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1 Background 
 

1.1 CRISP – TANGO Coral Reef Restoration Initiative 
 
Foundation of the Peoples of the South Pacific International Communities and 
Coast Program has recognized the need of applied research and capacity 
building to support community based activities. FSPI has been researching the 
development of low-tech and low-cost coral reef restoration techniques as a 
viable management tool for local communities in the South Pacific region. FSPI, 
through its affiliates, PCDF (Partners in Community Development Fiji) and SIDT 
(Solomon Island Development Trust) have already conducted coral reef 
restoration trials in Solomons and Fiji. The former project has been established in 
conjunction with the Darwin Initiative; the latest project has been conducted 
thanks to AFD (French Agency of Development) funding, as part of the CRISP 
program (Coral Reef Initiative for the South Pacific). The present venture is also 
part of the “Reef Restoration” component of the CRISP program and aims at 
restoring a degrading reef in Funafuti atoll (Tuvalu), through the participation of 
FSPI local partner, TANGO (Tuvalu Association of Non Government 
organization). 
 
 

1.2 Context of the survey 

This project has been implemented at a time when the attention of the world  is 
on the Tuvalu islands and the future of the population’s  which is threatened by 
sea-level rise due to climate change. These 3m high coral atolls could  possibly 
be amongst the first to disappear if ocean levels continue to rise. However, 
without devaluating the latter threat, there are more urgent concerns to resolve in 
the daily lives of Tuvalu people relating to their health and current livelihoods. 
Amongst the current priority issues, waste management is the most critical threat 
to address in the short term.  

Previous reports and studies and field observations have all led to the same 
conclusion: lagoon water quality is very poor along the inhabited islets of 
Funafuti, resulting in coral reef degradation with algae dominating the benthos. 

Previous surveys have shown that the groundwater tables are polluted from 
leaking septic tanks and soakage pits. Pollutants (organic matter, nitrites, nitrates 
and phosphates mainly) are then released from the groundwater lens into 
nearshore lagoon areas. This occurs especially  at high tides and heavy rain 
episodes, causing eutrophication, changes in shallow marine ecosystems, and 
altering the composition and quantity of coastal fisheries catch (Lal et al., 2006). 
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This phenomenon is expected to be exacerbated in the near future due to a 
rapidly growing population and limited land space. 

In this context it has not been possible to select a restoration site that meets both 
ecological and practical requirements. Practical requirements include being close 
to a population for awareness raising, and being accessible for easy low cost 
maintenance, monitoring, and surveillance to protect the site from fishing or 
disturbance by local people. Ecological requirements for successful restoration 
include the selection of a site with acceptable water quality and an absence of 
any major natural disturbance, to insure the survival and long-term success of 
the transplanted coral.  

The restoration site has been selected based on its characteristics of 
accessibility and ease of monitoring and surveillance, (even though it is not 
located within the Conservation Area of Funafuti) and its potential for awareness 
activities to be conducted on site. Ecological aspects necessary for successful 
restoration, such as good water quality and the absence of the current main 
threats present on Funafuti, have been compromised by the selection of the site 
for restoration. It is expected that regular maintenance will minimize the potential 
threats from current disturbance factors as Drupella spp predation and macro 
algae overgrowth. The high density of territorial damsel fish on the fringing reefs 
is also a potential threat as they can exclude many juvenile fish species from the 
newly established patch reefs, particularly the grazing fish species. 

Moreover this project plans to develop and train local people in a simple and low-
cost restoration methodology that could be used on reefs less affected by the 
current land issues (or for reestablishing reefs when current land based issues 
are resolved), The project is also expected to be a test of the feasibility of 
transplanting coral species which theoretically are resistant to nutrient enriched 
waters, as the donor colonies are naturally present on the nearby disturbed reef 
habitat.  

 
 

1.3 Objectives and aims 
 
The general objectives are: 
 

• To increase communities’ awareness on the importance of healthy reef 
habitats for sustainable fisheries. 

• To assess the cost-benefits of engaging local communities to carry out 
low-tech reef restoration efforts. 

• To demonstrate that current disturbance factors (water quality, presence 
of high abundances of Stegastes spp territorial fish, macro algae 
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overgrowth, corallivorous gastropod infestations) are major contributors to 
the reduction in fringing reef fisheries biomass. 

 
The aim of the experiment is to create suitable juvenile fish habitat in an area that 
is currently low in fish and is threatened by Drupella cornus predation and macro 
algae overgrowth. It is hypothesized that Drupella predation causes coral 
mortality, which in turn provides good substrate for the growth of macro algae, 
leading to an algae dominated system which is driven by high nutrient input and 
low grazing species presence. Note that both grazing fish species and 
invertebrates such as sea urchins are very rare or absent, respectively. Suitable 
juvenile fish habitat is further defined as 3-dimensional, branching coral based 
habitat on sandy substrate (the location for this study). The coral based habitat 
includes both a live coral canopy with a substantial dead coral understory area. 
 
The specific objective of the survey is to examine the response of the dominant 
branching Acropora to the removal of threats from Drupella and macro algae.  
 
 

1.4 Study Site  
 
Lofeagai reef is situated north of the main township island of Fongafale, Tuvalu 
Atoll (Figures 1 shows the location of the Tuvalu islands group and the atoll of 
Funafuti within the group of atolls. The restoration site is approximately 165 m 
from the lagoon side beach, and consists of a sandy substrate habitat adjacent to 
the fringing reef slope. The site is located in 4-5 m depth, and is at least 30 m 
from the fringing reef slope and other scattered patch reefs on the sand. 
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Figure 1. Location of Tuvalu islands group and map of Funafuti atoll. The numbers (1-20) are 
showing the positions of field visits during scoping activities. The restoration site is located by the 

orange arrow at site 3 (Fongafale). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Satellite image from Google Earth showing the approximate location of the four 
established restoration patches at Lofeagai (gold circles) and the location of the high school (gold 

rectangle).
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2 Monitoring Methods 
 

2.1 Monitoring aims and objectives  
 
In a broad perspective, monitoring of changes over time in coral cover and 
health, and in fish abundance should allow an objective assessment of the 
efficiency and effectiveness of the restoration methods used in this study, and 
should improve procedures for similar future projects. 

