planulae and recruits. Sediments were collected from the reef, filtered (<63(m), dried and powdered and then applied in different concentrations (0mg/cm2, 5mg/cm2, 10mg/cm2 and 20mg/cm2) to two substrate types. 

	Substrate Type
	Sediment Level (mg cm-2)
	Settlement Success
	Post-settlement Survival (12 weeks)
	Post-Settlement Growth (12 weeks)

	Live coralline algae covered blocks (CA)
	0
	Very High
	Low
	Low

	
	5
	High
	
	

	
	10
	Very Low
	
	

	
	20
	Very Low
	
	

	Concrete blocks with coralline algal extracts (CO)
	0
	Low
	High
	High

	
	5
	Very Low
	
	

	
	10
	Very Low
	
	

	
	20
	Nil
	Nil
	Nil


Table 3: A qualitative summary of the results found.

It is clearly observed (Figures 4a-f) that with increasing amounts of overlying sediments, settlement success decreased. At intermediate levels of overlying sediments, however, settlement was still possible. At high levels of overlying sediments (20 mg cm-2), settlement greatly impeded recruitment on CA blocks and prevented any recruitment on CO blocks. On the other hand, post-settlement survival was about 2 times higher, and post-settlement growth was about 3 times higher on CO than on CA blocks. These results suggest that although CO substrate blocks are not as effective as CA blocks for settlement, they are more suitable for long-term survival and growth of coral recruits. This is especially pertinent in controlled environments (e.g. aquaria) where coralline algae that are established can grow more rapidly than corals.
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Figure 4a-4f (Clockwise from top left): Figures 4a to 4c shows the same substrate block (with live coralline algae) at Month 1, 2 and 3. The decrease in surviving P. damicornis recruits can be observed over time. Figures 4d-4f show a concrete block with coralline algal extracts over time (Month 1,2 and 3). Although lesser in number, many of the P. damicornis recruits grew into young colonies after 12 weeks.

B. Growth and survivability of recruits from three treatments in in situ nurseries and in the field.

B1. Field experiments involving settlement tiles

Coralline algae-incorporated tiles left out in the field for five months (2005-2006) showed that:

· Species evenness was greater on the reef slope, although growth rates were higher on the reef crest, where more light was available. The reef crest had settlement of predominantly Pocillopora damicornis and Acroporids. 
· Recruitment averaged 2-3/100cm2 on some reefs in Singapore.

· Non-pocilloporid corals had low levels of survivorship, while pocilloporid survivorship was significantly higher at 30%. 

· Pocilloporid recruits were larger in size (2 - 7 mm2), compared to non-pocilloporid recruits (0.5 – 1 mm2). Growth data indicated that most recruits died within one month, possibly even within a few days of settlement.
B2. Field experiments involving ‘rubble recruits’ and ‘corals of opportunity’
As post-settlement mortality was high on settlement plates in the field, we focused on alternative restoration techniques involving ‘rubble recruits’ (recruits that are found surviving on loose coral rubble on the reef and presumably naturally selected as ‘fitter’) (Figure 5) and ‘corals of opportunity’ (loose coral fragments). Preliminary experiments were conducted to test the effect of stabilization on the survivorship of these corals.  These corals were either (1) fixed onto the ground using plastic mesh, (2) elevated 0.5m above the seabed and fixed on mesh or (3) left lying loose on the reef. Results and conclusions are as follows:

· The motion of loose rubble pieces exerted shading and smothering pressures on coral juveniles. The overturning of loose coral rubble also subjected recruits to anoxic conditions, causing them to perish.

· Recruit survivorship after stabilization improved significantly. This was observed after two months. 
· For Pectinia sp., ground/fixed treated recruits grew faster than elevated/fixed ones. Elevated corals were found to bleach and be stressed by competition from fast-growing algae. 
· Improvements in restoration techniques can include locating suitable depths for growth of coral recruits, where competition with algae is not as intense but where light penetration is still optimum for growth.

Figure 5 (left): A typical example of ‘rubble recruits’ - rubble with a few coral recruits growing on it.
Figure 6 (right): Pectinia paeonia and Pachyseris speciosa rubble recruits on an underwater nursery.

B3. Growth and survivorship of ‘rubble recruits’ in an in situ nursery

In another experiment investigating growth of Pectinia paeonia and Pachyseris speciosa rubble recruits in an underwater nursery (Figure 6), it was found that the first two weeks after transplantation from the reef to the nursery was critical, as transplantation-induced stress led to coral survivorship dropping initially over this period before stabilizing. Colonies less than 3 cm in diameter were found to require about 4 to 5 months to grow in area by 50%. A peak in monthly growth rate was also observed during the monsoon season. Having more knowledge on the seasonal growth rates of these corals will allow scientists to determine the length of time required for juveniles to attain a critical size before transplantation.

C. Interventions needed to improve yield of recruits from rubble coated naturally by coralline algae, and settlement plates with coralline-algal extracts

Simple interventions were evaluated and developed during this project period to assist corals in overcoming underlying causes of high mortality, e.g. high levels of sedimentation and unconsolidated substrata. These pose tremendous challenges to the recruitment and early growth and survivorship of hard corals. The interventions tested include (1) substrate inclination, (2) stabilization of ‘corals of opportunity’ and ‘rubble recruits’, (3) elucidating the effect of microbial biofilm on ex situ recruitment and (4) introduction of ex situ nursery phase before transplantation. 
C1. Stabilization of ‘corals of opportunity’ and ‘rubble recruits’

Details can be found in Section B2. 

C2. Role of substrate inclination

· In the field, settlement plates (with coralline algae extracts) inclined at 60o & 90o were found to be best for recruitment (compared to 0o and 30o).

C3. Role of microbial biofilm in ex situ recruitment work

As microbial biofilm is one of the factors known to affect larval metamorphosis and recruitment, a better understanding of this biological cue is useful in the future development of strategies for coral recruitment enhancement. Through preliminary ex situ studies, it was deduced that biofilm plays important roles in both the settlement and initial post-settlement survivorship of P. damicornis larvae. 
· Increasing acclimatization period (> six weeks) of concrete settlement substrates significantly increased recruitment of coral larvae, indicating that increasing biofilm maturity has the ability to enhance coral recruitment.
· When coral larvae were exposed to concrete blocks acclimatized for four weeks (biofilm formation) and non-acclimatized blocks, the former was found to exhibit higher recruit survivorship. After 2 months, blocks with biofilm showed 20 - 60% survivorship while those without biofilm exhibited only 0-10% survivorship.
C4. Introduction of ex situ nursery phase before transplantation

For recruitment-related restoration techniques to work in Singapore, an ex situ nursery phase may assist in enhancing survivorship of aquaria-reared recruits before they are transplanted out to the field. Work was started during this project to determine the optimal length of this ex situ phase. However, results obtained so far have been discouraging (Table 4) and more work has to be done before any conclusions on the feasibility of this technique can be reached.
	Ex situ nursery period 
	Observations made in situ
	Location

	0 to 1 mth
	100% mortality after 2 wks
	Lazarus Island

	2 mths
	90% mortality after 6 wks
	Lazarus Island

	4 mths
	Bleaching and high mortality after 2 wks
	Pulau Semakau


Table 4: Pocillopora damicornis recruits were reared in aquaria for different lengths of time before being moved to in situ nurseries in the stated locations. These recruits were settled in aquaria.
D. Application of restoration techniques in collaborative efforts

Over the past three years, the National University of Singapore actively developed collaboration with other organizations in various conservation initiatives. Reef restoration techniques that were developed and learnt through REEFRES workshops and partnership are being applied on a wider scale in these initiatives and shared with both the public and researchers. Most of the projects have yielded promising results thus far, and will continue beyond the completion of the REEFRES project.
1. 30th July 2007 marked the launch of Singapore’s first coral nursery at Pulau Semakau, which will serve as a holding area for ‘corals of opportunity’ and ‘rubble recruits’ that are commonly found on impacted local reefs. NUS went into a partnership with a commercial entity (Keppel Integrated Engineering Ltd) and various government agencies (National Parks Board and the National Environment Agency) to conduct this long-term project (>2 years), and contributed by offering expertise in reef restoration techniques developed through REEFRES. This event was covered by major newspapers  (some articles are attached below), dive magazines and was telecast by Channel NewsAsia. To date, 20 nursery tables have been deployed to the seabed, and more than 200 coral fragments have been collected. High survivorship and positive growth of corals have been recorded, and many coral reef fish observed to reside within the nursery patch. Coral recruitment was also observed on the PVC framework of the coral nursery tables.
2. In August 2007, NUS Marine Biology Lab researchers gave talks on conservation and restoration techniques to guests and staff of Banyan Tree Resort (Bintan). When personnel from the Conservation Lab (Banyan Tree Resort) visited Singapore in October 2007, they were brought to visit sites where REEFRES work is being done, i.e. the nubbin nursery, nubbin transplantation sites and Semakau coral nursery. A short training on making coral nubbins was also conducted for them, as Banyan Tree wanted to adopt this technique in their conservation efforts and public awareness programs. In 2008, conservation officers constructed a nubbin nursery in their house reef and started culturing Acropora sp. The Coral Planting Program was created and guests were taught how to make coral nubbins, amidst educating them about the coral restoration work and other marine conservation activities that was going on in Bintan. In about 4 months, the coral nubbins experienced 70%-90% survivorship, and grew rapidly (0.5 – 1.0cm in 4 months). 

3. At One Degree 15 Marina (Singapore), a nursery table was set up with the help of Italian counterparts and used for growing of coral nubbins. Four species of coral nubbins were used as a preliminary test and after 10 months, survivorship was 80%. Acropora species 1 and Hydnophora started out as smaller fragments than the other two species, but exhibited more rapid growth in less than a year. Results are highly promising and indicative that the marina is a suitable place for future coral restoration activities to take place.

A group photograph during the 4th REEFRES consortium meeting (September 21- 26, 2008)

Appendix 1 – Plan for using and disseminating the knowledge

Overview table 
	Exploitable Knowledge (description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	Not Relevant
	Not Relevant
	Not Relevant
	Not Relevant
	Not Relevant
	Not Relevant


Section 2 – Dissemination of knowledge 2005

	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	Sep 2005
	Press release (TV)
	General public
	France
	Unknown
	1

	March 2005
	Dissemination of knowledge
	Students, University lecturers
	Thailand
	20
	1

	May 2005
	Dissemination of knowledge
	Students, University lecturers
	Philippines
	15
	1

	July 2005
	Seminar 
	Students, University lecturers
	Singapore
	35
	4

	2005
	Scientific Publications
	Scientist 
	World wide
	Unknown
	1

	Aug 2005
	Press release (Internet web site)
	General public
	Singapore
	Unknown
	4


Section 2 – Dissemination of knowledge 2006

	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	Jan 2006
	Workshop
	REEFRES programme participants and others
	Singapore, Israel, Thailand, UK, Philippines, Indonesia, Italy
	ca. 25
	1-7

	Jun 2006
	Conference
	Academics, managers etc.
	First Asia Pacific Coral Reef Symposium, Hong Kong. International
	ca. 300
	2,  3 and 5

	Aug 2006
	Workshop
	GEF-RRWG programme participants and others
	Australia, Israel, Japan, Palau, Philippines, Singapore, UK, USA 
	ca. 25
	2 & 3

	Sep 2006
	Workshop
	REEFRES programme participants and others
	Thailand, Singapore, Philippines, UK, Israel, Italy
	ca. 50
	1-7

	Nov 2006
	Lectures
	Elementary schools
	Philippines
	727
	3

	Beginning of 2006
	Media (as a part of year calendar)
	General public
	Thailand
	At least 1,000
	6

	Mid 2006
	Press release(press/radio/TV)
	General public
	Thailand
	unknown
	6

	May 2006
	webpage http://www.phiphidivecamp.com/news/pmbc_nursery.php
	General public
	Thailand
	unknown
	6

	2006
	5 scientific publications in 5 different peer-review journals
	Scientists
	International
	Unknown 
	1 & 7

	2006
	4 publications in 4 popular scientific journals
	Scientists, General public
	International
	Unknown 
	1, 6, 7 & 5


Section 2 – Dissemination of knowledge 2007

	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	2007
	Website

http://www.phi-phi-adventures.com/coralnursery.htm
	General public
	Thailand
	unknown
	No.6

	2007
	6 scientific publications in 6 different peer-reviewed journals
	Scientists
	International
	Unknown 
	Nos. 1, 7, 2 & 3

	Jan 2007
	Lectures and presentations
	Researchers and staff of Marine and Coastal Research Center in Central Gulf of Thailand and MCRC, Eastern Gulf of Thailand
	Thailand
	20
	No.6

	Apr 2007
	Lecture at the 1st International
Symposium on Coral Husbandry in Public Aquaria
	Scientists and technicians from the public aquaria field 
	All the world
	300
	Nos. 1&7

	May 2007
	Training
	Municipal officials, managers, fishermen
	Philippines
	ca. 100
	Nos. 2 & 3

	May 2007
	Lectures
	Educators
	Philippines
	ca. 60
	No. 3

	May 2007
	Seminar 
	Graduate students
	Italy and Egypt
	Ca. 30
	No.  4

	June 2007
	Seminar
	Scientists and students
	Singapore
	Ca. 30
	No.  4

	July 2007
	Seminar
	Scientists
	UK
	ca. 30 
	No.  2

	Aug 2007
	Press release in major local newspapers, diving magazines, website and TV (Semakau Coral Nursery Launch)
	General public
	Singapore
	Unknown
	No.  5

	Aug 2007
	Talk on reef conservation and restoration 
	Guests and staff of Banyan Tree Resort, Bintan Resort Cooperation
	Bintan, Indonesia
	ca. 50
	No.  5

	Aug 2007
	Seminar
	scientists, students
	Singapore
	ca. 30
	No.  2

	Aug 2007
	Papers on “Coral Nursery for Coral Rehabilitation at Phi Phi Islands, Krabi” and “Preliminary study on growth rate of Acropora pulchra on floating nursery in turbid environment”
	Researchers and staff of Department of Marine and Coastal Resources
	Thailand
	120
	No.6

	Sep. 2007
	2 articles in a local newspaper
	General public
	Thailand
	unknown
	No.6

	Sept. 2007
	Presentation in a congress
	Scientists and students 
	Italian and international 
	Ca. 40-50
	No.  4

	Oct. 2007
	Workshop
	REEFRES Programme participants and others
	Indonesia, Israel, Italy, Malaysia Philippines, Singapore, Thailand, UK, USA, Vietnam
	ca. 35
	Nos. 1-7

	Oct. 2007
	Conference
	Scientists, educators, managers
	Philippines
	ca. 50
	Nos.  1-3

	Oct. 2007
	Demonstration of restoration techniques (plans to follow up)
	Conservation officers of Banyan Tree Resort and student researchers of NUS
	Bintan, Indonesia, Singapore
	4
	No.  5

	Oct. 2007
	Lecture
	IUCN staff

and local community in southern Thailand
	Thailand
	20
	No.6

	Oct. 2007
	Lecture
	high school students
	Philippines
	ca. 100 
	No.  2

	Nov. 2007
	Seminar
	General public
	Italy
	60
	No.  4



	Dec .2007
	Poster and participation in an exhibition on coral transplantation activits

at Phi Phi Island, Krabi
	General public
	Thailand
	unknown
	No.6

	Dec. 2007
	Press release (press/radio/TV)
	General public
	Thailand
	unknown
	No.6

	Dec. 2007
	Interview by Chinese daily newspaper
	General public
	Singapore
	Unknown
	No.  5


Section 2 – Dissemination of knowledge 2008
	Planned / actual dates
	Type
	Type of audience
	Countries addressed
	Size of audience
	Partner responsible / involved

	April 2008
	Training
	Local officials, people’s organization representatives, fishermen, students, teachers
	Philippines
	ca. 70
	2 & 3

	May 2008
	BBC Radio 4 and World Service programmes
	Worldwide radio listeners
	Worldwide
	Million +
	2

	July 2008
	Conference
	Scientists
	International
	unknown
	2 & 3

	October 2008
	Seminar
	University students, lecturers
	UK
	ca. 30
	2

	December 2008
	Conference
	Scientists, students, conservationists, managers
	UK and international
	ca. 100
	2

	April 2008
	Training
	Local officials, people’s organization representatives, fishermen, students, teachers
	Philippines
	ca. 70
	3 & 4

	July 2008
	Conference
	Scientists
	various
	unknown
	3

	August 2008
	Lectures
	Local officials, people’s organization representatives
	Philippines
	70
	3

	September 2008
	Training
	Local officials, people’s organization representatives, fishermen
	Philippines
	15
	3 & 4

	September 2008
	Lecture
	Municipal mayors
	Philippines
	ca. 20
	3

	November 2008
	Training
	Local officials, people’s organization representatives, fishermen
	Philippines
	ca. 70
	3 & 4

	1-3.09.2008
	Conference Italian
	Research
	Italy
	150
	Partner 4

	14.11.2008
	Ecology Society

Workshop ItalianCentre for TropicalEcology (Auqrium of Genoa)
	Research, public
	italy
	50
	Partner 4

	2008
	Coral nursery newspaper articles and telecasted on Once Upon a Tree – Tides and Coastlines TV series 
	General public
	Singapore
	Unknown
	5

	2008
	Posters and presentations on Singapore’s first coral nursery at ADEX (Asian Dive Expo)
	General public
	Regional 
	Unknown
	5

	2008
	Development of coral planting program at Banyan Tree Resort, Bintan
	Guests and staff of Banyan Tree Resort, Bintan
	International
	100s
	5

	2008
	Article in Latitude (Onedeg15 Marina magazine)
	Members of reciprocal marinas worldwide
	International
	Unknown
	5

	May-Dec 2008
	Student internship (creation of marine conservation website) http://reef-to-fight-another-day.blogspot.com/
	Students and internet community
	International
	Unknown
	5

	12-14, 21-22 Jan.2008
	Workshop on monitoring and maintenance coral fragments  in floating nursery.
	Thai and foreign volunteer divers
	Thailand
	30 and 20
	Partner No.6

