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How to use these guidelines

These guidelines contain s im ple advice on coral reef restoration 

fo r coastal managers, decision makers, technica l advisers and 

others w ho may be involved in com m unity-based reef 

restoration efforts. Those attem pting  reef restoration need to  be 

aware tha t there is still m uch uncerta in ty  in the science 

underpinning restoration, not least due to  the great com plexity  

o f reef ecosystem s.

Much sc ientific  research is currently underway around the w orld to  address these gaps in 

our know ledge and im prove our understand ing o f w hat reef restoration in terventions can 

and cannot achieve. Despite these uncerta inties there are many useful lessons which can 

be learned from  previous w ork  both in term s o f w ha t w orks and w hat doesn 't work.

The fo llow ing guidelines seek to  sum m arise these lessons in a succ inc t form  for 

p ractitioners so tha t they may have a clearer idea o f w hat can and cannot be achieved by 

reef restoration and can set goals and expectations accordingly.

M u c h  o f  the  available literature deta i ls the  p lethora of 

m e th o d s  that can  or have been app l ied  in act ive  restora tion 

pro jects ,  but d o e s  not con s id e r  their use  in a m a n a g e m e n t  

con tex t  or offer ad v ice  on techn ica l  k n o w - h o w  needed ,  

c h a n c e  of s u c ce ss ,  risks or l ikely cos ts .  There  is a lso a 

re lu c tance  to d issem ina te  info rmat ion on restora tion failures, 

ana lyse the  causes ,  and  pass  on the  lessons  learnt. Often 

ad v ice  on w ha t  d o e s n ' t  w ork  can be  a lm o s t  as valuable  as 

ad v ice  on w ha t  d o e s  w ork  and can save  pe op le  repeat ing 

pas t m is takes. S o m e t im e s  th is m ay  be  all the  ad v ice  that 

can be  given. D esp i te  all the  uncerta in ties, w e  stick our 

n e cks  ou t and a t tem p t to offer b road brush ad v ice  w he re  

w e  can so  that m a nage rs  can at least have s o m e  idea of 

w h e re  their ac t ions  m ay lead them

T h e se  gu ide l ines are not in tended  to p rov ide  deta i led 

practica l ad v ice  on ho w  to  carry ou t reef resto ra tion but w e  

are in tend ing to  p repare  a c o m p a n io n  Reef Restoration 

M anual w h ich  will cove r  th e se  a sp ec ts ,  build on the  var ious 

m anua ls  a lready available (e.g., Clark, 2 0 0 2 ;  Harr iott and 

Fisk, 1 9 9 5 ;  H eeger and Sotto , 2 0 0 0 ;  J o b  e t at, 2 0 0 3 ;  Miller 

e t at, 1 9 9 3 ;  O n io n  and  Fujiwara, 2 0 0 4  -  see  B ib l iography 

for details), and  syn thes ise  the  results  of severa l major 

international p ro jec ts  current ly  carry ing ou t research  on reef 

restora tion

Meanwhi le ,  for m o re  de ta i led in fo rmat ion p ract i t ioners are 

re ferred to both  the  m anua ls  a b o v e  and the  3 6 3  p a g e  Coral 

Reef Restoration H andbook eclitecl by Will iam F. Prech t and 

pub l ished  in 2 0 0 6  by C R C  Press (ISBN 0 - 8 4 9 3 -2 0 7 3 - 9 ) .  

This is the  first bo ok  d e vo te d  to  the  sc ie n c e  of  coral reef 

restora tion and its 2 0  c h a p te rs  by m any  of the  leaders in the

field s u m m a r ise  m u c h  of  the  sc ient if ic  l iterature ava ilable to 

date . The b o o k  is d e s ig n e d  to gu ide  sc ien t is ts  and re source  

m a nage rs  in the  de c is io n -m a k in g  p ro c e s s  from Initia 

a s s e s s m e n t  th rough  c o n ce p tu a l  resto ration design, 

¡implementat ion and monito ring, and  is an essentia l  re sou rce  

for th o se  w ish ing  to de lve de e p e r  into the  scientif ic, legal 

and  s o c io e c o n o m ic  b a c k g ro u n d  to reef restora tion. A b o u t  

o n e  third of cha p te rs  have a s trong fo c u s  on the  US 

perspec t ive ,  but the  b roade r  international issues are also 

c ove red

For a genera l ove rv iew  of eco log ica l  resto ra tion the 

p racti t ioner is re ferred to  The SER International Primer on 

Eoologloal Restoration  (version 2: O c to b e r  20 04 )  w h ich  is 

available on the  w ebs i te  of  the  S oc ie ty  for Eco lóg ica 

Resto ration International at w w w .s e r .o rg /c o n te n t /e c o lo g ic a l_  

resto ra t ion_pr imer.asp . This g ives a useful and  su c c in c t  

ove rv iew  of the  co n c e p tu a l  basis  of  resto ra tion with a s trong 

practical fo c u s

T h ese  gu ide l ines are for clipping into rather than reading 

from cove r to  cover. S ec t ion s  1, 2, 3.1 and 4 p rov ide  

importan t ad v ice  to coas ta l  m a nage rs  and de c is ion  m akers  

w h o  are cons ide r ing  coral reef restora tion, w he re a s  sec t io ns

3.2  to 3 .9  and  sec t ion  5 are a im e d  m ore  at techn ica l  

adv isers  (that is, pro fess iona l  marine b io log is ts  w h o  have a 

g o o d  b a c k g ro u n d  in the  sub jec t ,  bu t may not have 

spec ia l ised  in reef resto ra tion eco logy) .  Any  reef restora tion 

pro jec t  ne e d s  at least o n e  such  pe rson  to  gu id e  it

For th o s e  need ing  ju s t  a qu ick  overv iew, key po in ts  in the 

text are s u m m a r ise d  as “M e s s a g e  Boards"  and  “G o o d  

Pract ice Check l is ts"

http://www.ser.org/content/ecological_


Ecological restoration is the process of 

assisting  the recovery o f an ecosystem  

tha t has been degraded, dam aged, or 

destroyed.

Coral reef restoration is in its infancy. 

We cannot create fu lly functiona l reefs.