More specifically, monitoring of each transplanted patch reef is carried out to 
assess the success of transplantation and effect of the availability of fish habitat 
over time. Coral monitoring  measures both live and dead portions of patches as 
fish use the patches for shelter (both the live and dead portions, with the live 
portion providing an increasing volume of protective habitat over time), and for 
food (herbivores graze on turf algae growing on the dead portions, and 
corallivorous fish feed on live corals). Theoretically, the patch reefs are expected 
to act as habitat for juvenile fish, and for certain small fish species that prefer this 
type of habitat (damsel fish, butterfly fish, trigger fish, and wrasses). 

 
Each monitoring session includes the following activities: 

 

• Recording of mortality, health, and stability of the transplants in the new 
environment, in order to assess their adaptability to the new environment. 

• Measurements of restored patch reef dimensions in order to assess fish 
habitat size.  

• Recording of fish and invertebrate recruitment in restored patches by 
comparing trends over time. 

• Maintenance of restored patches by removing coral threats (eg, Drupella 
and macro-algae).  

 
The initial baseline monitoring phase included the measurement of the newly 
established patch reef dimensions and live/dead coral volume assessments. 
Coral volume measurements involve the use of 1m length measuring rulers. 
Subsequent ongoing post-baseline monitoring of the patch reefs included the 
live/dead coral volume measurements in addition to coral health indices and fish 
numbers, types, and sizes. The presence of other organisms such as macro 
invertebrates within the patches are also to be recorded. 
 
The photos in Figure 3 illustrate some of the measurements that are being made 
as part of the monitoring activities. 
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Figure 3. Photo illustrations of essential measurements for the monitoring protocol. Top: patch 
reef measurements used to calculate the size and volume of live and dead components of each 

patch reef. Bottom: use of the ruler to measure live and dead portions of coral colonies. 
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2.2 Coral monitoring 
 
The condition of the established patch reefs is monitored using the following 
indices:  
 

• Habitat size: indicated by the increase in volume of live coral within each 
transplanted patch reef. 

• Coral health: indicated by the volume of dead coral within each 
transplanted patch reef and incidence of bleaching or diseases. 

• Disturbance: indicated by incidences of predation by Drupella spp, Crown 
Of Thorns starfishes (COTS), or macro-algae overgrowth. 

  

2.2.1 Suitable habitat size 
 
Growth of suitable fish habitat in each of the transplanted patch reefs is followed 
by measuring the proportion (volume) of live canopy and associated dead 
understory corals within a patch reef, and the overall dimensions (length and 
breadth) of each of the transplanted patches.  
 
The volume of live and dead zones in a patch is calculated using a standard 
number of 6 height measurements scattered around the coral patch (the 
standard approach is to measure 4 positions within each patch that are 
approximately in the vicinity of a meter in from the edge of the two max/min 
diameter positions, and an additional 2 positions approximately a meter apart in 
the central zone of the patch). Only transplants with live portions are used. 
 
Live and dead coral volume of each patch is estimated using the following 
measurements (see Figure 3 for an illustration of the measurements taken): 
 

• Maximum (Dmax) and minimum (Dmin) linear diameters of each 
patch, using a standardized approach: the first value corresponds to 
the diameter positioned in a direction perpendicular to the shoreline (or 
from shoreline out to the mid lagoon – Diameter 1 in Figure 3), and the 
second value to the diameter at right angle to the first diameter, 
generally parallel to the shoreline (Diameter 2 in Figure 3). 

• The height above the substrate of the dead colony zone (HD (1-6)) and 
the height from the substrate to the outer most coral branch (HT (1-6)) in 
that position. The live coral zone is calculated by subtracting the dead 
coral height from the total height at that position, i.e. HL (1-6) = HT (1-6) – 
HD (1-6). 
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The volume calculations for each patch are as follows: 
 
Mean radius of patch RM (D1 + D2)/2   

Total area of patch AT Π RM
2 = 3.142 RM

2   

Mean total height HTM ∑ HT (1-6) ) / 6 Total volume of patch VT AT x HTM 

Mean dead height HDM ∑ HD (1-6) ) / 6 Volume dead coral (VD) AT x HDM 

Mean live height HLM ∑ HL (1-6) ) / 6 Volume live coral (VL) AT x HLM 

 
The method used for measuring the volume of coral patches requires an 
adjustment of the suitable habitat volume estimates in patches where a portion of 
the colonies may have completely died. Note that the total area of suitable fish 
habitat (as defined here) will decrease over time if significant portions of a patch 
reef die due to complete mortality of a number of colonies. This will mean that 
even though the live-dead volume estimates may or may not vary significantly 
over time, the total area of available suitable habitat could still decrease. For this 
reason, both volume and live coral cover estimates were used to monitor the 
patch reefs, to cover both potential outcomes (an increase or decrease in the 
size of suitable fish habitat).  
 
Visual estimates of the extent of mortality (reduction in the live coral canopy 
layer) were recorded in 5% intervals but the data were plotted on graphs using 
10% area estimates to allow for subjective differences over time by the observer. 
The visually estimated dead sectors within the patch reefs are in effect an 
estimate of surface cover of previously live coral.  
 