	21-22 Feb. 2008
	Giving an interview for a documentary on coral rehabilitation activity

(Panorama documentary company)
	General public
	Thailand
	unknown
	Partner No.6

	4-6 Mar. 2008
	Coral transplantation activity with public participation  
	Thai and foreign volunteer divers
	Thailand
	7
	Partner No.6

	22-25 Apr. 2008
	Workshop on coral conservation and coral rehabilitation.
	Hotel staff
	Thailand
	20
	Partner No.6

	7-9 May

2008
	Exhibition, lecture and panel discussion on coral rehabilitation PMBC’ s activities marking IYOR 2008
	Scientists and general public
	Thailand
	100-300
	Partner No.6

	12 -14 Aug. 2008
	Coral transplantation activity with public participation  
	Hotel staff
	Thailand
	10
	Partner No.6

	25-27 Aug. 2008
	Oral presentation on two research work on coral rehabilitation  in Thailand Marine Science Conference
	Marine Scientists
	Thailand
	300
	Partner No.6

	4 Sep. 2008
	Oral presentation on a research work on coral rehabilitation 
	Scientists and general public
	Thailand
	50
	Partner No.6

	24 Nov. 2008
	Radio interview on artificial reef and coral reef conservation
	General public
	Thailand
	unknown
	Partner No.6

	1-4 Dec. 2008
	Coral transplantation activity with public participation  
	Hotel staff and volunteer divers
	Thailand
	20
	Partner No.6

	7-11 Jul. 2008
	Oral and poster presentation on three research work on coral rehabilitation in 11th ICRS
	Scientists
	USA
	100
	1-6

	22/6/08
	Press – newspaper – in situ nursery and reef restoration next to the fish cages in Eilat. 
	General public
	Israel
	
	1 and 7

	16/6/08
	Press- newspaper – in situ nursery to save corals
	General public
	Israel
	
	1 and 7

	8/2008
	Press Tv – Youth program on endanger animals and what can be done to save them. The film will be shown during 2009 around the world as part of international program.
	General public
	world
	
	1 and 7


	September 2008
	Workshop and REEFRES annual meeting
	REEFRES programme participants and others
	Israel, Italy, Philippines, Singapore, Thailand, UK, Holand
	ca. 30
	1-7

	Planned (June 2009)
	Manual
	Managers, scientists and decision makers
	Worldwide
	1000+
	1-7

	2008-2009
	21 Scientific Publications
	Researchers
	international
	unknown
	1-7


6.2 Final Plan for dissemination of knowledge

	Planned (June 2009)
	Manual
	Managers, scientists and decision makers
	Worldwide
	1000+
	1-7

	2009- 2010
	Lectures and presentations
	Scientists and general public, decision makers
	National and international
	unknown
	1-7

	2009-2010
	Scientific Publications
	Researchers
	international
	unknown
	1-7
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Figure 1.  Branch transplants on clam shell substrates: (a) within a month after transplantion and (b) 14 months after transplantation.  Photos (c) and (d) show Acropora muricata attachment points on the substrate.
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Table 2.  Summary of results in the 2 experiments comparing nursery-rearing and direct transplantation of coral fragments. 





Figure 2.   Three other restoration methods applied in the field: (a-c) substrate stabilization, (d-f) transplantation of corals of opportunity without adhesives, (g-i) set up of a coral rescue station. Unattached coral fragments and unstabilized juvenile corals stand a poor chance of surviving if left alone (a). Overlaying a biodegradable net and placing clam shells with coral transplants provide stability and structural relief (b and c). Local participants are taught the basics of marine ecology and the rationale of reef restoration and rehabilitation (d). Selected participants do an actual transplantation on the reef (e and f). Participants are taught how to fabricate coral rescue stations (g), clean collected coral fragments (h) and secure fragments to rescue stations (i).
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Figure 4. A shell with small ramets approximately 36 months post transplantation showing surviving colonies of Porites rus, P. lutea and Pavona frondifera.
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Fig. 2 Concrete structures on sandy substrate at Maiton  Island.








Fig. 1 Four different types of concrete structure used for the experiment





Fig. 3 Experiment on Porites transplantation from the beginning of the study (left) and 2 years after (right)





Fig. 4 Divers transplant different species of coral fragments from floating nurseries to degraded area in an experiment of WP No. 7





Fig. 5 Researcher monitors growth of many species of corals to find appropriate species for floating nursery in the Andaman Sea





Fig. 6 Coral transplantation in degraded reef at Phi Phi Lae Island with public participation using coral fragments from floating nursery at the beginning in 2006 (left) and 2008 (right)





Fig. 7 Coral transplantation on artificial reef at Phi Phi Lae Island with public participation using coral fragments from floating nursery at the beginning in 2006 (left) and 2008 (right)








Fig. 8 Activities of PMBC on knowledge dissemination for schoolchildren and general public





Fig. 9 Coral rehabilitation activities at Phi Phi Islands assisted by volunteer divers  (left) and students from University of  Missouri (right).
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� Dizon, R.M., Edwards, A.J. and Gomez, E.D. (2008). Comparison of three types of adhesives in attaching coral transplants to clam shell substrates. Aquatic Conservation: Marine and Freshwater Ecosystems 18: 1140-1148. [doi: 10.1002/aqc.944]. Published online in 2007.
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0.914893617

1

0.8685446009

0.9042553191

1

0.8638497653

0.8971631206

1

0.8638497653

0.8829787234

1

0.8497652582

0.865248227

1

0.8356807512

0.8546099291

0.9861111111

0.8356807512

0.8439716312

0.9768518519

0.8215962441

0.8262411348

0.9444444444

0.8169014085

0.7836879433

0.9259259259

0.7887323944

0.7446808511

0.912037037

0.7746478873

0.7021276596

0.912037037

0.7746478873

0.7021276596

0.8981481481

0.7699530516

0.670212766

0.8935185185

0.7605633803

0.6524822695

0.8935185185

0.7511737089

0.6524822695



		19		19		19

		71		71		71

		85		85		85

		102		102		102

		120		120		120

		156		156		156

		183		183		183

		199		199		199

		227		227		227

		246		246		246

		258		258		258

		275		275		275

		291		291		291

		310		310		310

		326		326		326



live

detatched

dead

days from transplantation

% P.d "A" dead, detatched and still living in the Pier nursery

0.9417475728

0.0145631068

0.0436893204

0.8203883495

0.0825242718

0.0533980583

0.5582524272

0.2669902913

0.0776699029

0.4854368932

0.2669902913

0.072815534

0.4757281553

0.2718446602

0.0048543689

0.4223300971

0.286407767

0.0388349515

0.359223301

0.3203883495

0.0291262136

0.3300970874

0.3349514563

0.0145631068

0.3252427184

0.3349514563

0.0048543689

0.3058252427

0.3446601942

0.0097087379

0.2912621359

0.3495145631

0.0097087379

0.2669902913

0.354368932

0.0194174757

0.2524271845

0.3640776699

0.0048543689

0.2475728155

0.3640776699

0.0048543689

0.2427184466

0.3640776699

0.0048543689



		12		12		12

		64		64		64

		78		78		78

		95		95		95

		113		113		113

		149		149		149

		176		176		176

		192		192		192

		220		220		220

		239		239		239

		251		251		251

		268		268		268

		284		284		284

		303		303		303

		319		319		319



live

detatched

dead

days from transplantation

% P.d "B" dead, detatched and still living in the Pier nursery

0.9785714286

0.0107142857

0.0107142857

0.8035714286

0.1214285714

0.0642857143

0.7746785714

0.12175

0.0285714286

0.72825

0.12175

0.0464285714

0.7211071429

0.1253214286

0.0035714286

0.6568214286

0.1574642857

0.0321428571

0.5853928571

0.19675

0.0321428571

0.5211071429

0.22175

0.0392857143

0.4746785714

0.2324642857

0.0357142857

0.4175357143

0.2538928571

0.0357142857

0.3711071429

0.2824642857

0.0178571429

0.32825

0.3003214286

0.025

0.3103928571

0.3074642857

0.0107142857

0.2925357143

0.3181785714

0.0071428571

0.2889642857

0.32175

0



		A		A		A

		B		B		B

		C		C		C

		D		D		D

		E		E		E

		F		F		F



live

detatched

dead

genotype

% P. damicornis  dead, detatched and still living in the Pier nursery after one year

0.2378640777

0.3640776699

0.3980582524

0.27825

0.32175

0.4

0.5836909871

0.1974248927

0.2188841202

0.6161971831

0.1232394366

0.2605633803

0.5654205607

0.1635514019

0.2710280374

0.7152777778

0.1180555556

0.1666666667



		A		A		A

		B		B		B

		C		C		C



live

detatched

dead

genotype

% A. aspera dead, detatched and still living in the Pier nursery after one year

0.8611111111

0.0324074074

0.1064814815

0.7183098592

0.0328638498

0.2488262911

0.5531914894

0.0992907801

0.3475177305



		A		A		A

		B		B		B

		C		C		C



live

detatched

dead

genotype

% P.rus dead, detatched and still living in the Pier nursery after one year

0.1285714286

0.3785714286

0.4928571429

0.1928571429

0.1642857143

0.6357142857

0.2952380952

0.1666666667

0.5380952381



		A		0.1972477064		0.2981651376

		B		0.33632287		0.3856502242

		C		0.276816609		0.2941176471

		D		0.2073732719		0.1658986175

		E		0.1037735849		0.2971698113

		F		0.0654205607		0.0514018692



live

fall

dead

genotype

% dead, detatched and still living colonies of  
    P. damicornis in Ko Hae nursery after one year

0.504587156

0.2780269058

0.4290657439

0.6267281106

0.5990566038

0.8831775701



		P.d Pier		P.d Pier		0.1890861667		0.0866232379

		P.d Ko Hae		P.d Ko Hae		0.0762150632		0.0249058199



ave. live

detached

origin

Pier

0.3666016883

0.2944175209

0.6322985072

0.134948798



		P. dami		P. dami		P. dami		0.1944308761		0.1043007007		0.0950464228

		A.aspera		A.aspera		A.aspera		0.1540945419		0.0384840464		0.1211751614

		A. pulchra		A. pulchra		A. pulchra		NaN		NaN		NaN

		P. rus		P. rus		P. rus		0.0836162996		0.1230363526		0.0730115596



live

detached

dead

0.4994500977

0.2146831594

0.2858667428

0.7108708199

0.0548540124

0.2342751677

0.8411214953

0.0327102804

0.1261682243

0.2079365079

0.2365079365

0.5555555556



		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		47		47		47		47		47		47		47		47		0.0646096066		0.0869074798		0.0162803366		0.1093425		0.0062019138		0.0062569304

		71		71		71		71		71		71		71		71		0.0679740407		0.1421875844		0.0333769351		0.1093425		0.0264283482		0.0112817112

		85		85		85		85		85		85		85		85		0.0709719309		0.153831145		0.0571272906		0.1093425		0.0712151855		0.0112817112

		102		102		102		102		102		102		102		102		0.0737075105		0.1497225956		0.0743106401		0.1093425		0.0703141224		0.0132952207

		120		120		120		120		120		120		120		120		0.0826319554		0.1579404961		0.0725461886		0.1080735591		0.0722183607		0.0219908837

		156		156		156		156		156		156		156		156		0.0899049517		0.1581676541		0.0757069289		0.1074598485		0.074575987		0.0228062325

		183		183		183		183		183		183		183		183		0.0845593122		0.1562262832		0.0850297704		0.1040833		0.0857957657		0.0213467195

		199		199		199		199		199		199		199		199		0.0883265408		0.1498550572		0.0906430441		0.1040833		0.0918391813		0.0201478274

		227		227		227		227		227		227		227		227		0.0848655927		0.133361675		0.0941598075		0.1122588118		0.0917472261		0.0232435238

		246		246		246		246		246		246		246		246		0.0945272278		0.1306128354		0.0990078033		0.1134643101		0.0958461745		0.0272612154

		258		258		258		258		258		258		258		258		0.1066121543		0.1389206313		0.0962436757		0.1175862688		0.0997662517		0.0312988688

		275		275		275		275		275		275		275		275		0.1066121543		0.1396532256		0.0970161019		0.1189126219		0.1044439057		0.0312988688

		291		291		291		291		291		291		291		291		0.1142633259		0.1347991984		0.0980689869		0.1230363526		0.1073662361		0.0384840464

		310		310		310		310		310		310		310		310		0.1207318438		0.1326584393		0.0969077733		0.1230363526		0.1075717285		0.0384840464

		326		326		326		326		326		326		326		326		0.1211751614		0.1285346802		0.0966239071		0.1230363526		0.1077393522		0.0384840464

		337		337		337		337		337		337		337		337						0.0950464228				0.1043007007



P. dami sur.

A.aspera sur.

A. pulchra sur.

P. rus sur.

P. dami det.

A.aspera det.

A. pulchra det.

P. rus det.

days from transplantation

Pattern of survival and detachment rates of different species in the nursery at the Pier in the first year of rearing 2006

1

1

1

1

0

0

0

0

0.9945795333

0.9293776845

0.9813084112

0.7722222222

0.0101844604

0.017598697

0

0.1452380952

0.9651477877

0.92426664

0.976635514

0.6031746032

0.0728851217

0.0226880062

0

0.1452380952

0.9414892584

0.9203376286

0.9672897196

0.4944444444

0.0968324232

0.0226880062

0

0.1452380952

0.9062469759

0.9156094962

0.9579439252

0.4777777778

0.0982213121

0.0238700393

0

0.1452380952

0.8911776619

0.9050044951

0.953271028

0.4396825397

0.0989355978

0.03134515

0.0093457944

0.1753968254

0.8641406799

0.8967635601

0.9439252336

0.4119047619

0.1130583613

0.0340703929

0.0093457944

0.1976190476

0.8467888335

0.8885878312

0.9252336449

0.3920634921

0.1288434966

0.0356353382

0.0186915888

0.2023809524

0.8312293767

0.8748964102

0.9112149533

0.3698412698

0.1371990396

0.0372002834

0.023364486

0.2023809524

0.8156799803

0.8483445987

0.9018691589

0.346031746

0.1436337422

0.0411292948

0.023364486

0.2071428571

0.8008216461

0.8197797238

0.8878504673

0.3206349206

0.1519792248

0.043493361

0.023364486

0.2261904762

0.7829194267

0.7962708613

0.8738317757

0.303968254

0.1632201012

0.0458574272

0.0327102804

0.2285714286

0.7665873646

0.7962708613

0.8738317757

0.296031746

0.1676498988

0.0458574272

0.0327102804

0.2341269841

0.7609429425

0.7794379886

0.8738317757

0.2873015873

0.1715756442

0.0548540124

0.0327102804

0.2365079365

0.7526572631

0.7688547228

0.8738317757

0.2682539683

0.1769199005

0.0548540124

0.0327102804

0.2365079365

0.7489819926

0.7657248323

0.8738317757

0.2658730159

0.1783384116

0.0548540124

0.0327102804

0.2365079365

0.7365715591

0.1848042573



						PC/A																								PC/B																								PC/C																								PC/D																								PC/E																								PC/F																								AC/A																								AC/B																								AC/C																								AC.p/A																								P.r A																								P.r B																								P.r C

						206		7/5/06																						280		14/5/06																						233		19/5/06																						284		19/5/06																						214		19/5/06																						144		19/5/06																						216		23/5/06																						213		25/5/06																						282		25/5/06																						214		23/5/06																						140		7/6/06																						140		7/6/06																						210		7/6/06

		tp		DATE		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time

		19		26/5/06		9		6		3		80		41%		194		4.4%		1.5%		95.6%		94.2%		19		0.5		3		9		3		21		8%		274		1.1%		1.1%		98.9%		97.9%		12		0.3		0		0		2		9		4%		231		0.0%		0.9%		100.0%		99.1%		7		0.0		2		0		5		6		2%		277		0.7%		1.8%		99.3%		97.5%		7		0.3		2		2		3		9		4%		209		0.9%		1.4%		99.1%		97.7%		7		0.3		0		0		0		14		10%		144		0.0%		0.0%		100.0%		100.0%		7		0.0										0%		0		0.0%				0.0%		0.0%		3		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0										0%		0		0.0%				0.0%		0.0%		0		0.0

		52		17/7/06		11		0		14		0		0%		169		5.3%		8.3%		90.3%		82.0%		71		0.2		18		2		31		0		0%		225		6.4%		12.1%		92.5%		80.4%		64		0.3		3		0		12		0		0%		216		1.3%		6.0%		98.7%		92.7%		59		0.0		6		0		8		0		0%		263		2.1%		4.6%		97.2%		92.6%		59		0.1		6		0		10		0		0%		193		2.8%		6.1%		96.3%		90.2%		59		0.1		3		0		11		0		0%		130		2.1%		7.6%		97.9%		90.3%		59		0.1		0		0		3		0		0%		213		0.0%		1.4%		100.0%		98.6%		55		0.0		27		1		3		0		0%		183		12.7%		1.4%		87.3%		85.9%		53		0.5		24		0		7		0		0%		251		8.5%		2.5%		91.5%		89.0%		53		0.5		4		0		0		0		0%		210		1.9%		0.0%		98.1%		98.1%		55		0.1		18		10		38		0		0%		84		12.9%		27.1%		87.1%		60.0%		40		0.5		37		12		11		0		0%		92		26.4%		7.9%		73.6%		65.7%		40		0.9		61		6		18		0		0%		131		29.0%		8.6%		71.0%		62.4%		40		1.5