A lthough restoration can enhance 

conservation efforts, restoration is 

always a poor second to  the 

preservation o f original habitats.

M onitoring o f progress tow ards targets 

should be undertaken at regular 

intervals over several years.

Successes, failures and lessons learnt 

should be w ide ly  d issem inated so 

tha t others can benefit from  your 

experiences.

M ajor physica l restoration o f reefs is for 

experts only. Seek expert civil 

engineering advice.

Coral reefs tha t are relatively unstressed 

by an thropogenic im pacts can often 

recover naturally from  d isturbances 

w ithou t human intervention.

Active coral reef restoration has been 

carried ou t w ith  som e success at scales 

o f up to a few  hectares only.

Restoration includes passive or indirect 

m anagem ent measures to  remove 

im pedim ents to  natural recovery, as well 

as active or d irect in terventions such as 

transp lantation.

Active restoration is not a m agic bullet. 

Im proved m anagem ent o f reef areas is 

the key.

The aims o f reef restoration are likely to 

be d icta ted by econom ic, legal, social 

and po litica l constra in ts  as well as 

eco log ica l realities. However, ignoring 

the la tter m eans a high risk o f failure.

Som e physical restoration may be a 

prerequisite fo r any chance o f 

successfu l b io logical restoration.

There are at least 300,000 km 2 o f coral 

reefs in the world . Lack o f hard 

substra te  is not a critica l issue. 

M anagem ent o f degradation o f natural 

reefs is the critica l issue.

Use o f artific ia l reefs in restoration 

needs to  be considered carefu lly and 

c ritica lly  in term s o f need, eco logica l 

im pact, cost-e ffectiveness and 

aesthetics.

C onsider restoration not as a one-o ff 

event but as an ongo ing process over a 

tim e-sca le  o f years w h ich is likely to 

need adaptive managem ent.

M ajor physica l restoration o f reefs costs 

in the order o f US$100,000 -1 ,000,000 's  

per hectare.

The goals o f restoration pro jects should 

be form ulated at the outset as precisely 

as possib le  and potentia l w ays of 

achieving them  considered w ith in  a 

w ider coastal m anagem ent planning 

context.

Targets or m easurable ind ica tors should 

be set tha t a llow  both the progress 

tow ards restoration goals to be 

assessed over tim e and adaptive 

m anagem ent o f the restoration project.

Low -cost transp lantation appears to 

cost about US$2000 -13 ,000  per 

hectare. W ith more am bitious goals this 

rises to  about $40,000 per hectare.

Lor com parison, a global ball park 

estim ate o f the average to ta l annual 

value o f coral reef goods and services is 

US$6,075 per hectare.



1. Background

The purpose o f th is section is to provide a m anagem ent 

con text to  reef restoration. We assum e som e fam iliarity 

w ith  w hat coral reefs are. A key po in t we make is that 

reef restoration should be treated as ju s t one option 

w ith in  an integrated coastal m anagem ent (ICM) planning 

agenda for a stretch o f coast. Too often, enthusiastic 

proponents o f active restoration om it to  consider the 

w ider con text and factors ou ts ide  the ir contro l which 

may jeopard ise  the ir efforts.

1.1 Why are coral reefs important?

As well as p revent ing coas ta l  erosion, coral reefs  p rov ide 

fo o d  and live l ihoods for h u n d re d s  of mi ll ions of coasta l 

p e o p le  In over 1 0 0  coun tr ies  via the  harvesta lsle marine 

re so u rce s  that they genera te ,  and  th rough  tour is ts  a t t rac ted 

by their beauty, biod ivers i ty  and the  w h i te  san d  b e a c h e s  that 

they  su p p o r t  and  protec t .  At least half a bill ion p e o p le  a round 

the  w or ld  are tho u g h t  to  be  partially or whol ly  reliant on coral 

reef re so u rce s  for their l ivelihoods.  T h ese  live l ihoods Inc lude 

fishing, g leaning, marlculture, the  marine aquar ium  trade, and 

a w id e  range  of  e m p lo y m e n t  and  c o m m e rc ia l  opportun i t ies  

asso c ia te d  with tour ism. They  are also a prom is ing  s o u rce  of 

novel p h a rm a ceu t ica ls  treating d isea ses  such  as ca n ce r  and 

AIDS. In te rm s  of biodiversity, a b ou t  1 0 0 ,0 0 0  d e sc r ib e d  

spec ies ,  represent ing  s o m e  9 4 %  of the  planet's phyla, have 

been re co rd e d  on coral reefs  and s o m e  sc ien t is ts  es t im ate  

that the re co u ld  be  five or m o re  t im es  that nu m b e r  still 

unc lescr lbecf

On a g lobal scale, the  value of the  total e c o n o m ic  g o o d s  

and serv ices  p rov ided  by coral  reefs have been es t im a ted  at 

roughly  U S $ 0 0 5  bill ion per year with m o s t  o f  th is c om in g  

from recreat ion, soa d e fe n c e  serv ices  and fo o d  p roduc t ion  

This e q u a te s  to an ave rage value of  a round  U S $ 6 ,0 7 5  per 

hec ta re  o f  coral reef per year. In the  Phil ippines, wh ich  has 

an es t im a ted  2 7 ,0 0 0  kmc of coral  reef ( though with only 

a b ou t  5% In exce l lent condition) , the  reefs  are tho u g h t  to 

con tr ibu te  at least U S $ 1 .35 bil lion per year to  the  nat ional 

e c o n o m y  from the  c o m b in e d  values of  fisheries, tour ism  and 

coas ta l  p ro tec t ion

D egrada t ion  of  reefs  m e a n s  the  loss of  the se  e c o n o m ic  

g o o d s  and serv ices, and  the  loss o f  foo d  securi ty  and 

e m p lo y m e n t  for coas ta l  peop les ,  m any  of  them  In 

deve lop in g  coun tr ies  and m any  of the m  living In poverty.