The presentation of the coral monitoring data is treated separately as coral 
volume data and as live coral cover. For the coral volume measurements, it is 
assumed that the average height of the completely dead sectors is similar to the 
average height of the live coral sectors. This assumption may be more difficult to 
accept over time if there is a marked difference in the average height due to 
future growth, but at present this is not the case. Secondly, it is assumed that all 
volume estimates were carried out in the live portions of the patches and that 
these measurements represent the average dimensions used in the volume 
estimates. Calculations of the total area of live and dead coral in a patch are 
presented as percentages of the total patch size using the following steps: 
 

1. Total volume of the patch calculated from length and breadth 
measurements which are converted to a mean radius, and used to 
calculate the area of the patch. The volume of the patch is then calculated 
by using patch area and the average height of the (live plus dead) length 
measurements. 
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2. The volume of live coral is estimated by averaging the measurements of 
the vertical height of the live coral zone, and multiplying this by the area of 
the patch. This is then presented as a proportion (%) of the total patch 
volume. The sectors of the patch that are completely dead are assumed to 
be insignificant to the total patch area and this proportion of the patch is 
included in the estimate of the live coral volume. 
 

3. The percent volume of dead coral is then calculated by subtracting the 
adjusted live coral volume from 100%. 

 
A separate treatment of the total mortality using the visual percent cover of 
live/dead coral per patch is used as an index of the overall state of each patch 
reef. 
  

2.2.2 Coral health index 
 
The presence of bleaching is recorded using the following categories: 
 

• Bleaching categories: none, slight (paler than normal colour), partial 
(upper surfaces white, lower surfaces normal), major (all surfaces 
white or very pale). 

• Percentage of the total patch with any of the above bleaching 
categories. 

 
Observations: several species of Acropora spp compose each restored patch 
reef so there may be differential responses to bleaching that should be noted. 
Additionally, if coral disease symptoms are present in the patch corals, they are 
described and the proportion of the patch reef with symptoms is recorded. 
Photos are taken for verification of the symptoms. 
 

2.2.3 Disturbance index 
 
Disturbance indicators are recorded each monitoring period which include the 
presence of Drupella gastropods and Crown Of Thorns starfish and the number 
of individuals that are removed to the adjacent fringing reef (or destroyed). 
 
The monitoring protocol for macro algae includes an estimate of the relative 
amount of algae present each monitoring period using the following categories: 
none, low, medium, high. The high macro algae category should be comparable 
to what is currently present in the adjacent fringing reef, under branching 
Acropora spp colonies. 
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2.3 Fish monitoring 
 
All fish that are observed in the patches are counted at each census time, every 
3 months. Fish abundances are recorded at the family level or where possible, at 
the species level for the dominant fish species. The fish families or species are 
categorized into major trophic fish groups so as to relate their presence to the 
structural features of the patch reef (predominantly live or dead portions of the 
patches – feeding on coral or turf algae). Individual sizes of fish found on each 
patch are grouped into five size classes (Table 1). The size classes correspond 
to the commonly used local description of fish sizes that compare lengths of 
finger tips to various hand and arm joints. The midpoint (or median value) of each 
of the fish size category ranges are used as an approximate estimate of the size 
of each fish species or species group. Table 2 shows the major families that may 
be found on the coral patches. The list is incomplete as a comprehensive fish list 
is not available for Funafuti Atoll. 

 
Table 1. Fish sizes classes used for fish monitoring, based on the natural measurements used by 

local fishermen that relate to parts of the human arm. 
 

Size Class Max Lgth Median Size Description 
1 <5cm 2.5 cm middle finger tip to first finger joint 
2 6-10cm 7.5 cm middle finger tip to knuckle 
3 11-20cm 15 cm middle finger tip to wrist 
4 20-45cm 22.5 cm middle finger tip to elbow 
5 46-65cm nominal value of 55 cm middle finger tip to elbow length 
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Table 2. Major fish families found on tropical reefs (from Lieske and Myers, 2001) 
 

 Family Common Name Family Common Name 
 CARCHARHINIDAE Requiem sharks  POMACENTRIDAE Damselfishes 
 DASYATIDAE Stingrays   Sergeantfishes 
 MURAENIDAE Moray eels   Anemonefishes 
 OPHICHTHIDAE Snake eels   Farmer fish 
 PLOTOSIDAE Eel catfishes  LABRIDAE Wrasses 
 SYNODONTIDAE Lizardfishes  SCARIDAE Parrotfishes 
 HOLOCENTRIDAE Soldierfishes  SPHYRAENIDAE Barracudas 
  Squirrelfishes  MUGILIDAE Mullets 
 AULOSTOMIDAE Trumpetfishes  PINGUIPEDIDAE Sandperches 
 FISTULARIIDAE Cornetfishes  BLENNIDAE Blennies 
 SYNGNATHIDAE Pipefishes  GOBIIDAE Gobies 
  Seahorses  ZANCLIDAE Moorish idol 
 SCORPAENIDAE Scorpionfishes  ACANTHURIDAE Surgeonfishes 
 SERRANIDAE Anthias  SIGANIDAE Rabbitfishes 
  Groupers  BOTHIDAE Lefteye flounders 
 APOGONIDAE Cardinalfishes  SOLEIDAE Sole 
 CARANGIDAE Trevally  BALISTIDAE Triggerfishes 
 LUTJANIDAE Snappers   Picassofish 
 HAEMULIDAE Sweetlips  MONACANTHIDAE Filefishes 
 NEMIPTERIDAE Spinecheecks  OSTRACIIDAE Trunkfishes 
 LETHRINIDAE Emperors   Cowfishes 
 MULLIDAE Goatfishes  TETRAODONTIDAE Puffers 
 CHAETODONTIDAE Butterflyfishes   
 POMACANTHIDAE Angelfishes   
 

 

2.4 Maintenance 
 
The maintenance of restored patches is conducted at each monitoring session. 
These activities include:  

• Removal of Drupella cornus and Crown of Thorns starfishes 

• Monitoring of abundance of Stegastes ssp and removal if high abundance 

• Removal of algae and rubbish 

• Replanting of loose corals fragments that have moved from the plots  
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3 Results 
 

3.1 Coral transplant monitoring 
 
The monitoring was planned at 1, 3, 6, 9, 12, 15 and 18 month after the 
establishment of the patches. The actual monitoring and maintenance schedule 
took place at 2, 4, 8, 9, 12 and 15 months following the trial set up. The delays 
were mostly due to staff unavailability or adverse weather conditions. 
 