		14		31/7/06		16		0		38		0		0%		115		7.8%		26.7%		82.5%		55.8%		85		0.2		8		0		0		0		0%		217		2.9%		12.2%		89.6%		77.5%		78		0.1		1		0		9		0		0%		206		0.5%		9.9%		98.3%		88.4%		73		0.0		13		0		11		0		0%		239		4.6%		8.5%		92.6%		84.2%		73		0.2		7		0		9		0		0%		177		3.3%		10.3%		93.0%		82.7%		73		0.1		1		0		0		0		0%		129		0.7%		7.6%		97.2%		89.6%		73		0.0		0		0		1		0		0%		212		0.0%		1.9%		100.0%		98.1%		69		0.0		1		0		0		0		0%		182		0.5%		1.4%		86.9%		85.4%		67		0.0		3		0		3		0		0%		245		1.2%		3.5%		90.4%		86.9%		67		0.0		1		0		0		0		0%		209		0.5%		0.0%		97.7%		97.7%		69		0.0		15		0		0		0		0%		69		17.9%		27.1%		76.4%		49.3%		54		0.2		26		0		0		0		0%		66		28.3%		7.9%		55.0%		47.1%		54		0.5		45		0		0		0		0%		86		34.4%		8.6%		49.5%		41.0%		54		0.8

		17		17/8/06		15		0		0		0		0%		100		7.3%		26.7%		75.2%		48.5%		102		0.1		13		0		0		0		0%		204		4.6%		12.2%		85.0%		72.8%		95		0.1		9		0		0		0		0%		197		4.4%		9.9%		94.4%		84.5%		90		0.1		10		0		0		0		0%		229		3.5%		8.5%		89.1%		80.6%		90		0.1		9		0		0		0		0%		168		4.2%		10.3%		88.8%		78.5%		90		0.1		2		0		1		0		0%		126		1.4%		8.3%		95.8%		87.5%		90		0.0		0		0		0		0		0%		212		0.0%		1.9%		100.0%		98.1%		86		0.0		1		0		0		0		0%		181		0.5%		1.4%		86.4%		85.0%		84		0.0		2		0		0		0		0%		243		0.8%		3.5%		89.7%		86.2%		84		0.0		2		0		0		0		0%		207		1.0%		0.0%		96.7%		96.7%		86		0.0		13		0		0		0		0%		56		18.8%		27.1%		67.1%		40.0%		71		0.2		22		0		0		0		0%		44		33.3%		7.9%		39.3%		31.4%		71		0.3		16		0		0		0		0%		70		18.6%		8.6%		41.9%		33.3%		71		0.2

		18		4/9/06		1		0		1		0		0%		98		0.5%		27.2%		74.8%		47.6%		120		0.0		1		0		1		0		0%		202		0.4%		12.5%		84.6%		72.1%		113		0.0		5		0		0		0		0%		192		2.5%		9.9%		92.3%		82.4%		108		0.0		5		0		0		0		0%		224		1.8%		8.5%		87.3%		78.9%		108		0.0		7		0		0		0		0%		161		3.3%		10.3%		85.5%		75.2%		108		0.1		0		0		0		0		0%		126		0.0%		8.3%		95.8%		87.5%		108		0.0		0		0		0		0		0%		212		0.0%		1.9%		100.0%		98.1%		104		0.0		0		0		0		0		0%		181		0.0%		1.4%		86.4%		85.0%		102		0.0		4		0		1		0		0%		238		1.6%		3.9%		88.3%		84.4%		102		0.0		2		0		0		0		0%		205		1.0%		0.0%		95.8%		95.8%		104		0.0		3		0		0		0		0%		66		5.4%		27.1%		65.0%		47.1%		89		0.0		2		0		0		0		0%		65		4.5%		7.9%		37.9%		46.4%		89		0.0		3		0		0		0		0%		124		4.3%		8.6%		40.5%		59.0%		89		0.0

		36		10/10/06		8		3		3		0		0%		87		3.9%		28.6%		70.9%		42.2%		156		0.1		9		0		9		1		1%		184		3.2%		15.7%		81.4%		65.7%		149		0.1		5		2		0		0		0%		187		2.6%		9.9%		90.1%		80.3%		144		0.0		8		0		3		0		0%		213		2.8%		9.5%		84.5%		75.0%		144		0.1		4		3		3		2		1%		154		1.9%		11.7%		83.6%		72.0%		144		0.0		5		3		2		0		0%		119		3.5%		9.7%		92.4%		82.6%		144		0.0		0		1		0		0		0%		212		0.0%		1.9%		100.0%		98.1%		140		0.0		3		2		1		0		0%		177		1.7%		1.9%		85.0%		83.1%		138		0.0		5		3		5		0		0%		228		2.1%		5.7%		86.5%		80.9%		138		0.0		1		0		2		0		0%		202		0.5%		0.9%		95.3%		94.4%		140		0.0		4		0		4		0		0%		58		6.1%		30.0%		62.1%		41.4%		125		0.0		6		0		4		0		0%		55		9.2%		10.7%		33.6%		39.3%		125		0.0		9		2		7		0		0%		108		7.3%		11.9%		36.2%		51.4%		125		0.1

		27		6/11/06		6		4		7		0		0%		74		2.9%		32.0%		68.0%		35.9%		183		0.0		9		0		11		0		0%		164		3.2%		19.7%		78.2%		58.5%		176		0.1		4		2		6		0		0%		177		2.1%		12.4%		88.4%		76.0%		171		0.0		4		0		0		0		0%		209		1.4%		9.5%		83.1%		73.6%		171		0.0		5		2		0		0		0%		149		2.3%		11.7%		81.3%		69.6%		171		0.0		0		1		2		0		0%		117		0.0%		11.1%		92.4%		81.3%		171		0.0		0		0		1		0		0%		211		0.0%		2.3%		100.0%		97.7%		167		0.0		3		3		0		0		0%		174		1.7%		1.9%		83.6%		81.7%		165		0.0		3		2		1		0		0%		224		1.3%		6.0%		85.5%		79.4%		165		0.0		2		0		0		0		0%		200		1.0%		0.9%		94.4%		93.5%		167		0.0		4		0		3		0		0%		51		6.9%		32.1%		59.3%		36.4%		152		0.0		5		0		3		0		0%		47		9.1%		12.9%		30.0%		33.6%		152		0.0		4		1		5		3		3%		99		3.7%		14.3%		34.3%		47.1%		152		0.0

		16		22/11/06		3		3		3		0		0%		68		1.5%		33.5%		66.5%		33.0%		199		0.0		11		0		7		0		0%		146		3.9%		22.2%		74.3%		52.1%		192		0.1		3		1		2		0		0%		172		1.7%		13.3%		87.1%		73.8%		187		0.0		0		1		1		0		0%		208		0.0%		9.9%		83.1%		73.2%		187		0.0		4		0		1		0		0%		144		1.9%		12.1%		79.4%		67.3%		187		0.0		1		1		0		0		0%		116		0.7%		11.1%		91.7%		80.6%		187		0.0		3		0		0		0		0%		208		1.4%		2.3%		98.6%		96.3%		183		0.0		0		0		1		0		0%		173		0.0%		2.3%		83.6%		81.2%		181		0.0		3		2		0		0		0%		221		1.3%		6.0%		84.4%		78.4%		181		0.0		4		4		2		0		0%		194		2.0%		1.9%		92.5%		90.7%		183		0.0		3		0		0		0		0%		48		5.9%		32.1%		57.1%		34.3%		168		0.0		2		0		0		0		0%		45		4.3%		12.9%		28.6%		32.1%		168		0.0		5		1		3		0		0%		91		5.1%		15.7%		31.9%		43.3%		168		0.0

		28		20/12/06		1		8		0		0		0%		67		0.5%		33.5%		66.0%		32.5%		227		0.0		10		17		3		0		0%		133		3.6%		23.2%		70.7%		47.5%		220		0.0		3		3		5		0		0%		164		1.7%		15.5%		85.8%		70.4%		215		0.0		1		6		0		0		0%		207		0.4%		9.9%		82.7%		72.9%		215		0.0		4		0		0		0		0%		140		1.9%		12.1%		77.6%		65.4%		215		0.0		1		1		0		0		0%		115		0.7%		11.1%		91.0%		79.9%		215		0.0		2		1		0		0		0%		206		1.0%		2.3%		97.7%		95.4%		211		0.0		3		0		1		0		0%		169		1.7%		2.8%		82.2%		79.3%		209		0.0		5		15		0		0		0%		216		2.3%		6.0%		82.6%		76.6%		209		0.0		3		5		1		0		0%		190		1.5%		2.3%		91.1%		88.8%		211		0.0		4		0		0		0		0%		44		8.3%		32.1%		54.3%		31.4%		196		0.0		0		0		0		0		0%		45		0.0%		12.9%		28.6%		32.1%		196		0.0		8		1		0		0		0%		83		8.8%		15.7%		28.1%		39.5%		196		0.0

		19		8/1/07		2		7		2		0		0%		63		1.0%		34.5%		65.0%		30.6%		246		0.0		10		8		6		0		0%		117		3.6%		25.4%		67.1%		41.8%		239		0.0		3		0		2		0		0%		159		1.8%		16.3%		84.5%		68.2%		234		0.0		4		6		2		0		0%		201		1.4%		10.6%		81.3%		70.8%		234		0.0		1		0		1		0		0%		138		0.5%		12.6%		77.1%		64.5%		234		0.0		1		3		0		0		0%		114		0.7%		11.1%		90.3%		79.2%		234		0.0		7		1		0		0		0%		199		3.4%		2.3%		94.4%		92.1%		230		0.0		1		0		1		2		0%		167		0.6%		3.3%		81.7%		78.4%		228		0.0		12		13		2		0		0%		202		5.6%		6.7%		78.4%		71.6%		228		0.1		2		0		0		0		0%		188		1.1%		2.3%		90.2%		87.9%		230		0.0		6		2		2		0		0%		36		13.6%		33.6%		50.0%		25.7%		215		0.0		2		0		0		0		0%		43		4.4%		12.9%		27.1%		30.7%		215		0.0		3		0		0		0		0%		80		3.6%		15.7%		26.7%		38.1%		215		0.0

		12		20/1/07		2		7		1		0		0%		60		1.0%		35.0%		64.1%		29.1%		258		0.0		5		7		8		0		0%		104		1.8%		28.2%		65.4%		37.1%		251		0.0		8		0		4		0		0%		147		5.0%		18.0%		81.1%		63.1%		246		0.0		4		2		1		0		0%		196		1.4%		10.9%		79.9%		69.0%		246		0.0		2		0		0		0		0%		136		0.9%		12.6%		76.2%		63.6%		246		0.0		2		4		1		0		0%		111		1.4%		11.8%		88.9%		77.1%		246		0.0		4		0		0		0		0%		195		2.0%		2.3%		92.6%		90.3%		242		0.0		6		0		0		0		0%		161		3.6%		3.3%		78.9%		75.6%		240		0.0		11		16		2		0		0%		189		5.4%		7.4%		74.5%		67.0%		240		0.0		3		0		0		0		0%		185		1.6%		2.3%		88.8%		86.4%		242		0.0		4		0		3		0		0%		29		11.1%		35.7%		47.1%		20.7%		227		0.0		4		0		5		0		0%		34		9.3%		16.4%		24.3%		24.3%		227		0.0		4		0		0		0		0%		76		5.0%		15.7%		24.8%		36.2%		227		0.0

		17		6/2/07		4		7		1		0		0%		55		1.9%		35.4%		62.1%		26.7%		275		0.0		7		5		5		0		0%		92		2.5%		30.0%		62.9%		32.8%		268		0.0		4		1		1		0		0%		142		2.7%		18.5%		79.4%		60.9%		263		0.0		2		2		0		0		0%		194		0.7%		10.9%		79.2%		68.3%		263		0.0		1		0		0		0		0%		135		0.5%		12.6%		75.7%		63.1%		263		0.0		4		2		0		0		0%		107		2.8%		11.8%		86.1%		74.3%		263		0.0		3		0		0		0		0%		192		1.5%		2.3%		91.2%		88.9%		259		0.0		3		0		0		0		0%		158		1.9%		3.3%		77.5%		74.2%		257		0.0		12		12		2		0		0%		175		6.3%		8.2%		70.2%		62.1%		257		0.0		3		0		2		0		0%		180		1.6%		3.3%		87.4%		84.1%		259		0.0		1		0		1		0		0%		27		3.4%		36.4%		46.4%		19.3%		244		0.0		2		0		0		0		0%		32		5.9%		16.4%		22.9%		22.9%		244		0.0		6		0		0		0		0%		70		7.9%		15.7%		21.9%		33.3%		244		0.0

		16		22/2/07		1		0		2		0		0%		52		0.5%		36.4%		61.7%		25.2%		291		0.0		3		4		2		0		0%		87		1.1%		30.7%		61.8%		31.0%		284		0.0		0		0		1		0		0%		141		0.0%		18.9%		79.4%		60.5%		279		0.0		3		9		1		0		0%		190		1.1%		11.3%		78.2%		66.9%		279		0.0		0		0		1		0		0%		134		0.0%		13.1%		75.7%		62.6%		279		0.0		1		0		0		0		0%		106		0.7%		11.8%		85.4%		73.6%		279		0.0		0		4		0		0		0%		192		0.0%		2.3%		91.2%		88.9%		275		0.0		0		5		0		0		0%		158		0.0%		3.3%		77.5%		74.2%		273		0.0		0		39		0		0		0%		175		0.0%		8.2%		70.2%		62.1%		273		0.0		0		1		0		0		0%		180		0.0%		3.3%		87.4%		84.1%		275		0.0		1		0		1		0		0%		25		3.7%		37.1%		45.7%		17.9%		260		0.0		1		0		0		0		0%		31		3.1%		16.4%		22.1%		22.1%		260		0.0		2		0		2		0		0%		66		2.9%		16.7%		21.0%		31.4%		260		0.0

		19		13/3/07		1		0		0		0		0%		51		0.5%		36.4%		61.2%		24.8%		310		0.0		2		4		3		0		0%		82		0.7%		31.8%		61.1%		29.3%		303		0.0		2		0		1		0		0%		138		1.4%		19.3%		78.5%		59.2%		298		0.0		4		9		2		0		0%		184		1.4%		12.0%		76.8%		64.8%		298		0.0		1		3		1		0		0%		132		0.5%		13.6%		75.2%		61.7%		298		0.0		1		0		0		0		0%		105		0.7%		11.8%		84.7%		72.9%		298		0.0		3		3		2		0		0%		187		1.6%		3.2%		89.8%		86.6%		294		0.0		1		0		0		0		0%		157		0.6%		3.3%		77.0%		73.7%		292		0.0		9		45		5		0		0%		161		5.1%		9.9%		67.0%		57.1%		292		0.0		0		1		0		0		0%		180		0.0%		3.3%		87.4%		84.1%		294		0.0		2		0		1		0		0%		22		8.0%		37.9%		44.3%		15.7%		279		0.0		1		0		0		0		0%		30		3.2%		16.4%		21.4%		21.4%		279		0.0		1		0		0		0		0%		65		1.5%		16.7%		20.5%		31.0%		279		0.0

		16		29/3/07		1		0		0		0		0%		50		0.5%		36.4%		60.7%		24.3%		326		0.0		0		4		1		0		0%		81		0.0%		32.2%		61.1%		28.9%		319		0.0		1		2		0		0		0%		137		0.7%		19.3%		78.1%		58.8%		314		0.0		4		8		1		0		0%		179		1.4%		12.3%		75.4%		63.0%		314		0.0		0		3		0		2		2%		132		0.0%		13.6%		75.2%		61.7%		314		0.0		0		0		0		0		0%		105		0.0%		11.8%		84.7%		72.9%		314		0.0		1		4		0		0		0%		186		0.5%		3.2%		89.4%		86.1%		310		0.0		2		0		0		0		0%		155		1.3%		3.3%		76.1%		72.8%		308		0.0		5		41		0		0		0%		156		3.1%		9.9%		65.2%		55.3%		308		0.0		0		1		0		0		0%		180		0.0%		3.3%		87.4%		84.1%		310		0.0		3		0		0		0		0%		19		13.6%		37.9%		42.1%		13.6%		295		0.0		3		0		0		0		0%		27		10.0%		16.4%		19.3%		19.3%		295		0.0		3		0		0		0		0%		62		4.6%		16.7%		19.0%		29.5%		295		0.0
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						82		75		157																				112		90.09		202.09																				51		46		97																				74		35		109																0				58		35		93																				24		17		41																				23		7		30																				53		7		60																				98		28		126																				27		7		34																				69		53		122																				89		23		112																				113		35		148

						39.8%		36.4%		76%																				40.0%		32.2%		72%																				21.9%		19.7%		42%																				26.1%		12.3%		38%																0				27.1%		16.4%		43%																				16.7%		11.8%		28%																				10.6%		3.2%		14%																				24.9%		3.3%		28%																				34.8%		9.9%		45%																				12.6%		3.3%		16%																				49.3%		37.9%		87%																				63.6%		16.4%		80%																				53.8%		16.7%		70%

		DATE				T. dead		T. fall		T. survive		t. left		T. corals left

		3/2/09		P.d A		39.8%		36%		60.2%		23.8%		49

				P.d B		40.0%		32%		60.0%		27.8%		78														survival		ave. live		stdev		detached		stdev		daed		stdev

				P.d C		21.9%		20%		78.1%		58.4%		136												P.d Pier		66.1%		36.7%		18.9%		29.4%		8.7%		33.9%		10.4%

				P.d D		26.1%		12.3%		73.9%		61.6%		175												P.d Ko Hae		76.7%		63.2%		7.6%		13.5%		2.5%		23.3%		5.7%

				P.d E		27.1%		16.4%		72.9%		56.5%		121				average survivership								P. dami		71.4%		49.9%		19.4%		21.5%		10.4%		28.6%		9.5%

				P.d F		16.7%		12%		83.3%		71.5%		103				67.6%								A.aspera		76.6%		71.1%		15.4%		5.5%		3.8%		23.4%		12.1%

				A.a A		10.6%		3%		89.4%		86.1%		186				T. no. corals								A. pulchra		87.4%		84.1%				3.3%				12.6%

				A.a B		24.9%		3%		75.1%		71.8%		153				1445								P. rus		44.4%		20.8%		8.4%		23.7%		12.3%		55.6%		7.3%