1.2 What are the threats to coral reefs?

The Status o f Coral Reefs o f the World: 2 004  report  

es t im a tes  that 2 0 %  o f  the  wor ld 's  coral reefs have been 

effectively de s t roye d  and s h o w  no ¡immediate p ro s p e c ts  of 

recovery , that 24%  of the  world 's  reefs are under Imminent 

risk of co l lap se  th rough  hu m an  pressures, and  that a further 

2 6 %  are under a longer te rm threat of  co l lapse

Until a b ou t  2 0  years ago  It s e e m e d  that the  b igges t  th reats  

to  coral  reefs  w ere  from ch ron ic  hu m an  d is tu rb a n ce s  such  

as Inc reased sed im en ta t ion  result ing from lancbuse c h a n g e  

and poor w a te rshed  m a nage m en t ,  s e w a g e  d ischarges ,  

nutr ient loading and eu troph ica t ion  from cha ng ing  

agricul tural  prac t ices, coral min ing, and  overfish ing (Figure

1). However,  In recen t  yea rs  g lobal c l imate  c h a n g e  -  with 

on the  on e  hand, m a ss  b leach ing  even ts  and s u b s e q u e n t  

coral mortality, and  on the  other oce a n  acid i fica tion -  has 

e m e rg e d  as p robab ly  the  b igges t  threat to  the  survival  of 

coral reefs. Undoubted ly ,  the  ability o f  reefs to recover from 

a n o m a lo u s  w arm ing  events , t rop ica l s to rm s  and other acu te  

d is tu rb a n ce s  Is p ro found ly  a f fec ted  by the  level of ch ron ic  

a n th ro p o g e n ic  d is tu rbance .  W h e re  reefs  are healthy and 

unstressed ,  they  can often recover qu ick ly  (so m e t im e s  In as 

little as 5 - 1 0  years). S uch  reefs  can  be d e sc r ib e d  as 

“resil ient" In that they  “b o u n c e  back" to s om e th ing  c lose  to 

their p re -d is tu rb a n ce  s ta te fo l low ing an Impact.  W h e re a s  

reefs  that are a lready s t re ssed  by hu m an  activities, of ten 

s h o w  poor ability to  recover (I.e. they lack resil ience)

Natural d is tu rb a n ce s  have Im p ac ted  coral reefs  for mil lennia 

prior to hu m an  Induced  Im pac ts  and reefs  recovered  

naturally f rom th e se  Impacts .  Even now, healthy reefs can 

and d o  recover from major pertu rba t ions. It Is es t im a ted  that 

approx im a te ly  4 0 %  of the  16 %  of the  w or ld 's  reefs  that w ere  

ser iously  d a m a g e d  by the  unusual ly  w arm  seaw a te r  dur ing 

the  1 9 9 8  El Niño S outhern  Oscil la tion (ENSO) event are 

either recover ing  well or have recove re d

In the  con tex t  of resto ra tion It Is Im portan t to d is tinguish 

b e tw e e n  a cu te  and ch ron ic  d is tu rban ces .  Restoration 

intervent ions are unlikely to s u c c e e d  on reefs that are 

chron ica l ly  s t ressed .  M a n a g e m e n t  m e asu re s  m us t  be 

undertaken  first to  am el iora te  or re m ove  the  ch ron ic  

a n th ro p o g e n ic  s t resso rs  (e.g., s e d im e n t  run-of f, sew age ,  

overf ishing).  On the  other hand, the re Is little that m a nage rs  

can d o  In the  face  of  the  la rge-sca le  “natural" dr ivers of 

degrad a t ion  such  as c l imate  c h a n g e  re lated m a ss -  

b leach ing , s torms, tsunam is ,  and  d ise a se  ou tb reaks  

However,  th e se  s to ch a s t ic  fac to rs  shou ld  not be  Ignored 

dur ing restoration and shou ld  be  taken Into a c c o u n t  dur ing 

the  des ign  of resto ration p ro jec ts  with ef forts be ing m a d e  to 

m in im ise  the  risks p o s e d  by such  events

The e c o n o m ic  c a s e  for better m a n a g e m e n t  Is s trong. For 

exam ple , In Indonesia  It Is es t im a ted  that the  net benefi t to 

individuals der ived from blast fishing Is U S $ 1 5 , 0 0 0  per kme, 

w he reas  the  quanti fiab le net loss to soc ie ty  f rom this activity 

Is U S $ 9 8 ,0 0 0 - 7 6 1 , 0 0 0  per kme. Examp les  from Indonesia  

for th is and other th rea ts  are sh o w n  In Table 1. Using 

m id - ran ge  f igures o n e  f inds that on average net 

losses  to soc ie ty  are nearly ten t im es  the  net benef i ts  to 

individuals



Table 1. Total net benefits and quantifiable losses due to  threats to  coral reefs in Indonesia (present value; 10% discount rate; 25 year 

time-span). Adapted from Cesar (2000).

Threat Total net benefits to  individuals Total net losses to society

Poison fishing $33,000 per km2 $43,000-476,000 per km2

Blast fishing $15,000 per km2 $98,000-761,000 per km2

Coral mining $121,000 per km2 $176,000-903,000 per km2

Sedimentation from logging $98,000 per km2 $273,000 per km2

Overfishing $39,000 per km2 $109,000 per km2

Ecosystem
function

Ecosystem
structure

Figure 1. Drivers of reef ecosystem degradation. D egradation will tend to  reduce  biod iversity and com plex ity  on the  one hand 

and b iornass and productiv ity  on the  other, w ith the  knock-on  e ffec t of reducing  the  flow  of e con o m ic  benefits from  the  reef In term s 

of both goo d s  (e.g., fish) and serv ices such as sea defence . D irect an th ropogen ic  and "natural" im pacts  are separa ted  w ith the 

th ickness of the  orange arrow s Ind icating the  relative sca le  of the im pacts. A lthough d irec t a n th ropogen ic  im pac ts  may ac t at sm aller 

sca les they can build up cum ulative ly over deca d e s  to degrade  reefs at sca les of 100s to  1 00 0 s  of km 2. M ankind 's activities have 