 

3.1.1 Suitable habitat size 
 
The first 15 months monitoring data are shown as a mean of the four coral 
patches in Figure 4. Note that the graph does not accurately present the volumes 
of suitable habitat as the extent of dead coral volume has been corrected for the 
proportions of patches with mortality of the live coral component.  
 
On the transplanted patch reefs, the mean patch volume of live coral decreased 
during the first 2 months following transplantation, from 82% to 55% of the total 
patch volumes (i.e. a reduction of 27% in live coral had occurred), with a 
subsequent increase in the mean volume of dead coral from 18% to 45% of total 
patch volume. After 4 months there was further decline in the live coral volume, 
with an average of 39% live coral over the four patches. 
 
Eight months after transplantation, the mean volume of live coral showed an 
increase from 39 to 50%. This growth trend was also noted at the 9 month 
census with a mean of 59% of the total volume of the restored patches recorded 
alive. At 12 months, the mean volume of live coral remained stable (increase to 
61%), whereas at 15 months the live coral cover dramatically dropped to 26%.   
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Figure 4. Mean (and standard error) live and dead coral volumes from all four coral patches at 2 

to 15 months following transplantation. Volume data are corrected for the proportion of the 
patches that had completely died. That is, the amount of ‘suitable habitat’ (live plus dead 

understory habitat) is not clearly expressed here as the dead coral volume includes the portion of 
the patch that was completely dead. 

 

 
Figure 5. Visually estimated percentage mortality of each of the total patch reef areas. 

 In the 15-month monitoring, two of the four patch reefs (Patches 1,2) showed a similar marked 
increase in mortality that approached 50% of the total area. Patch 4 remained at approximately 
the 50% mortality rate, whereas, Patch 3 demonstrated a very high mortality (95%) compared to 

the others. 
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Figure 6. The mean (SE) percent mortality (visually estimated) for each monitoring period. The 
marked increase in mean mortality of the 4 patches is evident at the 15-month monitoring period, 

as is the variability within the patches in the degree of mortality (see Figure 5). 
 

Figures 5 and 6 show the visual percent cover of live coral in each of the 4 
patches and as a mean of the patches, respectively, for each of the monitoring 
periods. Patches 1, 2, and  4 showed similar trends through to the 15 month 
monitoring period with patch 4 having relatively higher mortality rates within live 
coral canopy of the patch. Patch 3 experienced relatively higher mortality 
between the 12 month and 15 month monitoring periods. Overall, the mean 
mortality rates for the four patches were more or less the same from the initial 
baseline period until the 12 month monitoring period. The proportion of each 
patch that had experienced mortality of the live coral canopy layer was 
significantly higher in the 15 month monitoring period. 
 
The contrast in the results of the volume estimates and the visually estimated 
mortality of the live coral canopy are a result of the different focus of each of the 
monitoring protocols. The volume estimates focus on the presence of suitable 
habitat that includes both a live and dead coral layer, whereas the visually 
estimated data focuses on the relative cover of live coral within each patch. As a 
consequence, even though the amount of available suitable habitat decreased 
significantly during the first 15 months, the proportion of volume of live and dead 
coral remained relatively unchanged. 
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3.1.2 Coral health  
 
Slight to partial bleaching was observed during the 4 and 8 month census in all of 
the patches. At 9 and 12 month monitoring censuses, very slight bleaching was 
observed in the patches; however the presence of bleaching symptoms 
appeared to be declining overall. At 15 month, transplanted colonies as well as 
natural coral colonies from the adjacent fringing reef and from other fringing reefs 
along Funafuti eastern coast seemed to be affected by Drupella predation (in the 
form of white band on the base of Acropora branches).  
 
 
 
 
 
 
 
 
 
 
 
 
 

White bands on the base of natural coral colonies from the adjacent fringing reef, possibly 
indicating a predation from Drupella gastropods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

White bands on the base of transplanted coral colonies, possibly indicating that transplanted 
patch reefs have been affected by Drupella predation 

 
 
 
Overall, no thermal stress that would have caused partial or full mortality was 
recorded on the patches or on the donor reefs during the monitoring period 
following the transplantation exercise. This was further verified by comparing 
monthly sea surface temperature data for the period 1994-2003 and for the 
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duration of the monitoring period (November 2006-June 2008) (Figure 7). Data in 
Figure 7 correspond to means obtained from hourly records of sea surface 
temperature from the SEAFRAME station installed in Fongafale by the South 
Pacific Sea Level and Climate Monitoring Project. The graph shows that sea 
surface temperatures were slightly above their monthly values (by 0.1 to 0.7°C) 
during the first year of experiment, which could explain the slight beaching 
observed in some colonies. To be completed with 2008 values (available in July). 
 
No severe bleaching conditions seemed to occur within the duration of the 
project, i.e., a rise of 1°C above the mean monthly sea surface temperatures is 
commonly used to describe bleaching conditions (Hoegh-Guldberg, 1999). 
 
 

 
 

Figure 7. Mean monthly sea surface temperature for the period 1994-2003 (black line)  
and for the monitoring period (Nov 2006-June 2008) (red line)  

(from SPSLCMP – Austalian Bureau of Meteorology) 
 
 
Coral colonies observed to be partially bleached might be a result of portions of 
the colony being covered or in contact with sand during physical disturbance 
episodes, more related to abrasion rather than thermal stress. 
 