				A.a C		34.8%		10%		65.2%		55.3%		156				2776

				A.p		12.6%		3%		87.4%		84.1%		180				52.1%

				P.r A		49.3%		37.9%		50.7%		12.9%		18

				P.r B		63.6%		16.4%		36.4%		20.0%		28

				P.r C		53.8%		16.7%		46.2%		29.5%		62

								P. dami				P. dami						A.aspera				A.aspera						A. pulchra		A. pulchra				P. rus				P. rus

								sur.		stdev		det.		stdev				sur.		stdev		det.		stdev				sur.		det.				sur.		stdev		det.		stdev

						0		100.0%		0.0%		0.0%		0.0%				100.0%		0.0%		0.0%		0.0%				100.0%		0.0%				100.0%		0.0%		0.0%		0.0%

						47		99.5%		0.0162803366		1.0%		0.0062019138				92.9%		0.0646096066		1.8%		0.0062569304				98.1%		0.0%				77.2%		0.0869074798		14.5%		0.1093425

						71		96.5%		0.0333769351		7.3%		0.0264283482				92.4%		0.0679740407		2.3%		0.0112817112				97.7%		0.0%				60.3%		0.1421875844		14.5%		0.1093425

						85		94.1%		0.0571272906		9.7%		0.0712151855				92.0%		0.0709719309		2.3%		0.0112817112				96.7%		0.0%				49.4%		0.153831145		14.5%		0.1093425

						102		90.6%		0.0743106401		9.8%		0.0703141224				91.6%		0.0737075105		2.4%		0.0132952207				95.8%		0.0%				47.8%		0.1497225956		14.5%		0.1093425

						120		89.1%		0.0725461886		9.9%		0.0722183607				90.5%		0.0826319554		3.1%		0.0219908837				95.3%		0.9%				44.0%		0.1579404961		17.5%		0.1080735591

						156		86.4%		0.0757069289		11.3%		0.074575987				89.7%		0.0899049517		3.4%		0.0228062325				94.4%		0.9%				41.2%		0.1581676541		19.8%		0.1074598485

						183		84.7%		0.0850297704		12.9%		0.0857957657				88.9%		0.0845593122		3.6%		0.0213467195				92.5%		1.9%				39.2%		0.1562262832		20.2%		0.1040833

						199		83.1%		0.0906430441		13.7%		0.0918391813				87.5%		0.0883265408		3.7%		0.0201478274				91.1%		2.3%				37.0%		0.1498550572		20.2%		0.1040833

						227		81.6%		0.0941598075		14.4%		0.0917472261				84.8%		0.0848655927		4.1%		0.0232435238				90.2%		2.3%				34.6%		0.133361675		20.7%		0.1122588118

						246		80.1%		0.0990078033		15.2%		0.0958461745				82.0%		0.0945272278		4.3%		0.0272612154				88.8%		2.3%				32.1%		0.1306128354		22.6%		0.1134643101

						258		78.3%		0.0962436757		16.3%		0.0997662517				79.6%		0.1066121543		4.6%		0.0312988688				87.4%		3.3%				30.4%		0.1389206313		22.9%		0.1175862688

						275		76.7%		0.0970161019		16.8%		0.1044439057				79.6%		0.1066121543		4.6%		0.0312988688				87.4%		3.3%				29.6%		0.1396532256		23.4%		0.1189126219

						291		76.1%		0.0980689869		17.2%		0.1073662361				77.9%		0.1142633259		5.5%		0.0384840464				87.4%		3.3%				28.7%		0.1347991984		23.7%		0.1230363526

						310		75.3%		0.0969077733		17.7%		0.1075717285				76.9%		0.1207318438		5.5%		0.0384840464				87.4%		3.3%				26.8%		0.1326584393		23.7%		0.1230363526

						326		74.9%		0.0966239071		17.8%		0.1077393522				76.6%		0.1211751614		5.5%		0.0384840464				87.4%		3.3%				26.6%		0.1285346802		23.7%		0.1230363526

						337		73.7%		0.0950464228		18.5%		0.1043007007

						Species		P. damicornis						A. pulchra						A. aspera						P. rus

						Genotype		# F		% S		% D		# F		% S		% D		# F		% S		% D		# F		% S		% D

						A		49		60		36		186		89		3		180		87		3		18		41		38

						B		78		60		32		153		75		3								27		19		16

						C		136		78		20		156		65		10								62		19		17

						D		175		74		12

						E		121		73		16

						F		103		83		12

						Total		662						495						180						107

						Average				71.3		21.3				76.3		5.3				87.0		3.0		35.7		26.3		23.7

						Stdev				9.5		10.3				12.1		4.0								23.2		12.7		12.4

										75.1 ± 11.9    A		19.8 ± 10.2   B

										75.1		19.8						Ko Hae		Pier

										11.9		10

						Species Genotype		P. damicornis		A. pulchra		A. aspera		P. rus								0.7		0.213

						A		(from pier)														0.1		0.1

								206		216		214		140								0.8		0.198

						B		(from pier)														0.1		0.11

								280		213				140

						C		(from pier)

								233		282				210

						D		(from Ko Hae)

								284

						E		(from Ko Hae)

								214

						F		(from Ko Hae)

								144

						Total		1361		711		214		490
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Chart1

		A. formosa		A. formosa		0.0783889139		0.0783889139		0.0640708327		0.0640708327		0.1408199195		0.0732848233		0.1558208109		0.1558208109		0.0492475617		0.0492475617

		M. aequituberculata		M. aequituberculata		0.117002011		0.117002011		0.1499503004		0.1499503004		0.1961246944		0.1635324558		0.0471705108		0.0471705108		0.0935122329		0.0935122329

		P. rus		P. rus		0.171254762		0.171254762		0.1762550249		0.1762550249		0.1715982282		0.1009246508		0.0188788054		0.0188788054		0.0812414637		0.0812414637
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ko hae

				Ko Hae		2005								Ko Hae		2006												Ko Hae		2006 first year rearing

		first year												second year

		species		genotype		pf		sp		p. bleached		sur before last check		species		genotype		pf		sp								species		genotype		fp		sp

		1		1		0.0704225352		0.923943662		0.0009275907		0.9267605634		1		1		0.0502809311		0.6987179487				1- Acropora				1		1		0.0174672489		0.7467248908

		1		2		0.3742857143		0.8171428571		0.0220511505		0.8171428571		1		2		0.1081081081		0.6081081081				2- montipora				1		2		0.0238095238		0.7428571429

		1		3		0.0657142857		0.7842857143		0.0064577146		0.8328571429		2		1		0.1331168831		0.5746753247				3-porites				1		3		0.0912280702		0.4842105263

		1		4		0.0528571429		0.74		0.0008646835		0.9171428571		2		2		0.0744680851		0.2624113475				4-pocilopora				2		1		0.1218130312		0.4560906516

		2		1		0.1314285714		0.5742857143		0.0317525003		0.5814285714		2		3		0.1517241379		0.5827586207								2		2		0.0764872521		0.3201133144

		2		2		0.2071428571		0.7047619048		0.0898005512		0.7119047619		2		4		0.2948207171		0.4422310757								2		3		0.0535211268		0.6507042254

		2		3		0.2014285714		0.6685714286		0.0047684206		0.6728571429		3		1		0.0434782609		0.5652173913								4		1		0.1972477064		0.7018348624

		2		4		0.2444987775		0.8557457213		0.0013293783		0.8679706601		3		2		0.1583710407		0.814479638								4		2		0.33632287		0.6143497758

		3		1		0.1538423035		0.2457142857		0.0698294737		0.2528571429																4		3		0.276816609		0.7058823529

		3		2		0.1914285714		0.4342857143		0.084110215		0.46																4		4		0.2073732719		0.8341013825

		3		3		0.1695238095		0.5876190476		0.0066153091		0.5952380952																4		5		0.1037735849		0.7028301887

		4		1		0.2785714286		0.6285714286		0																		4		6		0.0654205607		0.9485981308

																												origin		genotype

																										Ko Hae		1		1		0.1972477064				0.7018348624						1		1		0.1972477064				0.7018348624

																										Pier		1		2		0.33632287				0.6143497758						1		2		0.33632287		0.2701290618		0.6143497758		0.6740223304

																												1		3		0.276816609				0.7058823529						1		3		0.276816609		0.0697783472		0.7058823529		0.0517175587

																												1		4		0.2073732719				0.8341013825						2		1		0.3640776699				0.6019417476

																												1		5		0.1037735849				0.7028301887						2		2		0.32175		0.2944175209		0.6		0.6610192091

																												1		6		0.0654205607		0.1978257672		0.9485981308		0.7512661155				2		3		0.1974248927		0.0866232379		0.7811158798		0.104011299

																												2		1		0.3640776699		0.1018719208		0.6019417476		0.1194963292				1		4		0.2073732719				0.8341013825

																												2		2		0.32175				0.6						1		5		0.1037735849		0.1255224725		0.7028301887		0.8285099007

																												2		3		0.1974248927				0.7811158798						1		6		0.0654205607		0.0734329874		0.9485981308		0.1229793432

																												2		4		0.1232394366				0.7394366197						2		4		0.1232394366				0.7394366197

																												2		5		0.1635514019				0.7289719626						2		5		0.1635514019		0.134948798		0.7289719626		0.7672473052

																												2		6		0.1180555556		0.2146831594		0.8333333333		0.7141332572				2		6		0.1180555556		0.0249058199		0.8333333333		0.0574708587

						year		species		genotype		pf		sp		sur before last check																		0.1043007007				0.0950464228

						1		1		1		0.0704225352		0.923943662		0.9267605634

						1		1		2				0.8171428571		0.8171428571

						1		1		3		0.0657142857		0.7842857143		0.8328571429

						1		1		4		0.0528571429		0.7385714286		0.9171428571

						1		2		1		0.1314285714		0.5742857143		0.5814285714

						1		2		2		0.2071428571		0.7119047619		0.7119047619

						1		2		3		0.1957142857		0.6728571429		0.6728571429

						1		2		4		0.2444987775		0.8557457213		0.8679706601

						1		3		1		0.15		0.2457142857		0.2528571429

						1		3		2		0.1914285714		0.4342857143		0.46

						1		3		3		0.1695238095		0.5876190476		0.5952380952

						2		1		1		0.0384615385		0.6987179487

						2		1		2		0.1081081081		0.6081081081

						2		2		1		0.1331168831		0.5746753247

						2		2		2		0.0744680851		0.2624113475

						2		2		3		0.1517241379		0.5827586207

						2		2		4		0.2948207171		0.4422310757

						2		3		1		0.0434782609		0.5652173913

						2		3		2		0.1583710407		0.814479638

																						first year				second year

														year		species		sur		det		ave. sur		ave.det		ave. sur		ave.det

												A. formosa		1		1		0.923943662		0.0704225352

														1		1		0.8171428571		0.3742857143

														1		1		0.7842857143		0.0657142857

														1		1		0.74		0.0528571429		0.8163430584		0.1408199195		0.6534130284		0.0732848233

												M. aequituberculata		1		2		0.5742857143		0.1314285714		0.0783889139		0.1558208109		0.0640708327		0.0492475617

														1		2		0.7047619048		0.2071428571

														1		2		0.6685714286		0.2014285714

														1		2		0.8557457213		0.2444987775		0.7008411922		0.1961246944		0.4655190921		0.1635324558

												P. rus		1		3		0.2457142857		0.1538423035		0.117002011		0.0471705108		0.1499503004		0.0935122329

														1		3		0.4342857143		0.1914285714

														1		3		0.5876190476		0.1695238095		0.4225396825		0.1715982282		0.6898485147		0.1009246508

														2		1		0.6987179487		0.0384615385		0.171254762		0.0188788054		0.1762550249		0.0812414637

														2		1		0.6081081081		0.1081081081

														2		2		0.5746753247		0.1331168831

														2		2		0.2624113475		0.0744680851

														2		2		0.5827586207		0.1517241379

														2		2		0.4422310757		0.2948207171

														2		3		0.5652173913		0.0434782609

														2		3		0.814479638		0.1583710407





ko hae

		0		0		0.1194963292		0.1018719208		0.1018719208		0.1194963292

		0		0		0.0950464228		0.1043007007		0.1043007007		0.0950464228
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		0		0		0.0517175587		0.0517175587		0.0697783472		0.0697783472

		0		0		0.104011299		0.104011299		0.0866232379		0.0866232379
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trays

		0		0		0.1229793432		0.1229793432		0.0734329874		0.0734329874

		0		0		0.0574708587		0.0574708587		0.0249058199		0.0249058199
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growth

		0		0		0.0783889139		0.0783889139		0.0640708327		0.0640708327		0		0		0.1558208109		0.1558208109		0.0492475617		0.0492475617

		0		0		0.117002011		0.117002011		0.1499503004		0.1499503004		0		0		0.0471705108		0.0471705108		0.0935122329		0.0935122329

		0		0		0.171254762		0.171254762		0.1762550249		0.1762550249		0		0		0.0188788054		0.0188788054		0.0812414637		0.0812414637
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						PC/A																								PC/B																								PC/C																								PC/D																								PC/E																								PC/F																								AC/A																								AC/B																								AC/C																								AC.p/A																								P.r A																								P.r B																								P.r C

						206		38844																						280		38851																						233		38856																						284		38856																						214		38856																						144		38856																						216		38860																						213		38862																						282		38862																						214		38860																						140		38875																						140		38875																						210		38875

		tp		DATE		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time		dead		pd		fall		bleach		p.b		cl		dp		fp		sp		% cl		DAYS		dead/time

		19		38863		9		6		3		80		0.412371134		194		0.0436893204						0.9417475728		19		0.4736842105		3		9		3		21		0.0766423358		274		0.0107142857						0.9785714286		12		0.25		0		0		2		9		0.038961039		231		0						0.991416309		7		0		2		0		5		6		0.0216606498		277		0.0070422535						0.9753521127		7		0.2857142857		2		2		3		9		0.043062201		209		0.0093457944						0.976635514		7		0.2857142857		0		0		0		14		0.0972222222		144		0						1		7		0																						3

		52		38915		11		0		14		0		0		169		0.0533980583						0.8203883495		71		0.2115384615		18		2		31		0		0		225		0.0642857143						0.8035714286		64		0.28125		3		0		12		0		0		216		0.012987013						0.9270386266		59		0.046875		6		0		8		0		0		263		0.0211267606						0.926056338		59		0.1016949153		6		0		10		0		0		193		0.0280373832						0.9018691589		59		0.1016949153		3		0		11		0		0		130		0.0208333333						0.9027777778		59		0.0508474576		0		0		3		0		0		213		0						0.9861111111		55		0		27		1		3		0		0		183		0.1267605634						0.8591549296		53		0.4909090909		24		0		7		0		0		251		0.085106383						0.890070922		53		0.4528301887		4		0		0		0		0		210		0.0186915888						0.9813084112		55		0.0754716981		18		10		38		0		0		84		0.1285714286						0.6		40		0.45		37		12		11		0		0		92		0.2642857143						0.6571428571		40		0.925		61		6		18		0		0		131		0.2904761905						0.6238095238		40		1.525

		14		38929		16		0		38		0		0		115		0.0776699029						0.5582524272		85		0.1882352941		8		0		0.09		0		0		216.91		0.0285714286						0.7746785714		78		0.1025641026		1		0		9		0		0		206		0.0046296296						0.8841201717		73		0.0128205128		13		0		11		0		0		239		0.0457746479						0.8415492958		73		0.1780821918		7		0.007629108		9		0		0		177		0.0327102804						0.8271028037		73		0.095890411		1		0		0		0		0		129		0.0069444444						0.8958333333		73		0.0136986301		0		0		1		0		0		212		0						0.9814814815		69		0		1		0		0		0		0		182		0.0054644809						0.8544600939		67		0.0144927536		3		0		3		0		0		245		0.0119521912						0.8687943262		67		0.0447761194		1		0		0		0		0		209		0.0047619048						0.976635514		69		0.0149253731		15		0		0		0		0		69		0.1785714286						0.4928571429		54		0.2173913043		26		0		0		0		0		66		0.2826086957						0.4714285714		54		0.4814814815		45		0		0		0		0		86		0.3435114504						0.4095238095		54		0.8333333333

		17		38946		15		0		0		0		0		100		0.072815534						0.4854368932		102		0.1470588235		13		0		0		0		0		203.91		0.0464285714						0.72825		95		0.1368421053		9		0		0		0		0		197		0.0436893204						0.8454935622		90		0.0947368421		10		0		0		0		0		229		0.0352112676						0.8063380282		90		0.1111111111		9		0		0		0		0		168		0.0420560748						0.785046729		90		0.1		2		0		1		0		0		126		0.0138888889						0.875		90		0.0222222222		0		0		0		0		0		212		0						0.9814814815		86		0		1		0		0		0		0		181		0.0054945055						0.8497652582		84		0.011627907		2		0		0		0		0		243		0.0081632653						0.8617021277		84		0.0238095238		2		0		0		0		0		207		0.009569378						0.9672897196		86		0.0238095238		13		0		0		0		0		56		0.1884057971						0.4		71		0.1511627907		22		0		0		0		0		44		0.3333333333						0.3142857143		71		0.3098591549		16		0		0		0		0		70		0.1860465116						0.3333333333		71		0.2253521127

		18		38964		1		0		1		0		0		98		0.0048543689						0.4757281553		120		0.0083333333		1		0		1		0		0		201.91		0.0035714286						0.7211071429		113		0.0088495575		5		0		0		0		0		192		0.0253807107						0.8240343348		108		0.0442477876		5		0		0		0		0		224		0.0176056338						0.7887323944		108		0.0462962963		7		0		0		0		0		161		0.0327102804						0.7523364486		108		0.0648148148		0		0		0		0		0		126		0						0.875		108		0		0		0		0		0		0		212		0						0.9814814815		104		0		0		0		0		0		0		181		0						0.8497652582		102		0		4		0		1		0		0		238		0.0164609053						0.8439716312		102		0.0392156863		2		0		0		0		0		205		0.0096618357						0.9579439252		104		0.0196078431		3		0		0		0		0		66		0.0535714286						0.4714285714		89		0.0288461538		2		0		0		0		0		65		0.0454545455						0.4642857143		89		0.0224719101		3		0		0		0		0		124		0.0428571429						0.5904761905		89		0.0337078652