been im plicated  in several of the "natural" drivers of degradation

The sca le  on w h ich  the  var ious dr ivers of coral  reef 

degrad a t ion  ac t  Is Im portant In te rm s  o f  w ha t  restora tion 

m igh t ach ieve  (see sec t ion  1.5). Large sca le  d is tu rb a n ce s  

such  as E N S O - lnc luced  m a ss  coral mortality, t rop ica 

c y c lo n e s  (hurricanes, typhoons),  and  C ro w n -o f - th o rn s  

star fish (,Acanthaster p lanci) ou tb re aks  can  c a u se  d a m a g e  

at sca les  w h ich  are severa l o rders  of  m a g n i tu d e  larger than 

th o s e  at w h ich  restoration can be  a t tem p ted .  However,  the 

a reas that are typica lly d a m a g e d  as a result  of ship 

g round ings ,  d isc re te  s e w a g e  d ischa rges ,  blast fishing, 

S C U B A  clivers or boat  a n cho rs  are of  a similar size to tho se  

at w h ich  restora tion has been  tried with s o m e  s u c c e s s

In sum mary, If reefs are s t re ssed  by a n th ro p o g e n ic  act ivit ies 

(e.g., overf ishing, se d im e n t  and  nutr ient run-off), they  are 

less likely to  be  ab le  to  recover from large sca le  

d is tu rban ces .  Act ive restora tion Is highly unlikely to be  ab le  

to ass is t such  recovery  d u o  to the  hu ge  sca le -m lsm a tch ,  

bu t g o o d  coas ta l  m a n a g e m e n t  (referred to  by s o m e  as 

“pass ive  restora tion")  m ay  give the m  a f ighting ch a n ce .  If 

m ank ind  a t tem p ts  to  m a n a g e  th o s e  threats to reefs that are 

potentia lly  m anageab le ,  then restora t ion at small sca les  can 

ass is t m a n a g e m e n t

Anthropogenic

•  Coral mining
• Sedimentation
• Blast fishing
• Nutrients /  Sewage
• Overfishing
• Ship groundings
• Divers /  anchors

Original
Ecosystem

Natural

• Global warming /  ENSO
• Hurricanes, cyclones, typhoons
• Tsunamis
• Disease
• Predation (e.g. Crown-of- thorns)

Biodiversity and complexity
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1.3 What are the aims of restoration?

Before th inking a b o u t  the  a ims of spec if ic  reef restora tion 

p ro jects ,  it is w orthw h i le  cons ide r ing  w ha t  is m e an t  by 

eco log ica l restoration. The  S oc ie ty  for Eco log ica l Resto ration 

international of fers  the  fo l low ing defin it ion

“ Eco log ica l res to ration Is the  p ro c e s s  of assisting the 

recovery  of  an e c o s y s te m  that has been  de g rad ed ,  

d a m a g e d ,  or des troyed ,"

The Italics are ours  and e m p h a s is e  that restora tion 

intervent ions are d e s ig n e d  to  ass is t natural recovery  

p ro ce sse s .  If th e se  p r o c e s s e s  are severe ly  ¡impaired, other 

m a n a g e m e n t  m e asu re s  are likely to  be  n e e d e d  be fore 

restoration ¡interventions can have any c h a n c e  o f  s u c c e s s  

Our “ass is tance"  to  natural recovery  may be  either in the 

form of pass ive  or indirect m easures , or in the  fo rm of active 

or d i rec t  ¡interventions. The formier genera l ly involve 

improving the  m a n a g e m e n t  of a n th ro p o g e n ic  act iv ities that 

are ¡impeding natural recovery  p ro ce sse s :  the  latter genera lly 

involve active phys ica l restora tion a n d /o r  b io lóg ica 

restoration ¡interventions (e.g., transp lan ta t ion  o f  cora ls  and 

other biota to  d e g ra d e d  areas)

Cora l reef resto ra tion is still in its ¡infancy and it is un w ise  to 

ove rs ta te  w ha t  resto ration can ach ieve. If d e c is io n -  mi a k e r s 

are leei to  be lieve that funct ion ing  reefs can be  c rea ted  by

restora tion ¡interventions (e.g., t ransp lan t ing reef o rgan ism s  

from a sacrif icial  site, w a n te d  for de ve lo p m e n t ,  to  an area 

ou ts ide  the  ¡impact zone), they  will ac t  accord ing ly .  It shou ld  

be  e m p h a s is e d  to d e c is io n -m a ke rs  that w e  are a long w ay  

from be ing ab le  to rec rea te  fully funct iona l reef e c o s y s te m s  

(and poss ib ly  will never be  ab le  to!) and  thu s  dec is io ns  

w h ich  rely on c o m p e n s a to ry  mitigation are effect ively 

p rom ot in g  net reef loss

It is pe rhap s  useful to  de f ine  w ha t  w e  mean  by restora tion, 

rehabil itation and remedia t ion

• Restoration: the  ac t  of bringing a d e g ra d e d  e c o s y s te m  

ba ck  into, as nearly as possib le ,  its or iginal cond i t ion

• Rehabilitation: the  ac t  of partially or, m o re  rarely, fully 

rep lac ing s tructu ra l or funct iona l  cha rac te r is t ics  of  an 

e c o s y s te m  that have been d im in ished  or lost, or the 

subst i tu t ion of  al ternat ive quali t ies or charac te r is t ics  

than th o s e  or iginally p resen t  with the  p rov iso  that they 

have m o re  social, e c o n o m ic  or eco log ica l  value than 

ex is ted in the  d is tu rbed  or d e g ra d e d  s ta te

• Rem ediation: the  ac t  or p ro c e s s  of  re m edy in g  or 

repair ing d a m a g e  to  an e c o s y s te m

With  reefs  w e  are usual ly a im ing for resto ra tion bu t may be 

p leased  if w e  can  jus t  ach ieve  s o m e  fo rm o f  rehabil itation

Ecosystem
function

Replacement 
Ect>s\ i|em

Biodiversity and complexity Ecosystem
structure

Figure 2. Possible paths of recovery or sta te change  for a deg raded  e cosystem  with and w ithou t active restoration interventions 

See text be low  for an explanation, (Diagram based  on Fig, 5 ,2  in B radshaw, A.D . (1987), The reclam ation  of dere lic t land and the 

ecology of ecosystem s. In: Jo rdan  III, W.R., G ilpin, M.E. and Aber, J.D .(eds). R estoration E co logy: ,4 S ynthetic  A p p ro a ch  to  E co ioq ica i 

Research. C am bridge  University Press.)