Some colonies apparently did not survive well the transplantation as varying 
degrees of totally dead portions of each of the patches were recorded in all post-
baseline monitoring periods. We can refer to Figures 6 and 7 that are showing 
the trends recorded for visual census mortality. We observe an increase in the 
patches mortality during the first 4 months of the experiment, recorded for the 4 
patches. From 4 to 12 month post-transplantation, the evolution of the four 
patches differs: in patches 1 and 2 we observe a decrease in mortality, whereas 
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in patches 3 and 4 mortality is quite stable or slightly increases.  At 15 month 
monitoring session, mortality increased in all 4 patches, especially in patch 3 
where mortality rose to 95% of the total patch. 
 

 

3.1.3 Disturbances 
 
The patches experienced impacts from a natural disturbance in February 2007 (4 
months after initiation). The disturbance was due to high tides and storms during 
this period, resulting in stronger than normal waves and water motion, and the 
deposition of rubbish from the adjoining cays on to the transplanted colonies. 
 
Apart from this natural disturbance the patches did not face any other major 
disturbances such as invasion of corallivorous snails or crown-of-thorns 
starfishes. No Stegastes spp damselfish (common on adjacent donor reef slope 
communities) established residence in the patches during the monitoring period. 
 
At the 8-month monitoring period, major sediment reworking activity on the sand 
habitat was noticed that resulted in dense concentrations of cone shaped 
sediment mounds being produced in the general study area and within the coral 
patches. This appears to be the result of a major settlement event of sediment 
dwelling shrimps or marine worms. The extent of mound formation resulted in 
some disturbance and smothering of some transplanted colonies (see 
Maintenance results below). 
 
 

3.2 Fish communities monitoring 
 
Table 3 below shows a list of fish families observed at 2, 8, 9 and 15 months 
monitoring periods, along with associated trophic groups. The data presented 
here are pooled records from the four patch reefs, due to the low numbers 
recorded in the early stages of the project.  
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Table 3. Table 3. Summary of fish monitoring data for each of the post transplantation census 

periods when fish were monitored. Data are pooled from the four patch reefs. Fish families 
present are given here along with the feeding preference or trophic class. 

 
 
Only two trigger fish were observed during the baseline survey just after the 
restoration trials were established. After 2 months, a small community of fish 
(total of 11 fish from 5 families) was observed. The trophic composition of the fish 
present in the patches was dominated by carnivores (total of 6 individuals from 4 
species) that are mostly of infauna sand feeders. Fewer herbivores (3 
individuals) and planktivores (2 individuals) were also recorded, both represented 
by 1 species each. 
 
After 8 months, a total of 60 fish were observed at the restored patches with 
sizes ranging from 1 to 5 cm (all juvenile sizes). The fish represented 5 families 
and comprised 50 carnivore individuals from 3 species, 5 omnivores (2 species), 
and 3 herbivores (2 species) along with 2 planktivores (1 species). 
 
At the 9 month monitoring period, a fewer number of fish was observed, with a 
total of 26 fish from 4 families. Sixteen individuals of herbivore fish (Siganus sp.) 
dominated the patches. Five herbivore/planktivore individuals (Pomacentrus sp.), 
along with 4 omnivores (Rhinecanthus sp.) and 1 carnivore (Lethrinus sp.) made 
up the remaining fish present in the patches. All fish recorded were juveniles, 
with a size less than 5 cm. 

Family 2‐mo 8‐mo 9‐mo 15‐mo Total
BALISTIDAE 2 5 4 5 16
CAESIONIDAE 2 2

CHAETODONTIDAE 1 1

GOBIIDAE 4 4
LABRIDAE 47 18 65
LETHRINIDAE 3 3 1 7

MULLIDAE 1 24 25
POMACENTRIDAE 3 5 33 41
SCARIDAE 3 2 5
SIGANIDAE 16 16
Total 11 60 26 85 182

Trophic Group 2‐mo 8‐mo 9‐mo 15‐mo Total
Carnivore 6 50 1 46 103
Herbivore 3 3 21 27
Omnivore 5 4 39 48

Planktivore 2 2 4
Total 11 60 26 85 182
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At 15 month, a high number of fish was recorded: a total of 85 individuals were 
counted within the four patches. Most of the assemblage was composed of 
damselfish (33 individuals), goatfish (24 individuals) and wrasses (18 
individuals). The remaining fish recorded was Picasso triggerfish (5 ind.), gobies 
(4 ind.) and butterflyfish (1 ind.). By classifying the fish species based on feeding 
preferences, about half the recorded assemblage was carnivore and half was 
omnivore. Most fish were small in size or were juveniles, with size ranging from 1 
to 10 cm. The larger fish were gobies, goatfish, triggerfish and butterflyfish. 
 
In general, there has been a mix of trophic classes of fish recorded, including 
herbivores, carnivores, omnivores, and plankton feeders. Most of the fish were 
small in size: the dominant size class encounter was < 5 cm, while a few species 
presented size classes ranging from 5 to 10 cm (See Table 4). 
 

 

 Figure 8. Total number of fish recorded at each monitoring census.  
Data are pooled from the four patch reefs. 
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Table 4 . Fish monitoring data for each of the post transplantation census periods. Common fish names are given here along with the 
feeding preference or trophic class, and size class. Trophic classes refer to C = Carnivores (feed mainly on invertebrates); H = Herbivores 

(feed on turf and/or macro algae); O = Omnivores (feed on both algae and animals); P = Planktivores (feed on plankton). 
 