		36		39000		8		3		3		0		0		87		0.0388349515						0.4223300971		156		0.0512820513		9		0		9		1		0.0054374422		183.91		0.0321428571						0.6568214286		149		0.0604026846		5		2		0		0		0		187		0.0260416667						0.8025751073		144		0.033557047		8		0		3		0		0		213		0.0281690141						0.75		144		0.0555555556		4		3		3		2		0.012987013		154		0.0186915888						0.7196261682		144		0.0277777778		5		3		2		0		0		119		0.0347222222						0.8263888889		144		0.0347222222		0		1		0		0		0		212		0						0.9814814815		140		0		3		2		1		0		0		177		0.0165745856						0.8309859155		138		0.0214285714		5		3		5		0		0		228		0.0210084034						0.8085106383		138		0.0362318841		1		0		2		0		0		202		0.0048780488						0.9439252336		140		0.0072463768		4		0		4		0		0		58		0.0606060606						0.4142857143		125		0.0285714286		6		0		4		0		0		55		0.0923076923						0.3928571429		125		0.048		9		2		7		0		0		108		0.0725806452						0.5142857143		125		0.072

		27		39027		6		4		7		0		0		74		0.0291262136						0.359223301		183		0.0327868852		9		0		11		0		0		163.91		0.0321428571						0.5853928571		176		0.0511363636		4		2		6		0		0		177		0.0213903743						0.7596566524		171		0.0227272727		4		0		0		0		0		209		0.014084507						0.735915493		171		0.0233918129		5		2		0		0		0		149		0.023364486						0.6962616822		171		0.0292397661		0		1		2		0		0		117		0						0.8125		171		0		0		0		1		0		0		211		0						0.9768518519		167		0		3		3		0		0		0		174		0.0169491525						0.8169014085		165		0.0179640719		3		2		1		0		0		224		0.0131578947						0.7943262411		165		0.0181818182		2		0		0		0		0		200		0.0099009901						0.9345794393		167		0.0121212121		4		0		3		0		0		51		0.0689655172						0.3642857143		152		0.0239520958		5		0		3		0		0		47		0.0909090909						0.3357142857		152		0.0328947368		4		1		5		3		0.0303030303		99		0.037037037						0.4714285714		152		0.0263157895

		16		39043		3		3		3		0		0		68		0.0145631068						0.3300970874		199		0.0150753769		11		0		7		0		0		145.91		0.0392857143						0.5211071429		192		0.0572916667		3		1		2		0		0		172		0.0169491525						0.7381974249		187		0.015625		0		1		1		0		0		208		0						0.7323943662		187		0		4		0		1		0		0		144		0.0186915888						0.6728971963		187		0.0213903743		1		1		0		0		0		116		0.0069444444						0.8055555556		187		0.0053475936		3		0		0		0		0		208		0.0142180095						0.962962963		183		0.0160427807		0		0		1		0		0		173		0						0.8122065728		181		0		3		2		0		0		0		221		0.0133928571						0.7836879433		181		0.0165745856		4		4		2		0		0		194		0.02						0.9065420561		183		0.0220994475		3		0		0		0		0		48		0.0588235294						0.3428571429		168		0.0163934426		2		0		0		0		0		45		0.0425531915						0.3214285714		168		0.0119047619		5		1		3		0		0		91		0.0505050505						0.4333333333		168		0.0297619048

		28		39071		1		8		0		0		0		67		0.0048543689						0.3252427184		227		0.0044052863		10		17		3		0		0		132.91		0.0357142857						0.4746785714		220		0.0454545455		3		3		5		0		0		164		0.0174418605						0.7038626609		215		0.0136363636		1		6		0		0		0		207		0.0035211268						0.7288732394		215		0.0046511628		4		0		0		0		0		140		0.0186915888						0.6542056075		215		0.0186046512		1		1		0		0		0		115		0.0069444444						0.7986111111		215		0.0046511628		2		1		0		0		0		206		0.0096153846						0.9537037037		211		0.0093023256		3		0		1		0		0		169		0.0173410405						0.79342723		209		0.0142180095		5		15		0		0		0		216		0.0226244344						0.7659574468		209		0.023923445		3		5		1		0		0		190		0.0154639175						0.8878504673		211		0.014354067		4		0		0		0		0		44		0.0833333333						0.3142857143		196		0.018957346		0		0		0		0		0		45		0						0.3214285714		196		0		8		1		0		0		0		83		0.0879120879						0.3952380952		196		0.0408163265

		19		39090		2		7		2		0		0		63		0.0097087379						0.3058252427		246		0.0081300813		10		8		6		0		0		116.91		0.0357142857						0.4175357143		239		0.0418410042		3		0		2		0		0		159		0.0182926829						0.6824034335		234		0.0125523013		4		6		2		0		0		201		0.014084507						0.7077464789		234		0.0170940171		1		0		1		0		0		138		0.0046728972						0.6448598131		234		0.0042735043		1		3		0		0		0		114		0.0069444444						0.7916666667		234		0.0042735043		7		1		0		0		0		199		0.0339805825						0.9212962963		230		0.0299145299		1		0		1		2		0		167		0.0059171598						0.7840375587		228		0.0043478261		12		13		2		0		0		202		0.0555555556						0.7163120567		228		0.0526315789		2		0		0		0		0		188		0.0105263158						0.8785046729		230		0.0087719298		6		2		2		0		0		36		0.1363636364						0.2571428571		215		0.0260869565		2		0		0		0		0		43		0.0444444444						0.3071428571		215		0.0093023256		3		0		0		0		0		80		0.0361445783						0.380952381		215		0.0139534884

		12		39102		2		7		1		0		0		60		0.0097087379						0.2912621359		258		0.007751938		5		7		8		0		0		103.91		0.0178571429						0.3711071429		251		0.0199203187		8		0		4		0		0		147		0.0503144654						0.6309012876		246		0.03187251		4		2		1		0		0		196		0.014084507						0.6901408451		246		0.0162601626		2		0		0		0		0		136		0.0093457944						0.6355140187		246		0.0081300813		2		4		1		0		0		111		0.0138888889						0.7708333333		246		0.0081300813		4		0		0		0		0		195		0.0201005025						0.9027777778		242		0.0162601626		6		0		0		0		0		161		0.0359281437						0.7558685446		240		0.0247933884		11		16		2		0		0		189		0.0544554455						0.670212766		240		0.0458333333		3		0		0		0		0		185		0.0159574468						0.8644859813		242		0.0125		4		0		3		0		0		29		0.1111111111						0.2071428571		227		0.0165289256		4		0		5		0		0		34		0.0930232558						0.2428571429		227		0.0176211454		4		0		0		0		0		76		0.05						0.3619047619		227		0.0176211454

		17		39119		4		7		1		0		0		55		0.0194174757						0.2669902913		275		0.0145454545		7		5		5		0		0		91.91		0.025						0.32825		268		0.026119403		4		1		1		0		0		142		0.0272108844						0.6094420601		263		0.0149253731		2		2		0		0		0		194		0.0070422535						0.6830985915		263		0.0076045627		1		0		0		0		0		135		0.0046728972						0.6308411215		263		0.0038022814		4		2		0		0		0		107		0.0277777778						0.7430555556		263		0.0152091255		3		0		0		0		0		192		0.0153846154						0.8888888889		259		0.0114068441		3		0		0		0		0		158		0.0186335404						0.7417840376		257		0.0115830116		12		12		2		0		0		175		0.0634920635						0.6205673759		257		0.046692607		3		0		2		0		0		180		0.0162162162						0.8411214953		259		0.0116731518		1		0		1		0		0		27		0.0344827586						0.1928571429		244		0.0038610039		2		0		0		0		0		32		0.0588235294						0.2285714286		244		0.0081967213		6		0		0		0		0		70		0.0789473684						0.3333333333		244		0.0245901639

		16		39135		1		0		2		0		0		52		0.0048543689						0.2524271845		291		0.0034364261		3		4		2		0		0		86.91		0.0107142857						0.3103928571		284		0.0105633803		0		0		1		0		0		141		0						0.6051502146		279		0		3		9		1		0		0		190		0.0105633803						0.6690140845		279		0.0107526882		0		0		1		0		0		134		0						0.6261682243		279		0		1		0		0		0		0		106		0.0069444444						0.7361111111		279		0.0035842294		0		4		0		0		0		192		0						0.8888888889		275		0		0		5		0		0		0		158		0						0.7417840376		273		0		0		39		0		0		0		175		0						0.6205673759		273		0		0		1		0		0		0		180		0						0.8411214953		275		0		1		0		1		0		0		25		0.037037037						0.1785714286		260		0.0036363636		1		0		0		0		0		31		0.03125						0.2214285714		260		0.0038461538		2		0		2		0		0		66		0.0285714286						0.3142857143		260		0.0076923077

		19		39154		1		0		0		0		0		51		0.0048543689						0.2475728155		310		0.0032258065		2		4		3		0		0		81.91		0.0071428571						0.2925357143		303		0.0066006601		2		0		1		0		0		138		0.0141843972						0.5922746781		298		0.0066006601		4		9		2		0		0		184		0.014084507						0.6478873239		298		0.0134228188		1		3		1		0		0		132		0.0046728972						0.6168224299		298		0.0033557047		1		0		0		0		0		105		0.0069444444						0.7291666667		298		0.0033557047		3		3		2		0		0		187		0.015625						0.8657407407		294		0.0100671141		1		0		0		0		0		157		0.0063291139						0.7370892019		292		0.0034013605		9		45		5		0		0		161		0.0514285714						0.5709219858		292		0.0308219178		0		1		0		0		0		180		0						0.8411214953		294		0		2		0		1		0		0		22		0.08						0.1571428571		279		0.0068027211		1		0		0		0		0		30		0.0322580645						0.2142857143		279		0.0035842294		1		0		0		0		0		65		0.0151515152						0.3095238095		279		0.0035842294

		16		39170		1		0		0		0		0		50		0.0048543689						0.2427184466		326		0.0030674847		0		4		1		0		0		80.91		0						0.2889642857		319		0		1		2		0		0		0		137		0.0072463768						0.5879828326		314		0.0031347962		4		8		1		0		0		179		0.014084507						0.6302816901		314		0.0127388535		0		3		0		2		0.0151515152		132		0						0.6168224299		314		0		0		0		0		0		0		105		0						0.7291666667		314		0		1		4		0		0		0		186		0.0053475936						0.8611111111		310		0.0031847134		2		0		0		0		0		155		0.0127388535						0.7276995305		308		0.0064516129		5		41		0		0		0		156		0.0310559006						0.5531914894		308		0.0162337662		0		1		0		0		0		180		0						0.8411214953		310		0		3		0		0		0		0		19		0.1363636364						0.1357142857		295		0.0096774194		3		0		0		0		0		27		0.1						0.1928571429		295		0.0101694915		3		0		0		0		0		62		0.0461538462						0.2952380952		295		0.0101694915

		11		39181		1		7		0		0		0		49		0.0048543689						0.2378640777		337		0.0029673591		3		12		0		0		0		77.91		0.0107142857						0.27825		330		0.0090909091		0		9		1		0		0		136		0						0.5836909871		325		0		4		15		0		0		0		175		0.014084507						0.6161971831		325		0.0123076923		5		7		6		0		0		121		0.023364486						0.5654205607		325		0.0153846154		2		3		0		0		0		103		0.0138888889						0.7152777778		325		0.0061538462		0		0		0		0		0		186		0						0.8611111111		321		0		2		36		0		0		0		153		0.0129032258						0.7183098592		319		0.0062305296		0		43		0		0		0		156		0						0.5531914894		319		0		0		0		0		0		0		180		0						0.8411214953		321		0		1		10		0		0		0		18		0.0526315789						0.1285714286		306		0.0031152648		0		0		0		0		0		27		0						0.1928571429		306		0		0		0		0		0		0		62		0						0.2952380952		306		0

				second year

				species		genotype		pf		sp								1-A. aspera

				1		1		0.0324074074		0.8935185185								2-A. pulchra

				1		2		0.0328638498		0.7511737089								3-P. rus

				1		3		0.0992907801		0.6524822695								4-P. damicornis

				2		1		0.0327102804		0.8738317757

				3		1		0.3785714286		0.4142857143

				3		2		0.1642857143		0.1928571429

				3		3		0.1666666667		0.1904761905

				4		1		0.3640776699		0.6019417476				P.d

				4		2		0.32175		0.6				origin

				4		3		0.1974248927		0.7811158798				2		1		0.3640776699		0.6019417476

				4		4		0.1232394366		0.7394366197				2		2		0.32175		0.6

				4		5		0.1635514019		0.7289719626				2		3		0.1974248927		0.7811158798

				4		6		0.1180555556		0.8333333333				2		4		0.1232394366		0.7394366197

														2		5		0.1635514019		0.7289719626

														2		6		0.1180555556		0.8333333333

						first year

										t. fall		. Bleach

						MN/A		2		0.10571429		0.55535874

						MN/B		2		0.04335260		0.71370143

						MN/C		2		0.03869048		1.00000000

						PO/A		3		0.22857143		0.50644259

						PO/B		3		0.14000000		0.91537674

						PO/C		3		0.22000000		0.71312907

						PC/A		4		0.14067451		0.72234043

						PC/B		4		0.09090909		0.48768493





		18.07.07

		species/ genotype		dead		fall		pf				sp

		Pc A		10		8		0.1428571429				0.8857142857

		Pc A		21		6		0.3				0.9142857143

		Pc A		26		16		0.3714285714		0.2714285714		0.7714285714		0.8571428571				year		species		genotype		pf		sp

		Pc B		19		14		0.2714285714				0.8						2		4		1		0.2714285714		0.8571428571

		Pc B		33		13		0.4714285714				0.8142857143						2		4		2		0.3523809524		0.7857142857

		Pc B		22		18		0.3142857143		0.3523809524		0.7428571429		0.7857142857				2		4		3		0.2428571429		0.8428571429

		Pc C		28		1		0.4				0.9857142857						2		4		4		0.1285714286		0.8428571429

		Pc C		17		8		0.2428571429				0.8857142857						2		4		5		0.2714285714		0.9238095238

		Pc C		13		7		0.1857142857				0.9						2		4		6		0.0380952381		0.9333333333

		Pc C		10		28		0.1428571429		0.2428571429		0.6		0.8428571429				2		2		1		0.4514285714		0.9

		Pc D		14		9		0.2				0.8714285714						2		2		2		0.4742857143		0.96

		Pc D		9		16		0.1285714286				0.7714285714						2		2		3		0.3028571429		0.9685714286

		Pc D		4		8		0.0571428571		0.1285714286		0.8857142857		0.8428571429				2		1		1		0.1904761905		0.9857142857

		Pc E		30		9		0.4285714286				0.8714285714						2		1		2		0.2476190476		0.9714285714

		Pc E		18		6		0.2571428571				0.9142857143						2		1		3		0.3535714286		0.9464285714

		Pc E		9		1		0.1285714286		0.2714285714		0.9857142857		0.9238095238

		Pc F		1		3		0.0142857143				0.9571428571

		Pc F		1		3		0.0142857143				0.9571428571

		Pc F		6		8		0.0857142857		0.0380952381		0.8857142857		0.9333333333

		Mn A		35		8		0.5				0.8857142857

		Mn A		32		6		0.4571428571				0.9142857143

		Mn A		35		6		0.5				0.9142857143

		Mn A		31		3		0.4428571429				0.9571428571

		Mn A		25		12		0.3571428571		0.4514285714		0.8285714286		0.9

		Mn B		0		0		0				1

		Mn B		40		3		0.5714285714				0.9571428571

		Mn B		44		4		0.6285714286				0.9428571429

		Mn B		52		3		0.7428571429				0.9571428571

		Mn B		30		4		0.4285714286		0.4742857143		0.9428571429		0.96

		Mn C		24		5		0.3428571429				0.9285714286

		Mn C		24		0		0.3428571429				1

		Mn C		14		1		0.2				0.9857142857

		Mn C		17		4		0.2428571429				0.9428571429

		Mn C		27		1		0.3857142857		0.3028571429		0.9857142857		0.9685714286

		Ac A		18		0		0.2571428571				1

		Ac A		10		1		0.1428571429				0.9857142857

		Ac A		12		2		0.1714285714		0.1904761905		0.9714285714		0.9857142857

		Ac B		14		1		0.2				0.9857142857

		Ac B		23		2		0.3285714286				0.9714285714

		Ac B		15		3		0.2142857143		0.2476190476		0.9571428571		0.9714285714

		Ac C		21		6		0.3				0.9142857143

		Ac C		32		4		0.4571428571				0.9428571429

		Ac C		23		2		0.3285714286				0.9714285714

		Ac C		23		3		0.3285714286		0.3535714286		0.9571428571		0.9464285714

		corals from 2005		0		0		0				1

		MN D		16		4		0.2285714286				0.9428571429

		MN D		17		4		0.2428571429				0.9428571429

		MN D		28		1		0.4				0.9857142857		0.9571428571

		MN A		20		5		0.2857142857				0.9285714286

		MN A		22		5		0.3142857143				0.9285714286

		MN A		20		6		0.2857142857				0.9142857143

		MN A		23		8		0.3285714286				0.8857142857

		Mn F		20		17		0.2857142857				0.7571428571

		Mn F		15		2		0.2142857143				0.9714285714

		Mn F		16		6		0.2285714286				0.9142857143		0.880952381

		Mn E		36		5		0.5142857143				0.9285714286

		Mn E		29		9		0.4142857143				0.8714285714

		Mn E		25		5		0.3571428571				0.9285714286

		Mn E		16		10		0.2285714286				0.8571428571

		Mn E		6		14		0.0857142857				0.8

		Ac D		5		3		0.0714285714				0.9571428571

		Ac D		8		2		0.1142857143				0.9714285714

		Ac C		4		1		0.0571428571				0.9857142857

		Ac C		8		0		0.1142857143				1

		Ac C		4		9		0.0571428571				0.8714285714

		Ac C		2		0		0.0285714286				1

		Ac C		4		1		0.0571428571				0.9857142857

		Ac C		3		0		0.0428571429				1

		Po B		1		-		11				PR B1 05		12		7		2		2

		Po C		6		-		23								12		10		1

		Po D		2		-		19				PR D1 05		42		-11		15		15

		Po D		2		-		91				PR D2 05		58		71		9		11

		Po D		1		-		46				PR D3 05		29		33		5		8



pc:
Pocilopora damicornis 
genotype D

pc:
Montipora aequituberculata
genotype A

pc:
Acropora formosa
genotype A

pc:
Montipora aequituberculata
genotype D

pc:
Acropora formosa 
genptype D

pc:
Porites rus
genotype B



						ko Hae 2005																												Ko Hae 2006																ko hae nursery  2006														ko hae nursery  2006										pier nursery  2006														pier nursery 2006

						first year																												first year																FIRST YEAR GROWTH														FIRST YEAR GROWTH										FIRST YEAR GROWTH