The pr imary aim of resto ra tion is to im prove  the  d e g ra d e d  

reef in te rm s  e c o s y s te m  s truc tu re  and funct ion . A ttr ibu tes  to 

be  c o n s id e re d  m igh t be  biod ivers i ty  and com p lex i ty  on the 

o n e  hand and b io m a ss  and product iv i ty  on the  o ther (Figure

2), In a healthy reef sys tem  w h ich  has not been physical ly 

d a m a g e d ,  an ¡impacted area m igh t be  e x p e c te d  to recover 

naturally to its p re -d is tu rb a n ce  s ta te  a long a succe ss io na l  

tra jectory (thick green arrow). In such  a case, benign “neglect" 

(letting na ture take  its cou rse)  and pa t ience  may ach ieve  

restoration. However,  if deg rada t ion  is suff ic iently seve re  or 

spatial ly  extensive, or the  reef sys tem  is su b je c t  to additiona l 

ch ron ic  h u m a n - in d u c e d  s t resses  (e.g., overf ishing, nutrient 

loading, sed im enta t ion)  then “neglec t"  (doing noth ing) may 

se e  further decline, or poss ib ly  a sw itch  to  an al ternate 

(perhaps  undes irab le  for local re sou rce  users) s tab le  s ta te 

(e.g., a reef d o m in a te d  by m acroa lgae) .  In such  cases, 

ac t ive restora tion if necessary ,  in c om b ina t io n  with 

m a n a g e m e n t  ac t ions  to  r e d u c e  a n th ro p o g e n ic  st ress, is 

likely to  be  n e e d e d  if the  reef is to have any c h a n c e  of 

recovery  to  a des irab le  state. Even with act ive  restora tion 

measures ,  recovery  m ay  p rog ress  to s o m e  sta te  di fferent 

f rom the  or iginal e co s y s te m .  This may be a b roadly  similar 

sta te  (e.g., coral  d o m in a te d  but with dif fe rent d o m inan t  

spec ies )  in w h ich  c a s e  “rehabil itation"  (¡ improvement of the  

e c o s y s te m 's  func t ion  and  structure ) has been ach ieved, but 

not full restora tion. Alternatively, the  active restoration may 

d isap po in t  and  lead to  a rather dif fe rent e c o s y s te m  state 

(“re p lacem en t"  system), the  pe rce ived  desirabi li ty of  wh ich  

will d e p e n d  on the  goa ls  of  the  restoration in te rvent ion 

Dec id ing  w he ther  act ive m e a su re s  are n e e d e d  and what 

th e se  shou ld  be  is p e rhap s  the  ha rdes t  issue to resolve 

W e  will try to  give s o m e  g u id a n c e  as to h o w  to a p p ro a ch  

th is issue in the  fo l low ing few  sec t io ns

A b o v e  w e  have co n c e n t ra te d  on the  bio logical a ims of reef 

resto ration and po ss ib le  o u tc o m e s .  However,  in the  rea 

world, the  a ims of  resto ration are likely to  be d ic ta ted  by 

e c o n o m ic ,  legal, soc ia l  and  polit ical constra in ts .  These  

cons tra in ts  m ay  dr ive the  eco log ica l  a ims of  a p ro jec t  and  at 

w o rs t  con f l ic t  with eco log ica l  b e s t -p ra c t ice  advice . Pro jects 

w h ich  ignore the  eco log ica l  realit ies are likely to  be  at high 

risk of failure, have poor cos t -e f fe c t ive n e ss  and  may do 

m o re  harm than g o o d

Not all reef resto ra tion p ro jec ts  fit into the  s c h e m e  above.  In 

the  tour ism  sector, the re  is of ten a des ire  to  p ro m o te  easy 

a c c e s s  to  p a tc h e s  of coral habitat so  that an yo n e  at a 

resort can see  the  cora ls  and br ightly co lou red  reef fish for 

th e m se lve s  in a shallow, safe  and  she lte red  env ironm ent.  To 

d o  this, p a tc h e s  of  reef may be  (re-) c rea ted  in a sandy  

lagoon either on natural or artificial subs tra tes .  Usually cora 

transp lan ta t ion and  other “resto ra tion" te c h n iq u e s  are 

involved. S uch  p ro jec ts  m ay  also o ccu r  in marine park 

a reas and can clearly have a valuab le  ed uca t iona l  and 

pub l ic  a w a re n e ss  role. T h e se  pro jec ts  m ay  not be  reef 

resto ration in the  strict sense, but rather habita t subst i tu t ion 

or habita t creation, no ne th e less  they  are of ten co n s id e re d

as restora tion activi ties and are sub je c t  to  the  sam e  

eco log ica l  constra in ts .  Here  the  a ims are s imple, to c rea te  

s o m e  easily access ib le ,  aesthetica lly  pleasing, (and hopefu lly 

self-susta in ing) coral reef habita t for tour is ts  or park visitors 

w h o  are not a c c o m p l is h e d  snorke l lers  or S C U B A  clivers

A  s e c o n d  type  of resto ration pro jec t  that d o e s  not really fit in 

the  sche m e ,  is w he re  an area of reef is be ing de s t ro ye d  by a 

d e v e lo p m e n t  (e.g., lanci rec lamation, a po w e r  plant, a port 

de ve lopm en t)  and  living coral and  other reef o rgan ism s  -  

w h ich  will clio if left in situ  -  are t ransp lan ted  to an area of 

reef out of harm 's way. The m a n a g e m e n t  dec is ion  has 

already been taken that the re  will be  net habita t loss; the 

main aim of the  mitigation pro jec t  is to  save  as m any  of the 

sessi le  o rgan ism s  as po ss ib le  from the  im pa c t  site. As a b y ­

produc t ,  the  receiv ing area is l ikely to  benef i t  if the  p ro jec t  is 