Total
2-month Trophic Group # Size # Size # Size # Size
SCARIDAE Globehead parrot H 1 1 2 2 0 0 3
BALISTIDAE Yellow margin trigger C 0 1 1 0 0 1
BALISTIDAE Black bar trigger C 0 0 0 1 1 1
LETHRINIDAE Big eye bream C 0 0 3 3 0 3
MULLIDAE Yellow stripe goat fish C 0 0 1 3 0 1

CAESIONIDAE Blue and gold fusilier
P

0 0 0 2 2 2

Total # of fish per patch 1 3 4 3 11

1 1,5 3 1,5

Total # of family per patch 1 2 2 2 5

8-month 
SCARIDAE Globehead Parrotfish H 2 1 0 0 0 2
BALISTIDAE Picassofish O 0 2 1 0 0 2
BALISTIDAE Scythe trigger fish O 1 1 1 1 0 1 1 3
LETHRINIDAE Emperors C 0 0 0 1 1 1
LETHRINIDAE Big eye emperor C 0 0 2 1 0 2
POMACENTRIDAE Neon damsel P 1 1 1 1 0 ?
POMACENTRIDAE White tail damsel H 1 1 0 0 0 1
LABRIDAE Wrasse C 1 1 20 1 17 1 9 1 47
Total # of fish in each patch 6 24 19 11 60

1 1 1 1
Total # family of fish per patch 4 3 3 3 5
9 month 0
SIGANIDAE Rabbit fish H 16 2 0 0 0 16
POMACENTRIDAE Damsel O/P 0 0 2 2 3 1 5
LETHRINIDAE Emperor C 0 0 1 3 0 1
BALISTIDAE Pissco trigger fish O 1 1 1 1 1 1 1 1 4
Total # of fish in each patch 17 1 4 4 26

1,5 1 2 1
Total # family of fish per patch 2 1 3 2 4
15 month 0
LABRIDAE Wrasse C 5 2 5 1 3 1 5 1 18
POMACENTRIDAE Damselfish O/P 13 1 13 1 4 1 3 1 33
BALISTIDAE Picassofish O 1 2 0 0 1 1 3 1 5
CHAETODONTIDAE Butterfly fish O 1 2 0 0 0 0 0 0 1
MULLIDAE Goat fish C 9 1 9 1 4 1 2 2 24
GOBIIDAE Goby C/P 0 0 0 0 1 2 3 2 4
Total # of fish in each patch 29 27 13 16 85

1,6 1 1,2 1,4
Total # family of fish per patch 5 3 5 5 5

Average size group

Averge size group

PATCH 1 PATCH 2 PATCH 3 PATCH 4

Average size group

Average size group
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3.3 Maintenance 
 
During the 15 months monitoring period, maintenance activities included: 
 

• Removal of green filamentous from all four patches.  

• Removal of floating green algae washed from fringing reefs after rough 
seas. 

• Removal of brown algae clumps Zelera sp. and Sargassum (two thirds of 
one patch was covered with brown algae).  

• Removal of human trash such as cans, bottles and paper boxes washed 
from shore during the February king tides. 

• Replanting transplants moved from the patch area during the rough 
weather. 

 
At 4 month monitoring census, none predators, such as Crown of Thorns 
starfishes, Drupella or Stegastes spp., were seen on the patches. However high 
algae cover was noticed within the branches of coral transplants, which was 
cleaned by removing algae manually. The algae assemblage was comprised of 
the following species: Dictyota sp., Padina sp., some Ceramiaceae, epiphyte 
algae that typically grow on coral debris or dead coral part (such as Corallophila 
or Polysiphonia), some filamentous algae such as Anabaena or Lyngbya.  
 
 
 
 
 
 
 
 
 
 
 
 

Base of transplanted corals covered with algae  Filamentous green algae found on patches 
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During the 8 month monitoring census in July 2007, it was noticed there were 
sand mounds present over the previously smooth sandy bottom lagoon. The 
mounds were also present around the transplants in each patch. The 
maintenance activities included removal of sand heaps from the coral transplants 
to reduce live coral mortality from this source (see photo below). There were very 
little algae present on the patches at this time. Most of the algae present were 
turf algae on the dead lower portions of the coral colonies. This was not removed 
as it was noticed that juvenile wrasse were living in it and small parrot fish were 
feeding on it. No other coral predators were present at this census.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At the 9 month monitoring period in August 2007, the sand mounds were still 
present on the lagoon bottom and in the patches but the transplants were not as 
disturbed as  when the mounds first occurred in the area. This indicates that less 
turnover of sediments was occurring due to the (most likely) burrowing shrimps 
or marine worms that created these mounds. Overall, coral colonies were 

Sand mounds on the 
sandy bottom lagoon 

where branching 
corals were 

transplanted. 

Floating mass of green and brown algae 
 

Green algae growing on the sandy bottom 
adjacent to created patch reefs 
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undisturbed and macro algae had not markedly increased. There were no 
predators present. 

At 12 month high algae cover was noticed in patches 3 and 4 and medium algae 
cover in patches 1 and 2, which was removed. Maintenance work involved 
cleaning the coral tips covered with algae. 

Fifteen months after transplantation, the maintenance work consisted of 
removing few macro-algae that had accumulated at the base of transplanted 
colonies, such as Padina and Dictyota spp. These algae are also highly 
abundant in the adjacent natural reef. In terms of coral predators, only few 
Drupella gastropods were found in transplanted patch reefs. However Drupella 
have been present in relatively high abundance on nearby transplant source sites 
and surrounding reefs sites, throughout the total monitoring period.  
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4 Discussion 
 

4.1 Coral growth and adaptation 
 
Following the establishment of the trial patches, it was hoped that the coral 
transplants would grow and eventually form a continuous live coral canopy over 
the patches. Also it was hoped that a zone of dead coral underneath the live 
coral canopy can be established and that this zone will be free of excessive 
macro algae cover and coral predators like Drupella spp and crown of thorns 
starfish.  The underlying dead zone can be an important habitat for invertebrates, 
and a substrate that supports turf algae that can be used by juvenile herbivorous 
fish as a food source. The presence of healthy growing live coral patches is the 
aim of the project with the expectation that these patches will support healthy 
populations of juvenile fish. 
 