						A. formosa										M.aequituberculata								P. rus										A. formosa																A. formosa																																						P. damicornis												A. aspera										A. pulchra																Ko Hae P. d constant growth per day

		species		genotype		fragment		∆length		∆width				species		genotype		fragment		∆area				species		genotype		fragment		∆area				species		genotype		fragment		∆length		∆width								species		genotype		fragment		∆ eco. Vo						origin		species		genotype		eco. Vol						1		94.2702228657		2										species		genotype		fragment		eco. Vol						species		genotype		fragment		eco. Vol				species		genotype		fragment		eco. Vol																												pier P. d constant growth per day														pier A. aspera constant growth per day										pier A. pulchra constant growth per day

		1		1		1		-0.09		0.1				2		1		1		1.16				3		1		1		0.40				1		1		1		0.7921560893		0.38								1		1		1		75.99						1		4		1		211.2						1		203.251870274		2										1		1		1		97						1		1		1		1477.341229528				2		1		1		6017.887823623										A		B		C		D		E		F								A		B		C		D		E		F				A		B		C

		1		1		1		1		0.66				2		1		1		-0.13				3		1		1		0.36				1		1		1		0.810256		0.70								1		1		2		16.16						1		4		1		187.2						1		189.709893879		2										1		1		2		211						1		1		2		2163.0106135333				2		1		2		669.1478062996										0.0136103526		0.0132497615		0.0138279792		0.0232576241		0.0328099675		0.0217878918				4		1		0.0095250593

		1		1		1		0.46		0.74				2		1		1		0.95				3		1		1		0.02				1		1		1		0.005247		1.08								1		1		3		5.61						1		4		1		178.416						1		249.1331225162		2										1		1		3		192						1		1		3		826.6550979969				2		1		3		3061.1240912432										0.0145125245		0.0016414253		0.0123754227		0.026426778		0.0219084241		0.0166816266				4		1		0.0083896294

		1		1		1		-0.03		0.43				2		1		1		-0.89				3		1		1		-0.45				1		1		1		1.74488		2.05								1		1		4		105.76						1		4		1		177.32						1		60.9589309171		2										1		1		4		253						1		1		4		371.5855360282				2		1		4		838.9680381279										0.0155258542		0.0362483354		0.009232753		0.0341167063		0.0329028489		0.0185139333				4		1		0.0116667226

		1		1		1		-0.92		1.94				2		1		1		-0.75				3		1		1		-0.71				1		1		1		3.3525390893		3.60								1		1		5		50.97						1		4		1		215.992						1		95.6212230386		2										1		1		5		64						1		1		5		949.4172555281				2		1		5		1505.2779848789										0.0142148192		0.0065117521		0.0127499688		0.0272198325		0.0171550246		0.0207433412				4		1		0.0109006923

		1		1		1		-0.03		0.12				2		1		1		-1.28				3		1		1		0.48				1		1		2		-1.3439529422		0.21								1		1		6		21.72						1		4		1		152.076						1		192.1831374911		2										1		1		6		96						1		1		6		483.4098102158																				0.0124079344		0.0232714314		0.0102571546		0.0189508746		0.0347891407		0.0169377095				4		1		0.0078773994

		1		1		1		0.6		-0.37				2		1		1		0.01				3		1		1		0.45				1		1		2		0.309776		0.62								1		1		7		13.44						1		4		1		133.722						1		220.6730404922		2										1		1		7		193						1		1		7		1831.6080963773																				0.0092703513		0.0079819507		0.013095924		0.0243863529		0.0159553785		0.0139803234				4		1		0.0144480673

		1		1		1		0.3		2.29				2		1		1		0.12				3		1		1		-0.38				1		1		2		0.567376		0.33								1		1		8		59.08						1		4		1		77.486						1		130.9986529612		2										1		1		8		223						1		1		8		1598.559132698																				0.0108406101		0.0089796493		0.0166843332		0.014983443		0.0381043464		0.0283882903				4		1		0.0151935546

		1		1		1		0.51		-0.42				2		1		1		-0.1				3		1		2		-0.08				1		1		2		2.01372		1.29								1		1		9		33.96		42.5218036608				1		4		1		221.958						1		99.5136666461		2										1		1		9		134						1		1		9		890.5317699893																				0.0117065623		0.0079686028		0.0098516664		0.0225453603		0.0140776355		0.0208693325				4		1		0.0114066203

		1		1		1		-1.79		3.77				2		1		2		0.43				3		1		2		-0.49				1		1		2		1.5469190578		2.08								1		2		1		6.8649592725		33.3049630014				1		4		1		160.834						1		261.36		2										1		1		10		105						1		2		1		1078.1032674283																				0.0101943071								0.0165462078						4		1		0.0095649532

		1		1		2		0.01		0.09				2		1		2		0.12				3		1		2		0.26				1		1		3		-1.9671232749		-0.08								1		2		2		13.1560420777						1		4		1		63.536						1		158.9831761081		2										1		1		11		261						1		2		2		2231.1683706442																				0.0143404874														4		1		0.0075464359

		1		1		2		0.82		0.13				2		1		2		0.6				3		1		2		0.99				1		1		3		0.097759		-0.05								1		2		3		55.878252235						1		4		1		252.225						1		113.8460829189		2										1		1		12		162						1		2		3		699.0299069193																																		4		2		0.0089745423

		1		1		2		-0.23		0.55				2		1		2		0.06				3		1		2		-0.09				1		1		3		0.946614		0.25								1		2		4		11.6170898872						1		4		1		243.478						2		178.6645699866		2										1		1		13		116						1		2		4		1538.3184953846																																		4		2		0.0113642838

		1		1		2		0.05		-0.07				2		1		2		-2.14				3		1		2		-1.50				1		1		3		1.635729		0.80								1		2		5		12.2337375574						1		4		1		196.56						2		209.0945401408		2										1		1		14		178						1		2		5		2199.1110785421																																		4		2		0.009940423

		1		1		2		1.02		1.53				2		1		3		0.91				3		1		3		-0.36				1		1		3		0.7129787251		0.95								1		2		6		65.0060550091						1		4		1		316.236						2		167.7074666543		2										1		1		15		166						1		3		1		1180.552918097																																		4		2		0.0123443292

		1		1		2		-2.01		0.44				2		1		3		0.07				3		1		3		0.13				1		1		4		-0.6483118798		3.36								1		2		7		38.3173361653						1		4		1		311.832						2		165.4265299195		2										1		1		16		165						1		3		2		544.034343073																																		4		2		0.0075894326

		1		1		2		0.45		-0.7				2		1		3		-0.73				3		1		3		0.38				1		1		4		0.279423		-2.25								1		2		8		26.33712504		28.6763246555				1		4		1		223						2		65.4622049374		2										1		1		17		143.64						1		3		3		780.0735823357																																		4		2		0.013120628

		1		1		2		0.44		-0.51				2		1		3		-0.24				3		1		3		0.38				1		1		4		1.211776		0.59								1		3		1		14.8673703234		22.1559605715				1		4		1		219.96						2		246.5085068312		2										1		1		18		123.93						1		3		4		342.2813266529																																		4		2		0.0112659499

		1		1		2		0.99		1.63				2		1		3		-1.06				3		1		3		-0.60				1		1		4		0.91525		2.20								1		3		2		5.8168853108						1		4		1		95.506						2		204.4956857087		2										1		1		19		92.8																																														4		2		0.0123828178

		1		1		2		0.13		0.65				2		1		3		-0.06				3		1		4		0.08				1		1		4		1.7581371202		7.40								1		3		3		25.4359867288						1		4		1		100.8						2		64.3727519475		2										1		1		20		66.7																																														4		2		0.0109705825

		1		1		3		-0.15		-0.12				2		1		4		0.86				3		1		4		-0.14				1		1		5		-2.5294304634		-0.016965								1		3		4		16.9530260338						1		4		1		250.047						2		61.388676609		2										1		1		21		144.21																																														4		2		0.0098415996

		1		1		3		0.46		0.42				2		1		4		0.02				3		1		4		0.37				1		1		5		2.28272		0.132468								1		3		5		7.9030836642		14.1952704122				1		4		1		174.468						2		186.7244404691		2										1		1		22		57.19																																														4		3		0.0141595752

		1		1		3		-0.82		-0.02				2		1		4		-0.78				3		1		4		0.20				1		1		5		0.11047		0.540074																7.8134433614				1		4		1		111.72						2		123.75		2										1		1		23		78.432																																														4		3		0.0124914915

		1		1		3		0.7		0.36				2		1		4		-0.71				3		1		4		-0.08				1		1		5		2.209733		0.489805																				1		4		1		111.592						2		184.1132373204		2										1		1		24		197.568																																														4		3		0.0160085291

		1		1		3		-0.24		1.03				2		1		4		-0.07				3		1		4		0.29				1		1		6		-0.5680032515		0.379525																				1		4		1		214.132						2		21.5063713921		2										1		1		25		71.896																																														4		3		0.0151467162

		1		1		3		-0.12		0.55				2		1		4		-0.8				3		1		4		-0.38				1		1		6		1.202595		-0.162241																				1		4		1		165.996						3		236.0029066868		2										1		1		26		40.256																																														4		3		0.0150602035

		1		1		3		4.92		-0.74				2		1		4		0.02				3		1		4		-0.29				1		1		6		0.096248		1.363176																				1		4		1		180.336						3		244.4678960312		2										1		1		27		75.48																																														4		3		0.0140830762

		1		1		3		0.22		-2.5				2		1		4		0.15				3		1		5		0.27				1		1		6		1.975628		1.791101																				1		4		1		214.89						3		313.3927975724		2										1		1		28		27.744																																														4		3		0.0113968226

		1		1		3		-0.62		0.33				2		1		4		0.02				3		1		5		0.03				1		1		6		2.7064677485		2.502052																				1		4		1		192						3		340.7875764776		2										1		1		29		61.404																																														4		3		0.0150124606

		1		1		4		0.35		0.79				2		1		5		1.49				3		1		5		0.28				1		1		7		-2.4469918867		0.519194																				1		4		1		292.068						3		333.4327913799		2										1		1		30		30.6																																														4		3		0.0146155168

		1		1		4		0.33		0.46				2		1		5		1.88				3		1		5		0.51				1		1		7		1.449326		0.37865																				1		4		1		136.068		187				3		413.1582073532		2										1		1		31		39.2		125																																												4		3		0.0119949104

		1		1		4		1.38		0.36				2		1		5		-2.33				3		1		5		-0.33				1		1		7		0.761987		0.592912																				1		4		2		158.224		64.2744958438				3		179.3210953661		2										1		2		1		184		67																																												4		4		0.0144525953

		1		1		4		-0.14		0.19				2		1		5		-1.36				3		1		5		-0.46				1		1		7		1.781377		1.223328																				1		4		2		165.88						3		345.5967162284		2										1		2		2		211																																														4		4		0.0125117662

		1		1		4		1.24		0.5				2		1		5		-0.36				3		1		5		0.00				1		1		7		1.5456981133		2.47767																				1		4		2		236.118						3		288.773110784		2										1		2		3		171																																														4		4		0.0127677777

		1		1		4		-0.33		1.38				2		1		5		-0.32				3		1		5		0.08				1		1		8		-0.3881474993		0.262279																				1		4		2		190.08						3		395.3674892684		2										1		2		4		167																																														4		4		0.0150368592

		1		1		4		-0.5		-0.2				2		1		5		-0.97				3		1		6		-0.19				1		1		8		-1.001262		0.060566																				1		4		2		139.568						4		135.2499193815		2										1		2		5		69																																														4		4		0.0085372292

		1		1		4		2.13		-0.6				2		1		6		1.19				3		1		6		0.00				1		1		8		0.823393		-0.000015																				1		4		2		171						4		258.3145672424		2										1		2		6		248																																														4		4		0.0136335969

		1		1		4		-1.62		0.85				2		1		6		0.56				3		1		6		0.15				1		1		8		1.253305		1.696621																				1		4		2		172.02						4		283.689		2										1		2		7		207																																														4		4		0.0126337035

		1		1		4		-0.81		-1.16				2		1		6		0.28				3		1		6		-0.24				1		1		8		0.6872885007		1.873225																				1		4		2		198.72						4		304.848		2										1		2		8		65																																														4		4		0.0108436784

		1		1		5		3.69		0.98				2		1		6		0.99				3		1		6		0.15				1		1		9		-0.5004322484		0.217598																				1		4		2		218.88						4		172.7580219764		2										1		2		9		62																																														4		5		0.0138211654

		1		1		5		0.7		0.61				2		1		7		1.25				3		1		6		-0.06				1		1		9		1.551601		0.161253																				1		4		2		115.197						4		236.2881657789		2										1		2		10		191												nursery		genotype		eco				nursery		genotype		eco																						4		5		0.0137009172

		1		1		5		-0.05		1.68				2		1		7		0.25				3		1		6		-0.03				1		1		9		-0.103368		1.821302																				1		4		2		192.576						4		174.4685811269		2										1		2		11		124								1-kh nursery				1		1		211.2				1		4		162.368																						4		5		0.0141720742

		1		1		5		0.27		1.09				2		1		7		0.13				3		1		7		-0.74				1		1		9		2.270107		1.068471																				1		4		2		124.2						4		300.7849738918		2										1		2		12		187												1		1		187.2				1		4		245.28																						4		5		0.0151745134

		1		1		5		-0.76		0.44				2		1		7		0.74				3		1		7		-0.08				1		1		9		3.2179077516		3.037196																				1		4		2		172.872						4		141.5304961896		2										1		2		13		23												1		1		178.416				1		4		175.175																						4		5		0.0121131221

		1		1		5		-0.54		-0.75				2		1		8		0.92				3		1		7		0.11				1		1		10		1.0941494467		-0.011835																				1		4		2		107.272						4		197.0432184753		2										1		2		14		67												1		1		177.32				1		4		187.68																						4		5		0.0174224383

		1		1		5		0.33		-0.37				2		1		8		1.54				3		1		7		0.09				1		1		10		-1.028912		0.552773																				1		4		2		325.252						5		223.3612488745		2										1		2		15		71												1		1		215.992				1		4		189.72																						4		5		0.0124856894

		1		1		5		0.46		0.33				2		1		8		0.42				3		1		7		-0.05				1		1		10		0.305438		1.125356																				1		4		2		222.43						5		302.045828553		2										1		2		16		104												1		1		152.076				1		4		247.572																						4		5		0.0146139441

		1		1		6		0.47		0.6				2		1		8		-1.43				3		1		7		-0.73				1		1		10		0.100307		1.267649																				1		4		2		174.9						5		185.1613550303		2										1		2		17		81												1		1		133.722				1		4		239.58																						4		5		0.0137685491

		1		1		6		0.44		0.51				2		1		9		0.47				3		1		8		-0.41				1		1		10		0.4709824467		2.926381																				1		4		2		352.728						5		199.6289133811		2										1		2		18		24												1		1		77.486				1		4		193.98																						4		5		0.0168524247

		1		1		6		0.74		1.99				2		1		9		1.64				3		1		8		-0.02				1		2		1		-2.802896		0.064918																				1		4		2		126.72						5		389.4857279986		2										1		2		19		38												1		1		221.958				1		4		345.876																						4		6		0.0151935791

		1		1		6		0.18		1				2		1		9		-0.19				3		1		8		0.26				1		2		1		-1.74		0.137556																				1		4		2		128.25						5		246.7065621748		2										1		2		20		150.822												1		1		160.834				1		4		144.495																						4		6		0.0143952534

		1		1		6		0.86		2.54				2		1		9		-0.97				3		1		8		0.45				1		2		1		-0.89		0.437229																				1		4		2		162						5		243.4511874451		2										1		2		21		33.6												1		1		63.536				1		4		134.938																						4		6		0.0152338074

		1		1		6		-0.08		0.86				2		2		1		0.84				3		1		8		0.23				1		2		1		1.41		0.741989																				1		4		2		228.684						5		325.6085615422		2										1		2		22		60.192												1		1		252.225				1		4		207.576																						4		6		0.0149734439

		1		1		6		-1.21		0.45				2		2		1		0.75				3		2		1		0.24				1		2		1		-1.22		1.017146																				1		4		2		252						5		319.1012410421		2										1		2		23		57.646												1		1		243.478				1		4		527.916																						4		6		0.0115288437

		1		1		6		1.04		-1.43				2		2		1		-1.6				3		2		1		-0.14				1		2		2		-2.941466		0.546979																				1		4		2		245.76						5		309.1061724837		2										1		2		24		172.575												1		1		196.56				1		4		309.155																						4		6		0.0138210898