well p lanned  and exe cu ted .  Again t ransp lan ta t ion and other 

reef resto ra tion te c h n iq u e s  are involved, and  such  pro jec ts  

can usefully be  co n s id e re d  in a restora tion con tex t  even if 

the  p r im e driver is mitigation and not a pe rce ived  ne ed  for 

restora tion

1.3.1 Setting goals and success criteria for 
restoration projects

Before any restora tion p ro jec t  is undertaken  the  a ims o f  the 

restora tion w ork  sho u ld  be  careful ly  c o n s id e re d  and 

d e sc r ib e d  as p rec ise ly  as poss ib le .  Surprisingly, this is 

se ldo m  clone, with the  result  that a ims are often poorly 

de f ined, or not th o u g h t -o u t  and m ay be  eco log ica l ly  

unrealistic, such  that the  p ro jec t  is d o o m e d  from the  start 

W i thou t  aims, it is also not poss ib le  to  eva luate s u c c e s s  and 

it is di fficult to  learn lessons. O n c e  the  a ims are ag reed  and 

clear to all s takeho lde rs ,  then a set of ob ject ive ly  verifiable 

and m e asu ra b le  ind ica tors  (or targets) ne e d s  to  be 

es tab l ished  that will a l low the  s u c c e s s  (or failure!) of the 

restora tion p ro jec t  to  be  eva luated . The ind ica tors  shou ld  

m a tch  the  a ims so  that, if the  ta rge ts  are at tained, then the 

a ims will have been succe ss fu l ly  ach ieved .  The ta rge ts  need 

to be  real istic and fairly easily asse ssed ,  and the  t im e fram e  in 

w h ich  they  are to  be  ach ie ved  shou ld  be de f ined . An explic it 

t im e fram e with m i les tones  a l lows the  p rog ress  of  the 

restora tion to be  m on i to red  over t ime and cor rec t ive  ac t ions 

(adapt ive m a nage m en t)  to be  undertaken  if appropr ia te ,  such  

as w hen  ind ica to rs  fail to  perform within the  p red ic ted  

t ime fram e. Ind icators m ay  be  e n d p o in ts  such  as p e rcen tage  

live coral cove r or e v id e n c e  of restora tion of key e c o s y s te m  

p r o c e s s e s  such  as coral rec ru i tm en t  or fish grazing

Dec id ing  on criteria w h ich  d e m o n s t ra te  successfu l  

resto ra tion and p ick ing ind ica to rs  and  target values for these  

is not easy. The e x p e c te d  t im e sca le  of recovery  may be 

unclear and  the  “re fe rence  e c o s y s te m  state" to  aim for may 

not be  o b v io us  un less the  d e g ra d e d  area is small and  a 

c o m p a ra b le  reef that is in g o o d  cond i t ion  exists  nearby and 

can serve  as a “yardst ick".  Historica l da ta  or data  from qu ite 

d is tant s ites of  similar aspec t ,  dep th ,  exposure ,  etc, may



have to be  so u g h t  to p rov ide  c lues  as to wha t  s ta te  you are 

try ing to  res to re  the  reef. In the  face  of  g lobal c l imate  c h a n g e  

the  “re fe rence  e c o s y s te m  state" is also likely to be  in flux, so 

a p ragm a t ic  a p p ro a ch  is needed .  Given th is uncerta inty, you 

may be  w ise  to  set a ims and indicators , w h ich  will sh o w  

w he the r  recovery  Is on the  right t ra jectory in te rm s  of 

d irect ion of change ,  but are not very explic it  a b ou t  the 

a m o u n t  of c h a n g e  e x p e c te d

For active restora tion, m easur ing  s u c c e s s  can  be m a d e  

easier if you set up  a nu m b e r  of  “c e n t re r  a reas at your 

d e g ra d e d  site w he re  no ac t ive In terventions are carried out 

(Figure 3). You can then c o m p a re  w ha t  h a p p e n s  over t im e In 

a reas w he re  you have active ly ass is ted  natural recovery  

p rocesses ,  and w ha t  h a p p e n s  in ad ja cen t  areas w he re  you

have ju s t  let natural recovery  (if any) take  its cou rse .  The 

c o s ts  are w ha t  you 've  paid out; the  benef i ts  are any 

improvem ents  of  Ind icators (e.g., % live coral cover, n u m b e rs  

o f fish grazers, ra tes of  coral  recru itment) in res to red  areas 

over and  ab o ve  th o se  in the  con tro l  areas. Given the 

increasing a m o u n t  of  reef degradat ion , the  high c o s ts  of 

act ive restora tion, and  the  potentia l  benef i ts  in te rm s  of 

learning lessons  from pro jec ts  that inc lude an e lem en t  of 

exper im enta l  des ign , such  an a p p ro a ch  is s trongly  

r e c o m m e n d e d  w herever poss ib le .  The t im e -sp a n  over w h ich  

c h a n g e s  are eva luated sho u ld  be  at least severa l years to 

m a tch  the  e x p e c te d  t im e -c o u rs e  of  recovery . S tud ies  s h o w  

that natural  recovery  take s  at least 5 - 1 0  years, bong-te rm  

(5 -10  years  +) resto ra tion is the  goal, not sho rt- te rm , often 

ephem era l ,  im p ro ve m e n ts  in indicators
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Figure 3. Map of a restoration site in Fiji show ing how  the  deg raded  reef area w as d iv ided Into 1 2 plots, th ree  of w h ich  were 

se lected  for restoration (A3, B4 and B5) and three of w hich  w ere se lected  for m onitoring as contro ls  (A2, A 4 and B3). (From: J o b ,S 

B ow den-K erby, A., Fisk, D., khan, Z and Nalnoca, F. (2006). P rogress report on restoration  w ork  and m onitoring. M oturlkl Island, Fiji 

Technical Report. Coral Reef Initiative for the  South Pacific.)

Ecological restoration is the process o f assisting  the recovery o f an ecosystem  that 

has been degraded, dam aged, or destroyed.

Message Board

Restoration includes passive or ind irect m anagem ent measures to  rem ove im pedim ents to 

natural recovery, as well as active or d irect in terventions such as transp lantation.

The aims o f reef restoration are likely to  be d ic ta ted by econom ic, legal, socia l and politica l 

constra in ts as well as eco log ica l realities. However, ignoring the latter means a high risk o f failure.

The goals o f restoration pro jects should be form ulated at the ou tset as precisely as 

possib le and potentia l ways o f achieving them  considered w ith in an integrated 

coastal m anagem ent and planning context.

Targets or m easurable ind ica tors should be set tha t a llow  both the progress tow ards goals 

to be assessed over tim e and adaptive m anagem ent o f the restoration project.

M on itoring o f progress tow ards targets should be undertaken at regular intervals over 

several years.