The reduction in live coral volume and increase in dead coral volume in the early 
phases after transplantation was expected as the transplanted colonies were 
initially placed on the sand surface or buried in the sand down to the live sections 
of the colonies. Subsequent die back of the live coral sections adjacent to the 
sand was expected to occur due to abrasion and smothering by surface sand 
movements. In addition, some colonies did not recover from the initial 
transplantation and died within the first month following transplantation. Some 
colony mortality is usually expected due to the change in habitat and especially 
since some colonies were probably moved 2-3 m deeper than where they were 
collected on the fringing reef slope. The transplanted corals also require time to 
adapt to the different habitat from their source which may help explain the 
apparent lack of measureable growth despite the peak summer growth period 
that followed the transplantation phase. In an earlier project (SPI INFRA & FSPI, 
2006) we noted that transplanted corals can remain stressed over long periods 
(up to 9 months) after their relocation, especially if the immediate post 
transplantation period coincides with summer conditions. This project was 
initiated during the early summer period and so it was expected that the initial 
adaptation phase would also be challenging for the corals. 
 
The coral transplants experienced major indirect disturbances as a result of 
human rubbish being transported to the transplant site during the February king 
tides and associated terrestrial flooding. As well, this period included impacts 
from wave action due to westerly winds exposing the transplant site to strong 
seasonal windward wave conditions. This is thought to have resulted in the 
decline of live coral volume at the 4 months monitoring period. After 8 months, 
there was an increase in live coral volume, indicating that coral colonies were 
beginning to adapt to the new habitat after the earlier disturbances. The 
continued increase in live coral volume after 9 and 12 months suggested that the 
coral colonies had stabilized and adapted to their new habitat and that conditions 
were favorable for growth.  
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During the 8 and 9 month monitoring periods, changes were observed in the 
lagoon substrate from relatively flat sand relief to high mounds of sand. This is 
most likely due to the natural colonization of the area by burrowing marine worms 
or crustaceans. The sand mounds contributed to the mortality of live coral 
portions of many colonies by smothering the lower regions of the colonies. In 
addition, an algal mat had developed on the surface of the sand which 
accumulated on some of the live coral colonies of the patches. This also would 
be expected to interfere with the growth of coral colonies. These natural events 
indicate that unpredictable disturbances that have a bearing on the success of 
transplantation efforts can occur from both biological and physical causes and 
cannot always be planned for in the initial project design. 
 
The 15 month monitoring data showed a marked decline in the mean volume of 
live coral and a corresponding increase in dead coral volume. Even though the 
cause of coral mortality was not evident at the time of monitoring, it is possibly 
attributed to 2 factors: 
 

1. Discussions with the Tuvalu office of meteorology and people from 
Funafuti confirm that the atoll had experienced heavy and intense rain 
periods in December 2007-January 2008 (corresponding to +13-14 
months after transplantation). Heavy rain might have drained waste water 
from the land to the lagoon. In particular, the School (that is located just in 
front of the created patch reefs) uses septic tanks as toilets, which are 
known to overflow during the rainy season (as do most of the septic tanks 
of Fongafale).. Water charged with high level of organic matter usually 
promotes algal growth, which can compete with live corals. 
 

2. While conducting the 15 month monitoring census, the field team has 
noted the occurrence of recently dead coral portions on nearby fringing 
reef corals and transplanted corals, in the form of a white band at the base 
of the branches that appeared to be marks from predation. Similar feeding 
scars and the presence of Drupella cornus was also observed on other 
fringing reefs along the eastern coast of Funafuti atoll (noted during the 
initial scoping assessment and the 15 months monitoring surveys). 
However, only a few individuals were found on nearby reefs and none 
were noted on the transplanted corals, which did not allow us to conclude 
with certainty that a Drupella outbreak was causing the death of our 
transplants or to the surrounding natural reefs.  

 
In addition, significant portions of most transplant patches also had completely 
died during the preceding period. This substantial decline in the live coral cover 
of the patches presents a problem with the monitoring approach that was 
adopted at the beginning of the project. That is, the measurement of live and 
dead coral volumes has become less realistic due to the dominance of total dead 
coral portions within the patches. The alternative measure using the visual 
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assessment of the dead coral cover of each patch is a subjective measure, but 
this is somewhat offset by the fact that the same person conducted all the visual 
estimates, so any bias in the estimates can be assumed to be consistent over 
time. The presence of dead coral areas within a patch reef may be of some value 
to small fish for both feeding (for algal grazers) and for protection from predators. 
However, since none of the patches created a canopy of overlapping colonies 
before significant portions of each patch reef completely died, the protection 
values of completely dead portions of a patch are expected to be relatively low.  
 
 

4.2 Fish colonisation 
 
Although the numbers of observed fish are low overall, it is encouraging to note 
that many of the newly settled fish were juveniles and/or small sized fish, 
indicating that the patches are acting as attractive habitat for fish recruitment. 
The 2-month monitoring time occurred in summer when many juvenile fish 
normally settle onto reefs, but the time period following establishment was too 
short to conclusively demonstrate any effect of the patch reefs as attractants for 
juvenile fish. This is predominantly due to the lack of time for the transplanted 
corals to adapt and grow sufficiently to produce suitable habitat, especially with 
respect to protection and cover from a well developed live coral canopy.  
 
Though the gradual accumulation of numbers of fish is evident, the number of 
fish recorded at each census varied substantially. As an example, the variation 
between the 8 month and 9 month data is largely due to the variation in presence 
of two fish groups that commonly form large schools. That is, there were high 
numbers of Labridae in the 8 month census and none present in the 9 month 
census, and a relatively smaller number recorded in the 15 month census. The 
variation in Labridae numbers (which are composed of carnivores) may be 
indicating that the patch reefs are being used as temporary cover as the school 
moves around the lagoon in search of food.  
 