		1		1		6		0.13		-0.17				2		2		1		-0.22				3		2		1		-1.88				1		2		2		-2.85		0.522584																				1		4		2		194.346						5		248.8231798525		2										1		2		25		59.22												1		1		316.236				1		4		299.478																						4		6		0.0121184166

		1		1		6		0.88		0.8				2		2		2		1.26				3		2		2		-0.43				1		2		2		-0.02		0.757284																				1		4		2		237.888						5		175.8123661489		2										1		2		26		64.416												1		1		311.832				1		4		119.7																						4		6		0.0144466799

		1		1		7		0.53		0.21				2		2		2		1.07				3		2		2		-0.7				1		2		2		1.21		1.154074																				1		4		2		260.47						6		343.1286059516		2										1		2		27		19.656												1		1		223				1		4		165.528																						4		6		0.0127422794

		1		1		7		0.46		-0.21				2		2		2		-1.67				3		2		2		-1.19				1		2		2		-1.66		2.151088																				1		4		2		206.336						6		452.0212006685		2										1		2		28		27.456												1		1		219.96				1		4		193.936																						1		1		0.0176342027

		1		1		7		1.03		1.55				2		2		2		-0.4				3		2		3		0.22				1		2		3		-0.55		0.288807																				1		4		2		132.192		193.5366551724				6		440.4843124863		2										1		2		29		73.53												1		1		95.506				1		4		91.884																						1		1		0.009307461

		1		1		7		0.49		0.96				2		2		3		0.24				3		2		3		0.34				1		2		3		-0.50		1.141665																				1		4		3		104		59.3276373132				6		544.5258100835		2										1		2		30		49.005												1		1		100.8				1		4		88.044																						1		1		0.0149903696

		1		1		7		0.41		1				2		2		3		0.25				3		2		3		-0.45				1		2		3		-0.37		0.664857																				1		4		3		223.579						6		403.0879017165		2										1		2		31		371.25												1		1		250.047				1		4		163.296																						1		1		0.0160983386

		1		1		7		-0.62		0.16				2		2		3		-0.3				3		2		3		0.19				1		2		3		1.47		2.018876																				1		4		3		235.773						6		550.0686769722		2										1		2		32		181.44		113										1		1		174.468				1		4		183.3																						1		1		0.0161877925

		1		1		7		0.9		-0.97				2		2		3		-0.22				3		2		4		-0.14				1		2		3		0.60		3.310479																				1		4		3		171.6						6		335.7267259474		2										1		3		1		237		82										1		1		111.72				1		4		157.728																						1		1		0.0141318562

		1		1		7		-0.44		1.59				2		2		3		-0.87				3		2		4		1.55				1		2		4		-2.15		0.13657																				1		4		3		198.09						6		320.9045968815		2										1		3		2		246												1		1		111.592				1		4		275.184																						1		1		0.012855704

		1		1		7		0.95		0.54				2		2		3		-0.12				3		2		4		0.09				1		2		4		-2.57		0.38689																				1		4		3		112.896						6		394.9866194647		2										1		3		3		314												1		1		214.132				1		4		120.9																						1		1		0.0136750737

		1		1		8		1.27		0.44				2		2		4		0.92				3		2		4		0.82				1		2		4		0.24		1.115268																				1		4		3		299.88						6		371.28		2										1		3		4		342												1		1		165.996				1		4		253.368																						1		1		0.0143252713

		1		1		8		0.64		0.65				2		2		4		0.99				3		2		4		-0.14				1		2		4		1.07		0.939375																				1		4		3		232.356						6		494.7928277969		2										1		3		5		334												1		1		180.336				1		4		243.21																						1		2		0.014513411

		1		1		8		0.09		2.34				2		2		4		0.26				3		2		4		0.11				1		2		4		-1.25		1.75871																				1		4		3		92						6		526.7908484138		2										1		3		6		415												1		1		214.89				1		4		307.23																						1		2		0.0178331114

		1		1		8		0.04		1.02				2		2		4		-0.42				3		2		4		-0.97				1		2		5		-1.953249		0.39887																				1		4		3		314.16																				1		3		7		181												1		1		192				1		4		230.912																						1		2		0.0172498803

		1		1		8		-1.04		3.91				2		2		4		-0.33				3		2		5		0.17				1		2		5		-1.042691		0.759013																				1		4		3		193.536																				1		3		8		347												1		1		292.068				1		4		188.136																						1		2		0.0119403234

		1		1		8		-0.97		-2.02				2		2		5		-0.2				3		2		5		0.23				1		2		5		-0.286119		-0.160067																				1		4		3		106.08																				1		3		9		290												1		1		136.068				1		4		356.972																						1		2		0.0183134891

		1		1		8		-0.95		0.87				2		2		5		0.32				3		2		5		0.31				1		2		5		1.151048		0.830984																				1		4		3		152.64																				1		3		10		399												1		2		158.224				1		4		311.904																						1		2		0.0108018899

		1		1		8		2.94		-2.17				2		2		5		0.3				3		2		5		-0.12				1		2		5		-0.177762		1.422292																				1		4		3		223.38																				1		3		11		382												1		2		165.88				1		5		303.696																						1		2		0.0172541738

		1		1		8		1.08		3.09				2		2		5		-0.37				3		2		5		0.32				1		2		6		0.414959		0.558636																				1		4		3		227.664																				1		3		12		322												1		2		236.118				1		5		259.35																						1		3		0.0162134084

		1		1		8		-8.73		1.08				2		2		5		0.26				3		2		5		-0.34				1		2		6		0.738342		1.425332																				1		4		3		367.026																				1		3		13		377												1		2		190.08				1		5		410.112																						1		3		0.0276315384

		1		1		9		-0.18		0.37				2		2		5		0.25				3		2		5		0.58				1		2		6		-0.100415		0.231159																				1		4		3		430.95																				1		3		14		534												1		2		139.568				1		5		228.344																						1		3		0.007042602

		1		1		9		1.71		1.41				2		2		5		-0.56				3		2		5		-0.33				1		2		6		1.877862		1.700696																				1		4		3		142.78																				1		3		15		504												1		2		171				1		5		204.624																						1		3		0.0166914513

		1		1		9		0.89		1.31				2		2		6		0.96				3		2		6		0.67				1		2		6		2.515789		3.030473																				1		4		3		281.358																				1		3		16		428												1		2		172.02				1		5		204.685																						1		3		0.0117742117

		1		1		10		0.59		0.18				2		2		6		0.58				3		2		6		-0.6				1		2		7		-1.022649		0.578752																				1		4		3		167.28																				1		3		17		193.05												1		2		198.72				1		5		191.296																						1		3		0.0200009017

		1		1		10		-0.49		0.31				2		2		6		0.12				3		2		6		0.48				1		2		7		-1.250043		1.137418																				1		4		3		153.12																				1		3		18		135.3												1		2		218.88				1		5		177																						1		3		0.0186474484

		1		1		10		1.09		2.92				2		2		6		0.12				3		2		6		-0.18				1		2		7		0.513904		1.532422																				1		4		3		215.6																				1		3		19		334.854												1		2		115.197				1		5		295.704																						1		3		0.0094845526

		1		1		10		1.19		1.29				2		2		6		-0.54				3		2		6		-0.06				1		2		7		2.383959		1.379775																				1		4		3		274.164																				1		3		20		162.564												1		2		192.576				1		5		285.846																						2		1		0.012778068

		1		1		10		1.33		0.2				2		2		6		0.45				3		2		6		-0.66				1		2		7		1.64782		3.035823																				1		4		3		231																				1		3		21		308.652												1		2		124.2				1		5		279.72																						2		1		0.0122850139

		1		1		10		0.71		1.76				2		2		6		0.9				3		2		6		0.59				1		2		8		-0.680922		-0.077491																				1		4		3		245.7																				1		3		22		235.34												1		2		172.872				1		5		224.64																						2		1		0.02071742

		1		1		10		-4.34		1.37				2		2		7		0.42				3		2		6		-0.85				1		2		8		-0.85366		0.838476																				1		4		3		194.4																				1		3		23		306.768												1		2		107.272				1		5		182.528																						2		1		0.0119380244

		1		1		10		1.55		-1.94				2		2		7		0.29														1		2		8		0.194319		1.100115																				1		4		3		362.372																				1		3		24		273												1		2		325.252				1		5		194.304																						2		1		0.0215965549

		1		1		10		-1.29		1.82				2		2		7		-0.42														1		2		8		1.593321		0.967887																				1		4		3		146.52		217.8537142857																		1		3		25		249.744												1		2		222.43				1		5		415.224																						2		1		0.0177134788

		1		1		10		1.81		-2.43				2		2		7		0.14														1		2		8		0.93398		1.671764																				2		4		4		162.368		84.1311537946																		1		3		26		156.91												1		2		174.9				1		5		253.164																						2		1		0.0187339039

		1		2		1		1.3		1.29				2		2		7		-0.77														1		3		1		-2.281279		0.236944																				2		4		4		245.28																				1		3		27		138.04												1		2		352.728				1		5		195.3																						2		1		0.0208177446

		1		2		1		0.94		1.04				2		2		7		1.13														1		3		1		-0.478245		0.031651																				2		4		4		175.175																				1		3		28		297.44												1		2		126.72				1		5		199.104																						2		1		0.017668183

		1		2		1		1.86		1.5				2		2		8		1.08														1		3		1		1.083844		0.523983																				2		4		4		187.68																				1		3		29		151.152												1		2		128.25				1		5		154.7																						2		1		0.0264808412

		1		2		1		-1.58		-0.35				2		2		8		-0.24														1		3		1		0.941604		1.170798																				2		4		4		189.72																				1		3		30		198.4												1		2		162				1		5		249.9

		1		2		1		0.76		1.27				2		2		8		0														1		3		1		-0.734076		1.616034																				2		4		4		247.572																				1		3		31		266.24												1		2		228.684				1		5		177.408

		1		2		1		0.18		0.12				2		2		8		1.02														1		3		2		-0.231025		0.6764																				2		4		4		239.58																				1		3		32		214.2		290										1		2		252				1		5		239.525

		1		2		1		0.45		-3.04				2		2		8		-0.76														1		3		2		0.987201		0.387092																				2		4		4		193.98																				2		4		1		136		103										1		2		245.76				1		5		242.607

		1		2		1		-0.4		3.77				2		2		8		-0.19														1		3		2		-2.040444		1.955635																				2		4		4		345.876																				2		4		2		260												1		2		194.346				1		5		235.2

		1		2		1		0.72		0.52				2		2		9		1.1														1		3		3		0.491037		0.339362																				2		4		4		144.495																				2		4		3		284												1		2		237.888				1		5		228.975

		1		2		1		0.87		0.19				2		2		9		-0.04														1		3		3		-0.635552		0.202221																				2		4		4		134.938																				2		4		4		305												1		2		260.47				1		5		350.208

		1		2		1		0.23		-0.04				2		2		9		-0.35														1		3		3		-0.095552		1.202405																				2		4		4		207.576																				2		4		5		174												1		2		206.336				1		5		231.15

		1		2		2		1.7		0.87				2		2		9		0.54														1		3		3		1.422043		0.857959																				2		4		4		527.916																				2		4		6		237												1		2		132.192				1		5		222.656

		1		2		2		1.28		0.94				2		2		9		-0.44														1		3		3		1.181976		2.48285																				2		4		4		309.155																				2		4		7		181												1		3		104				1		5		294.84

		1		2		2		-0.85		2.35				2		2		9		0.41														1		3		4		0.427267		0.885046																				2		4		4		299.478																				2		4		8		302												1		3		223.579				1		5		321.204

		1		2		2		1.4		0.93				2		2		10		0.59														1		3		4		-0.461539		-0.171653																				2		4		4		119.7																				2		4		9		143												1		3		235.773				1		5		379.725

		1		2		2		0.41		0.25				2		2		10		-0.18														1		3		4		0.595154		1.158706																				2		4		4		165.528																				2		4		10		200												1		3		171.6				1		5		217.14

		1		2		2		0.57		-0.73				2		2		10		0.67														1		3		5		-2.020465		0.375412																				2		4		4		193.936																				2		4		11		235												1		3		198.09				1		6		363.375

		1		2		2		-0.19		-1.11				2		2		10		0.04														1		3		5		-0.107707		-0.033818																				2		4		4		91.884																				2		4		12		336												1		3		112.896				1		6		340.2

		1		2		2		-1.78		0.82				2		2		10		-0.87														1		3		5		0.675321		0.49119																				2		4		4		88.044																				2		4		13		330												1		3		299.88				1		6		399.504

		1		2		2		2.78		2.18				2		2		10		0.81														1		3		6		-2.412665		0.107166																				2		4		4		163.296																				2		4		14		268												1		3		232.356				1		6		264

		1		2		2		0.74		1.08				2		2		11		2.01														1		3		6		0.692189		0.363946																				2		4		4		183.3																				2		4		15		313												1		3		92				1		6		183.768

		1		2		2		-2.19		-0.09				2		2		11		0.29														1		3		6		0.503012		0.454902																				2		4		4		157.728																				2		4		16		165												1		3		314.16				1		6		413.44

		1		2		3		0.54		0.43				2		2		11		-0.07														1		3		6		0.572724		1.384261																				2		4		4		275.184																				2		4		17		92.61												1		3		193.536				1		6		363.636

		1		2		3		0.68		-0.34				2		2		11		0.05														1		3		6		-0.64474		1.692473																				2		4		4		120.9																				2		4		18		246.4												1		3		106.08				1		6		279.936

		1		2		3		0.47		-0.14				2		2		11		0.94														1		3		7		-3.050532		-0.045846																				2		4		4		253.368								264.0243620439												2		4		19		247.5												1		3		152.64				1		6		307.257

		1		2		3		0.37		0.35				2		2		11		-0.31														1		3		7		2.753118		0.800631																				2		4		4		243.21								65.2267809226												2		4		20		204.75												1		3		223.38				1		6		433.5

		1		2		3		0.43		1.96				2		2		12		0.9														1		3		7		-0.220875		-0.088719																				2		4		4		307.23																				2		4		21		203.202												1		3		227.664				1		6		291.214

		1		2		3		-1.32		-1.86				2		2		12		0.24														1		3		7		0.955024		0.153781																				2		4		4		230.912																				2		4		22		173.46												1		3		367.026				1		6		286.875

		1		2		3		0.9		0.57				2		2		12		0.35														1		3		7		0.436735		0.88708																				2		4		4		188.136								∆ eco.vol.												2		4		23		278.208												1		3		430.95				1		6		265.356

		1		2		3		-0.87		-0.49				2		2		12		-0.14																																										2		4		4		356.972																				2		4		24		290.304												1		3		142.78				1		6		237.12

		1		2		3		2.44		0.62				2		2		12		0.66																																										2		4		4		311.904		220.68815625																		2		4		25		158.004												1		3		281.358				1		6		255.816

		1		2		3		-1.07		0				2		2		12		-0.1																																										2		4		5		303.696		90.5524519755																		2		4		26		214.272												1		3		167.28				1		6		228.888

		1		2		3		0.9		0.19				2		2		13		0.28																																										2		4		5		259.35																				2		4		27		392.448												1		3		153.12				1		6		266.112

		1		2		4		0.88		0.12				2		2		13		-2.87																																										2		4		5		410.112																				2		4		28		269.376												1		3		215.6				1		6		234.048

		1		2		4		0.99		0.15				2		2		13		3.48																																										2		4		5		228.344																				2		4		29		291.384		239										1		3		274.164				1		6		122.854

		1		2		4		0.16		0.91				2		2		13		-0.42																																										2		4		5		204.624																				2		5		1		224		70										1		3		231				1		6		253.8

		1		2		4		1.07		-0.05				2		2		13		1.08																																										2		4		5		204.685																				2		5		2		303												1		3		245.7				1		6		303.525

		1		2		4		0.48		0.44				2		2		13		-1.18																																										2		4		5		191.296																				2		5		3		186												1		3		194.4				1		6		171.57

		1		2		4		-0.1		-0.18				2		3		1		0.8																																										2		4		5		177																				2		5		4		200												1		3		362.372				1		6		344.1

		1		2		4		0.19		0.33				2		3		1		1.3																																										2		4		5		295.704																				2		5		5		393												1		3		146.52				1		6		412.05

		1		2		4		-0.33		-0.36				2		3		1		-0.03																																										2		4		5		285.846																				2		5		6		247												2		1		97				1		6		247.86

		1		2		4		0.69		-0.52				2		3		1		0.32																																										2		4		5		279.72																				2		5		7		245												2		1		211				1		6		416.888

		1		2		4		1.01		1.4				2		3		1		-1.84																																										2		4		5		224.64																				2		5		8		327												2		1		192				1		6		265.54

		1		2		4		0.95		-0.23				2		3		1		1.16																																										2		4		5		182.528																				2		5		9		320												2		1		253				1		6		320.74

		1		2		5		3.52		1.86				2		3		1		-1.71																																										2		4		5		194.304																				2		5		10		310												2		1		64				1		6		277.108

		1		2		5		0.57		0.53				2		3		1		-0.73																																										2		4		5		415.224								431.4831771986												2		5		11		250												2		1		96				1		6		244.95

		1		2		5		0.21		2.21				2		3		1		0.26																																										2		4		5		253.164								82.7931793877												2		5		12		177												2		1		193				1		6		332.32

		1		2		5		1.53		1.67				2		3		1		-0.45																																										2		4		5		195.3																				2		5		13		316												2		1		223				1		6		180.88

		1		2		5		-0.49		0.54				2		3		2		0.88																																										2		4		5		199.104																				2		5		14		181												2		1		134				2		4		136

		1		2		5		0.22		-1.8				2		3		2		1.4																																										2		4		5		154.7																				2		5		15		339												2		1		105				2		4		260

		1		2		5		-0.17		0.1				2		3		2		0.99																																										2		4		5		249.9																				2		5		16		136.648												2		1		261				2		4		284

		1		2		5		-0.82		-0.27				2		3		2		-0.22																																										2		4		5		177.408																				2		5		17		199.392												2		1		162				2		4		305