Successes and failures, and lessons learnt should be dissem inated so others 

can benefit from  your experiences. Little is known; every little bit o f know ledge helps.



1.4 Why carry out reef restoration?

Cora l reef sys te m s  have evo lved  to c o p e  with natura 

d is tu rb a n ce s  and  Indeed the se  d is tu rb a n ce s  may be 

important In structur ing reef com m un i t ie s .  On the  w ho le  (If 

healthy and  un s tresse d  by m an 's  activities) they ten d  to 

recover well from such  a cu te  d is tu rb a n ce s  but full recovery  

of  areas may take  d e c a d e s  -  a short  t im e on an eco lóg ica  

or evo lu t ionary  t im e scale, bu t a long t ime on our t im e sca le

A n th ro p o g e n ic  Im pac ts  are often ch ron ic  ( long-term) and 

even w hen  acu te,  like sh lp-grounc l lngs, can c a u s e  physica l 

d a m a g e  that c o m p ro m is e s  natural recovery  p ro ce sse s  

W h e re  the re are ch ron ic  hu m an  Im pacts,  to  al low any 

c h a n c e  of recovery , pass ive  or Indirect resto ra tion m easu re s  

such  as s e w a g e  t reatment,  w a te rsh e d  m a nage m en t ,  

fisheries en fo rce m en t ,  etc . m ay  be  n e e d e d  to a l low natura 

recovery  p r o c e s s e s  to  operate, fo l low ed  by ac t ive or d irect  

resto ration In terventions such  as coral t ransp lan ta t ion or 

sub s tra te  stabilisation to assist. W h e re  recovery  Is Im p ede d  

b e c a u s e  of physica l d a m age ,  then act ive physica l 

resto ration m ay  be  a pre-requ is i te  for recovery . Thus  It Is 

main ly  w he re  h u m a n s  Im pac t  reefs  that resto ration (passive 

or active) Is ne eded .  The main s o c io - e c o n o m ic  reason to 

restore , Is to br ing b a ck  the  f low  of g o o d s  and serv ices  

p rov ided  by healthy reefs  (see sec t ion  1.1)

Again, de c is io ns  on reef resto ra tion are often likely to be 

dr iven by the  local e c o n o m ic ,  legal, soc ia l  and  política 

env ironm ent .  Th us  o n e  finds that m u c h  reef resto ra tion has 

been asso c ia te d  with repair ing Injury to  reefs  c a u s e d  by 

sh ip  g round ings .  In such  cases, Insu rance that cove rs  

sh ipp ing  c o m p a n ie s  (referred to as “re spons ib le  parties" In 

legal ja rgon) from liability p rov ides  a s o u rc e  of  fund ing . In 

coun tr ies  such  as the  U S A  the re  Is also a legal f ra m ew ork  to 

su p p o r t  c o m p e n s a to ry  restoration to  re p lace  the  lost  reef 

re so u rce s  and serv ices . The sca le  of  d a m a g e  (In the  order 

of  1 0 0 - 1 0 0 0  me per g round ing  Incident) m a tch e s  well on to  

the  sca le  of w ha t  can be  a t te m p te d  by current restora tion 

tech n ique s .  As a result, sh ip -g ro u n d in g  restora tion p ro jec ts  

n areas such  as the  Florida Iveys Nat ional  Marine Sanc tua ry

have p rov ided  m any  useful lessons. O ne  Im portan t lesson 

from s tud ies  of sh lp -g rounc l lngs  Is that even such  local ised 

a n th ro p o g e n ic  Im pac ts  m ay  not recover to  a p re -d is tu rba nce  

s ta te but m ay  “flip" Into algal d o m in a te d  or h a rd -g rou nd  

c o m m u n i t ie s  qu ite unlike the  pre-innparctecl reef.

A  very e n cou ra g ing  d e v e lo p m e n t  In reef resto ra tion Is the 

Increasing Interest by local c o m m u n i t ie s  In deve lop ing  

coun tr ies  In Improving the  quali ty  and product iv i ty  of reef 

re sou rce s  w h ich  have been d e g ra d e d  by blast fishing, 

long -te rm  overf ishing, sed im en ta t ion ,  nutr ient load ing or other 

Impacts .  In such  ca se s  the  c o m m u n i t ie s  ten d  to  use a 

com b ina t io n  of  m a n a g e m e n t  m e a su re s  (e.g. dec la ra t ion of 

marine p ro te c te d  areas or no - take  zones) and local ised 

restora tion to a t tem p t to  res tore  the  f low  of marine resources  

(especial ly fish) on w h ich  the  c o m m u n i ty  used  to  subsis t .  In 

such  cases, act ive restora tion Is ju s t  one  tool In the  coas ta  

m anage r 's  a rm oury  and shou ld  be  seen as ju s t  one  

c o m p o n e n t  of a larger In tegrated m a n a g e m e n t  plan, not as a 

“m a g ic  bullet". S uch  activi ties may a lso have tour ism  re lated 

sp in -o f fs  (see Heeger and Sotto , 2000)

Two type s  of p ro jec t  w h ich  Involve reef restora tion 

te c h n iq u e s  and m ay resul t In resto ration of  areas of reef, are 

the  creation of easily a c c e ss ib le  reef habita t p a tc h e s  for 

tour ism  and educat ion ,  and  the  saving by trans loca t ion  of 

reef o rgan ism s  w h ich  will o th e rw ise  be  kil led clue to a 

d e ve lopm en t .  The mot ives  are c lear In bo th  ca se s

A nother a rg u m e n t  for resto ration re lates to  the  risk of cora 

do m in a te d  sy s te m s  be ing “f l ipped" Into alternat ive s tab le 

s ta tes  by d is tu rb a n ce s  (see Box 1). Reef resto ra tion Is very 

expens ive, m o re  so  than sea grass  or m a ng ro ve  restora tion 

Trying to res tore habita t p a tc h e s  w h ich  have f l ipped Into an 

alternat ive s tab le  sta te  will be even m ore  cos t ly  and pe rhap s  

prohibi tive ly so. However,  a c om b ina t io n  of m a n a g e m e n t  

m e asu re s  (to re d u c e  the  ch ro n ic  a n th ro p o g e n ic  s tressors) 

and act ive  restoration on a d e g ra d e d  reef sys tem , may 

Im prove res il ience and re d u c e  the  risk o f  the  e c o s y s te m  

sliding Into an al te rnat ive s ta te

Box 1: Jamaican case-history

The dangers posed by a combination of chronic anthropogenic 

impacts and natural disturbances to  reefs are exemplified by 

what has happened in Jamaica over the last several decades.