Conversely, there was a relatively high number of Siganidae in the 9 month 
survey but none recorded in the earlier 8 month census, and again none 
recorded in the 15 month census. The temporary presence of Siganidae shows 
that the patches are also used as possible feeding places as this group is 
composed of algal grazers. Also, they may be using the patch reefs as temporary 
cover. 
 
Other groups of fish also were recorded only in one census (eg, Mullidae only in 
the 15 month census; and small numbers of Scaridae, Chaetodontidae, 
Caesondidae, Gobiidae), further indicating the variable nature of fish abundances 
that may be attributed to the temporary use of the patch reefs rather than the fish 
being site attached.  
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In summary, the results demonstrate that there is high turnover of fish 
abundances and species over relatively short periods of time. This may indicate 
that the fish found in the patches are quite mobile and that the variability in the 
fish data is due to the timing of surveys rather than other factors. It also could be 
indicating that the patches are acting primarily as temporary refuge areas rather 
than major sites for feeding activity, or as suitable juvenile fish settlement habitat. 
Longer time series trends in the dynamics of fish populations on these patches 
would be required to determine what will be the main function of these patches 
for fish. 
 
 

4.3 Lessons learnt 
 
Season of transplantation 
 
It is quite common for transplants to show some “bleaching” or pale colouration 
for a month or two as a result of the stress of transplantation. If the transplants 
acclimate to their new habitat they will return to their normal colour. As expected, 
the corals used in this project appeared to have been initially stressed from being 
moved to the created patch reefs. Stress might be attributed to the fact that 
corals were transplanted to deeper waters (the sandy bottom on which corals 
were placed was 2 to 3 meters deeper than the reef slope from where they were 
collected). Another possible explanation is that corals were stressed from being 
moved at a time of the year when sea temperatures are rising (in end of 
November, see Figure 7). During the warmest season of the year, corals are 
normally under more stress (seasonal bleaching, or acute stress resulting in coral 
disease). As a general recommendation, this time of year should be avoided for 
transplantation but for project logistical reasons the transplantation had to be 
conducted at this time of year. To help minimize the stress of transplantation we 
should have transplanted earlier in the year, e.g., between April and September.  
 
 
Restoration site selection 
 
The transplants appeared to have been affected by rubbish deposition and bad 
water quality associated with heavy rain episodes that drained waste waters from 
the adjacent populated island to the lagoon (particularly organic matter from 
septic tanks). This underlines the necessity to choose a transplantation site that 
is not affected by human impacts so as to enhance the long term survival of 
transplants. The selected site was probably too close to the coastline, however 
other factors had to be considered such as choosing a site that allowed low cost 
regular maintenance and monitoring without the use of a boat (in this case the 
site could be reached by swimming from shore). The final choice of site was a 
compromise between finding ideal environmental conditions to promote long term 
survival of the transplants and developing low-cost/low-tech methods with a 
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community-based perspective (the site needed to be easily accessible from the 
shore, which allows visits by local people including school groups). The high 
mortality rate recorded at the end of the monitoring project stresses the need to 
ensure that the cause of the initial reef degradation was eliminated before 
conducting any restoration/transplantation activities. It is clear that poor water 
quality was one of the main threats to Funafuti lagoonal fringing reefs, especially 
those located in front of inhabited areas. As a general conclusion, land based 
management (rubbish disposal, treatment of waste waters, etc.) should be a 
priority action to undertake to preserve marine areas. 
 
 
Frequency of maintenance 
 
As pointed out earlier, if a certain site has to be chosen for restoration but that 
does not exhibit ideal environmental conditions to ensure the survival of the 
transplants, actions must be undertaken to minimize the transplants loss. For 
example: a more frequent maintenance should be conducted to remove rubbish 
or predators such as Drupella gastropods, in particular at periods of the year 
when these threats might be more critical (after strong wind event, heavy rain 
periods, during summer months, etc.).  
 
 
Local investment in restoration projects 
 
A more frequent and adequate maintenance implies labor costs and requires 
men availability. This emphasized the need to conduct restoration activities in 
close partnership with local people, in a community-based approach, to reduce 
costs (the aim being to develop low cost techniques of restoration) and to 
guarantee a quick response to an observed threat. Local people involvement 
(fishermen, government, NGOs, schools, any other people interested in the 
preservation of marine resources) has to be seek out as soon as the initiation of 
the project, from its conception and realization, to the maintenance and 
monitoring stages. This might well served the purpose of awareness raising and 
the use of restoration activities as communication tools for the preservation of 
reefs.  
 
Conclusions 
 
The advantages of the restoration methods applied in this project include: 

 They require a relatively low level of technological input (even though it is 
highly recommended that the transplantation and collection sites be 
chosen with the help of a coral reef expert), 

 They can be relatively cost effective, 
 Creating separate patch reefs is not significantly damaging to the 

environment (if the source of corals to be transplanted is appropriately 
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chosen and that the species that are used are very common in the source 
area), 

 The creation of small reef areas in an accessible location is a good 
awareness tool for the education and preservation of reefs (through the 
organization of transplantation campaign with adults or schools). 

 
Though this method might be replicable in remote islands where financial means, 
and human and technical resources are limited. However some limitations have 
to be considered to improve this restoration method: 
 

 The restoration site has to be located in an area free of major reef threats 
(especially bad water quality that promotes algal growth, coral disease 
and coral predators), 

 Maintenance activities should be conducted more frequently than what 
was carried out here, particularly at critical times of the year during the 
warmest months when there is maximum algal growth, and when corals 
are more susceptible to any kind of stress; also, frequent maintenance will 
be required if there is a high risk of invasion from coral predators, such as 
crown of thorns starfish and Drupella spp. 
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