		1		2		5		1.42		1.9				2		3		2		-0.45																																										2		4		5		239.525																				2		5		18		169.153												2		1		116				2		4		174

		1		2		5		1.2		0.85				2		3		2		-2																																										2		4		5		242.607																				2		5		19		103.224												2		1		178				2		4		237

		1		2		5		-0.75		0.16				2		3		2		0.04																																										2		4		5		235.2																				2		5		20		194.895												2		1		166				2		4		181

		1		2		6		1.69		0.38				2		3		2		0.22																																										2		4		5		228.975																				2		5		21		159.5												2		1		165				2		4		302

		1		2		6		1.18		0.79				2		3		2		0.72																																										2		4		5		350.208																				2		5		22		174.592												2		1		143.64				2		4		143

		1		2		6		1.77		1.86				2		3		2		-0.82																																										2		4		5		231.15																				2		5		23		149.568												2		1		123.93				2		4		200

		1		2		6		0.79		1.01				2		3		3		0.95																																										2		4		5		222.656																				2		5		24		139.32												2		1		92.8				2		4		235

		1		2		6		-0.16		0.9				2		3		3		1.98																																										2		4		5		294.84																				2		5		25		95.41												2		1		66.7				2		4		336

		1		2		6		0.17		-1.07				2		3		3		0.29																																										2		4		5		321.204																				2		5		26		125.4												2		1		144.21				2		4		330

		1		2		6		0.13		0.35				2		3		3		-0.34																																										2		4		5		379.725																				2		5		27		294.756												2		1		57.19				2		4		268

		1		2		6		-1.65		0.52				2		3		3		-1.21																																										2		4		5		217.14		251.55871875																		2		5		28		173.376												2		1		78.432				2		4		313

		1		2		6		2.96		1.46				2		3		3		-1.31																																										2		4		6		363.375		66.8755152659																		2		5		29		174.42												2		1		197.568				2		4		165

		1		2		6		0.35		2.66				2		3		3		-0.45																																										2		4		6		340.2																				2		5		30		113.832												2		1		71.896				2		4		92.61

		1		2		6		-0.11		-2.51				2		3		3		0.55																																										2		4		6		399.504																				2		5		31		65.1												2		1		40.256				2		4		246.4

		1		2		7		0.37		2.09				2		3		3		-1.39																																										2		4		6		264																				2		5		32		318		213										2		1		75.48				2		4		247.5

		1		2		7		1.53		0.29				2		3		3		-0.03																																										2		4		6		183.768																				2		6		1		344		83										2		1		27.744				2		4		204.75

		1		2		7		0.58		1.41				2		3		4		1.64																																										2		4		6		413.44																				2		6		2		454												2		1		61.404				2		4		203.202

		1		2		7		0.56		1.17				2		3		4		0.85																																										2		4		6		363.636																				2		6		3		442												2		1		30.6				2		4		173.46

		1		2		7		1.25		0.71				2		3		4		-0.19																																										2		4		6		279.936																				2		6		4		546												2		1		39.2				2		4		278.208

		1		2		7		0.44		-0.61				2		3		4		1.56																																										2		4		6		307.257																				2		6		5		407												2		2		184				2		4		290.304

		1		2		7		-2.9		-2.21				2		3		4		0.73																																										2		4		6		433.5																				2		6		6		552												2		2		211				2		4		158.004

		1		2		7		1.13		2.19				2		3		4		-2.91																																										2		4		6		291.214																				2		6		7		339												2		2		171				2		4		214.272

		1		2		7		-0.32		-0.1				2		3		4		-0.56																																										2		4		6		286.875																				2		6		8		322												2		2		167				2		4		392.448

		1		2		7		0.46		-0.96				2		3		4		0.94																																										2		4		6		265.356																				2		6		9		398												2		2		69				2		4		269.376

		1		2		8		0.95		2.61				2		3		5		1.64																																										2		4		6		237.12																				2		6		10		371												2		2		248				2		4		291.384

		1		2		8		0.74		0.87				2		3		5		1																																										2		4		6		255.816																				2		6		11		497												2		2		207				2		5		224

		1		2		8		0.16		1.05				2		3		5		1.44																																										2		4		6		228.888																				2		6		12		528												2		2		65				2		5		303

		1		2		8		1.38		3.11				2		3		5		0.86																																										2		4		6		266.112																				2		6		13		232												2		2		62				2		5		186

		1		2		8		0.42		2.24				2		3		5		-0.45																																										2		4		6		234.048																				2		6		14		637												2		2		191				2		5		200

		1		2		8		-1.02		-1.79				2		3		5		0.65																																										2		4		6		122.854																				2		6		15		325												2		2		124				2		5		393

		1		2		8		0.53		-1.28				2		3		5		-1.58																																										2		4		6		253.8																				2		6		16		234												2		2		187				2		5		247

		1		2		8		-0.89		0.25				2		3		6		1.12																																										2		4		6		303.525																				2		6		17		119.04												2		2		23				2		5		245

		1		2		8		1.58		2.37				2		3		6		0.58																																										2		4		6		171.57																				2		6		18		207.69												2		2		67				2		5		327

		1		2		8		0.11		-0.35				2		3		6		0.09																																										2		4		6		344.1																				2		6		19		226.916												2		2		71				2		5		320

		1		2		8		0.42		0.45				2		3		6		0.81																																										2		4		6		412.05																				2		6		20		236.88												2		2		104				2		5		310

		1		2		9		1.67		0.28				2		3		6		-0.69																																										2		4		6		247.86																				2		6		21		227.7												2		2		81				2		5		250

		1		2		9		0.42		0.23				2		3		6		-0.4																																										2		4		6		416.888																				2		6		22		253.638												2		2		24				2		5		177

		1		2		9		0.7		1.48				2		3		6		-2.31																																										2		4		6		265.54																				2		6		23		225.792												2		2		38				2		5		316

		1		2		9		1.3		0.86				2		3		6		-0.09																																										2		4		6		320.74																				2		6		24		118.56												2		2		150.822				2		5		181

		1		2		9		1.83		2.31				2		3		6		0																																										2		4		6		277.108																				2		6		25		126.555												2		2		33.6				2		5		339

		1		2		9		-0.69		-2.12				2		3		6		0.2																																										2		4		6		244.95																				2		6		26		140.4												2		2		60.192				2		5		136.648

		1		2		9		-0.9		0.63				2		3		7		1.73																																										2		4		6		332.32																				2		6		27		219.844												2		2		57.646				2		5		199.392

		1		2		9		0.65		0.25				2		3		7		1.41																																										2		4		6		180.88		290.8821875																		2		6		28		190.216												2		2		172.575				2		5		169.153

		1		2		9		1.1		0.6				2		3		7		0.44																																																		76.6422445221																		2		6		29		90.405												2		2		59.22				2		5		103.224

		1		2		9		-1.7		1.4				2		3		7		0.99																																																																				2		6		30		230.02												2		2		64.416				2		5		194.895

		1		2		9		0.22		-1.76				2		3		7		1.21																																																																				2		6		31		131.04		302										2		2		19.656				2		5		159.5

		1		2		10		1.32		0.26				2		3		7		-1.11																																																																												148										2		2		27.456				2		5		174.592

		1		2		10		1.84		0.56				2		3		7		-0.37																																																																																						2		2		73.53				2		5		149.568

		1		2		10		0.05		0.16				2		3		7		-0.93																																																																								pier		ko hae												2		2		49.005				2		5		139.32

		1		2		10		-0.1		0.14				2		3		7		-0.06																																																																				a				1		186.5372258065												2		2		371.25				2		5		95.41

		1		2		10		1.23		-0.05				2		3		7		-0.91																																																																				b				1		193.5366551724												2		2		181.44				2		5		125.4

		1		2		10		-0.32		1.82				2		3		8		0.89																																																																				c				1		217.8537142857												2		3		237				2		5		294.756

		1		2		10		0.28		-0.89				2		3		8		0.45																																																																				d				1		220.68815625												2		3		246				2		5		173.376

		1		2		10		-0.44		-0.55				2		3		8		1.6																																																																				e				1		251.55871875												2		3		314				2		5		174.42

		1		2		10		-0.19		1.5				2		3		8		0.48																																																																				f				1		290.8821875												2		3		342				2		5		113.832

		1		2		10		0.27		-0.02				2		3		8		-1.68																																																																								2		125												2		3		334				2		5		65.1

		1		2		10		-0.59		-0.46				2		3		8		-1.42																																																																								2		113												2		3		415				2		5		318

		1		3		1		1.36		0.21				2		3		8		-0.59																																																																								2		290												2		3		181				2		6		344

		1		3		1		1.13		0.47				2		3		8		0.01																																																																								2		239												2		3		347				2		6		454

		1		3		1		1.13		0.07				2		3		8		0.15																																																																								2		213												2		3		290				2		6		442

		1		3		1		-0.13		-0.09				2		3		8		-0.27																																																																								2		302												2		3		399				2		6		546

		1		3		1		1.18		0.47				2		4		1		1.29																																																																																						2		3		382				2		6		407

		1		3		1		0.58		0.18				2		4		1		0.07																																																																																						2		3		322				2		6		552

		1		3		1		0.64		0.29				2		4		1		0.99																																																																		1		220.68815625				1		186.5372258065												2		3		377				2		6		339

		1		3		1		0.04		2.02				2		4		1		-0.09																																																																		1		251.55871875				1		193.5366551724												2		3		534				2		6		322

		1		3		1		1.53		0.7				2		4		2		1.22																																																																		1		290.8821875				1		217.8537142857												2		3		504				2		6		398

		1		3		2		1.39		0.12				2		4		2		0.85																																																																		2		239				2		125												2		3		428				2		6		371

		1		3		2		0.67		0.46				2		4		2		1.41																																																																		2		213				2		113												2		3		193.05				2		6		497

		1		3		2		-0.74		-0.19				2		4		2		0.42																																																																		2		302				2		290												2		3		135.3				2		6		528

		1		3		2		0.78		0.06				2		4		3		1.44																																																																																						2		3		334.854				2		6		232

		1		3		2		0.4		0.23				2		4		3		0.45																																																																																						2		3		162.564				2		6		637

		1		3		2		0.63		-0.12				2		4		3		0.96																																																																																						2		3		308.652				2		6		325

		1		3		2		0.27		0.26				2		4		3		0.56																																																																																						2		3		235.34				2		6		234

		1		3		2		0.52		1.42				2		4		4		0.72																																																																																						2		3		306.768				2		6		119.04

		1		3		2		0.49		0.03				2		4		4		2.88																																																																																						2		3		273				2		6		207.69

		1		3		3		0.47		-0.21				2		4		4		-2.82																																																																																						2		3		249.744				2		6		226.916

		1		3		3		0.75		0.47				2		4		4		0.37																																																																																						2		3		156.91				2		6		236.88

		1		3		3		0.25		0.13				2		4		5		1.1																																																																																						2		3		138.04				2		6		227.7

		1		3		3		0.09		0				2		4		5		-0.59																																																																																						2		3		297.44				2		6		253.638

		1		3		3		0.48		0.48				2		4		5		2.34																																																																																						2		3		151.152				2		6		225.792

		1		3		3		-0.13		-0.65				2		4		5		0.05																																																																																						2		3		198.4				2		6		118.56

		1		3		3		0.65		0.49				2		4		5		-3.85																																																																																						2		3		266.24				2		6		126.555

		1		3		3		0.44		0.97				2		4		5		0.13																																																																																						2		3		214.2				2		6		140.4

		1		3		3		-0.99		-0.96				2		4		6		1.81																																																																																														2		6		219.844

		1		3		4		1.4		0.01				2		4		6		-3.32																																																																																														2		6		190.216

		1		3		4		0.4		0.5				2		4		6		4.54																																																																																														2		6		90.405

		1		3		4		0.24		0.39				2		4		6		-0.2																																																																																														2		6		230.02

		1		3		4		0.28		0.18				2		4		6		-6.03																																																																																														2		6		131.04

		1		3		4		0.11		-0.06				2		4		7		1.28

		1		3		4		-0.27		-0.22				2		4		7		0.74

		1		3		4		-0.14		0.44				2		4		7		1.56

		1		3		4		1.38		0.03				2		4		7		0.26

		1		3		4		-0.94		-0.57				2		4		7		-5.04

		1		3		5		1.33		0.53				2		4		7		-0.56

		1		3		5		0.3		0.11				2		4		8		0.95

		1		3		5		0.09		0.18				2		4		8		0.64

		1		3		5		1.79		0.41				2		4		8		1.32

		1		3		5		0.05		0.49				2		4		8		0.38

		1		3		5		-0.15		-0.53				2		4		8		-3.51

		1		3		5		0.1		-0.03				2		4		8		-2.51

		1		3		5		-0.25		0.5

		1		3		5		-0.31		0.17

		1		3		6		1.2		0.12

		1		3		6		0.42		0.3

		1		3		6		-0.73		-0.01

		1		3		6		0.78		-0.11

		1		3		6		0.47		0.1

		1		3		6		-0.03		-0.02

		1		3		6		0.21		0.15

		1		3		6		0.3		-0.13

		1		3		6		0.41		0.28

		1		3		7		0.47		0.49

		1		3		7		1.86		0.3

		1		3		7		-0.52		1.08

		1		3		7		1.28		0.77

		1		3		7		0.61		-0.8

		1		3		7		0.48		0.87

		1		3		7		0.62		0.16

		1		3		7		-1.64		0.91

		1		3		7		0.58		0.08

		1		3		8		1.34		0.43

		1		3		8		-0.5		-0.21

		1		3		8		-0.32		0.02

		1		3		8		0.47		0.23

		1		3		8		1.01		0.65

		1		3		8		-0.18		0.58

		1		3		8		-0.45		-1.1

		1		3		8		1.69		1.69

		1		3		8		-0.69		0.44

		1		3		9		1.99		0.38

		1		3		9		0.93		-0.28

		1		3		9		-5.85		-1.07

		1		3		9		4.87		1.89

		1		3		9		0.49		-0.09

		1		3		9		0.45		0.25

		1		3		9		0.58		0.45

		1		3		9		0.1		0.73

		1		3		9		-0.48		-0.58

		1		3		10		0.55		0.11

		1		3		10		1.05		0.36

		1		3		10		-0.49		-0.33

		1		3		10		0.92		0.33

		1		3		10		1.78		0.34

		1		3		10		-0.73		0.62

		1		3		10		-0.34		-0.46

		1		3		10		1.08		0.67

		1		3		10		0.72		0.77

		1		4		1		0.42		-0.03

		1		4		1		0.73		0.31

		1		4		1		0.33		0.49

		1		4		1		0.25		0.43

		1		4		1		1.48		0.62

		1		4		1		-0.12		0.59

		1		4		1		0.19		-0.09

		1		4		1		0.65		0.54

		1		4		2		1.05		0.18

		1		4		2		1.83		0.8

		1		4		2		-0.58		0.14

		1		4		2		3.77		1.08

		1		4		2		-2.9		-0.36

		1		4		2		-0.03		-0.12

		1		4		2		0.38		0.47

		1		4		2		0.58		0.93

		1		4		2		-0.51		-0.72

		1		4		3		1.04		-0.01

		1		4		3		1.57		0.83

		1		4		3		0.09		0.34

		1		4		3		1.65		0.91

		1		4		3		-1.83		0.06

		1		4		3		0.61		0.35

		1		4		3		0.1		0.38

		1		4		3		0.01		0.81

		1		4		3		-0.29		-0.5

		1		4		4		0.49		0.2

		1		4		4		0.81		0.31

		1		4		4		0.66		0.26

		1		4		4		-0.06		0.09

		1		4		4		0.55		0.79

		1		4		4		0.69		0.59

		1		4		4		-0.32		-0.54

		1		4		4		-0.66		0.2

		1		4		4		-1.5		-0.71

		1		4		5		1.57		0.31

		1		4		5		0.64		0.05

		1		4		5		0.01		0.49

		1		4		5		-0.3		0.22

		1		4		5		1.16		0.22

		1		4		5		0.24		1.11

		1		4		5		0.73		-0.33

		1		4		5		-0.3		-0.52

		1		4		5		-0.9		-0.2

		1		4		6		0.56		0.04

		1		4		6		0		-0.06

		1		4		6		0.34		0.29

		1		4		6		0.05		0.09

		1		4		6		1.01		0.7

		1		4		6		0.41		0.53

		1		4		6		0.07		-0.01

		1		4		6		-0.62		-0.21

		1		4		6		0.17		0.13

		1		4		7		0.21		0.1

		1		4		7		0.49		0.1

		1		4		7		0.79		0.19

		1		4		7		0.11		0.42

		1		4		7		0.88		0.22

		1		4		7		0.23		0.01

		1		4		7		-0.22		0.86

		1		4		7		0.9		0.58

		1		4		7		-0.57		-0.82

		1		4		8		0.46		0.19

		1		4		8		0.7		0.18

		1		4		8		-0.07		0.44

		1		4		8		-0.94		0.15

		1		4		8		2.67		1.5

		1		4		8		-1.23		-0.43

		1		4		8		0.14		-1.06

		1		4		8		0.61		1.39

		1		4		8		-0.5		-0.4

		1		4		9		0.8		0.23

		1		4		9		0.31		0.13

		1		4		9		-0.06		0.94

		1		4		9		0.23		0.26

		1		4		9		0.94		0.38

		1		4		9		-0.1		0.59

		1		4		9		0.21		-0.86

		1		4		9		-0.64		0.78

		1		4		9		0.24		0.31

		1		4		10		-0.09		-0.01

		1		4		10		1.13		0.14

		1		4		10		-0.85		0.24

		1		4		10		0.88		0.38

		1		4		10		0.26		-0.16

		1		4		10		0.08		0.21





		0		0		66.7799687243		64.2744958438

		0		0		82.0124144026		59.3276373132

		0		0		102.5000475401		84.1311537946

		0		0		69.8351360672		90.5524519755

		0		0		83.4285943716		66.8755152659

		0		0		148.2670130837		76.6422445221
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