A somewhat simplified account follows. In the 1970s the reefs 

of Jamaica were coral dominated ecosystems with around 45- 

75% live coral cover depending on depth and location. Fishing 

was already intense with clear evidence o f overfishing on the 

reefs since the 1960s. On the more accessible reefs it was 

estimated that fish biomass had been reduced by up to 80%. 

Thus large predators such as sharks and large snappers, jacks, 

triggerfish and groupers had been virtually fished out followed 

by large herbivores such as big parrotfishes. As fishing 

pressure continued down the food web, other herbivorous fish 

were reduced in abundance and size but the ecosystem had 

some redundancy in the form  of grazing sea urchins (Diadema 

antillarum) and these took over much of the grazing service

provided by fish. Fishing reduced the abundance of both fish 

which preyed upon the urchin (e.g., triggerfishes) and 

herbivorous fishes which competed with them for algal 

resources. As a result the Diadema urchin populations boomed.

Grazing of algae is important because if macroalgae (seaweeds) 

become dominant, they can occupy most of the available space 

on the reef and prevent settlement of corals and other 

invertebrates. Normally there is a balance, w ith macroalgal 

biomass held in check by grazers, which by their feeding 

continuously create small patches of bare substrate where 

invertebrates can settle. Flowever, in the absence of sufficient 

grazing, macroalgae (which when well-grown may be 

unpalatable to  most herbivores) can take over. When this 

happens you can get a dramatic shift to  an alternative, 

macroalgal dominated, ecosystem state.

6



Coupled with overfishing were land-use changes, which 

probably led to  increased nutrients and sedimentation on 

some inshore reefs, and also increased prevalence o f coral 

disease. Then in 1980 Hurricane Allen struck. This major 

disturbance caused a major loss o f shallow water coral cover 

and a short-lived algal bloom. However, the reefs appeared 

resilient w ith the Diadema urchins able to  control the algal 

growth such that there was substantial coral recruitment and 

coral cover began to  recover slowly. Then three years later in 

1983 there was a mass d ie-off o f the Diadema urchins from 

disease with densities being reduced by 99%. At this point the 

last bastion of herbivorous control was breached and firstly 

shallow reefs and then deeper reefs were taken over by 

macroalgae. By the late 1980s the reefs had largely shifted to 

an alternative stable state with 70-90% algal cover.

From a restoration point o f view, this alternative state is 

probably an order o f magnitude harder to  restore than the 

various degraded versions o f the coral dominated system that 

persisted before the Diadema die-off. To regain the original

state, not only is there a need for management measures 

(passive restoration) to  shift conditions from  C2 towards C1 in 

Figure 4 (fisheries management and/or urchin culture to  restore 

herbivory), but there is likely to  be a need for some large active 

restoration disturbance to remove macroalgae and add corals 

before the system is likely to  have any chance of flipping back.

The lessons learnt are that chronic anthropogenic impacts 

over decades cumulatively chip away at the resilience of the 

ecosystem with little sign that the system is at risk. After 

Hurricane Allen it still appeared resilient and showed signs of 

bouncing back. Then, eventually, one disturbance too far 

becomes the straw that breaks the camel's back and the 

system collapses into an alternate state.

With global climate change, the disturbances appear to  be 

coming th ick and fast and unless we can manage those 

reefs under anthropogenic stress better, it seems increasingly 

likely that we shall see reefs in many locations toppling like 

dominoes into alternate states.

LOSS OF 
RESILIENCE

LOSS OF SPECIES 
REDUNDANCY OVERFISHING

CoraDIADEMA
DIE-OFF

dominated

4 5 - 75%

live coral

M acroalaal
domina
ecosystem

7 0 - 90 %

macroah

Conditions

Figure 4. Shifting to an alternative state. The solid w hite  cu rves represen t "attractors" for tw o  d ifferent s tab le  states, one coral 

dom ina ted  (top right) and one m acroalgal dom ina ted  (bottom  left). W hen the  ecosystem  state is near each a ttractor various fe e d ba ck  

p rocesses will tend to maintain stability, pulling it back, tow ards  the  attractor. As cond itions  deterio ra te  for the  coral dom inated 

ecosystem  from  C1 tow ards C 2, its sta te  drifts, tow ards the b ifurcation poin t F2 and its res ilience (difficulty with w h ich  d is tu rbances can 

m ove it into an unstab le  or a lternate s tab le  state) decreases. The dashed  w hite  cu rve  be tw een  F2 and F1 is a "repe lled  w here  the 

ecosystem  state is unstable  and may flip into either s tab le  state

As conditions, change  there may be little obvious change  in ecosystem  state but the  system  may beco m e  less and less able to 

respond  to large d is tu rbances. In the  case  of Jam aica , the  reefs, appeared  to be recovering from  Hurricane Allen and m oving back, 

towards, the  attractor, but then m ass d ie -o ff of D iadem a  flipped  the  system  to an a lternate s tab le  state. To restore the  system , not only 

is m anagem en t needed to  m ove conditions, back, towards, C1 but som e  m ajor d is tu rbance  or active restoration intervention will be 

needed to  overcom e  the  resilience of the  m acroalgal sta te attractor.

(H ug he s, T.P. (1 9 94 ). C a ta s tro p h e s , p h a s e  sh ifts , a rid  la rg e -s c a le  d e g ra d a tio n  o f a C a rib b e a n  co ra l reef. S c ie n c e ,  2 6 5 : 1 5 4 7 -1 5 5 1 ; S u d ir ig , K .N ., G ross , 

h .L . a n d  H o u se m a n , G .P . (2 0 04 ). A lte rna tive  s ta te s  a nd  p os itive  fe e d b a c k s  in re s to ra tio n  e co lo g y . S e n d s  in E c o lo g y  a n d  E vo lu tion  19 (1): 4 6 -5 3 .)



1.5 What can reef restoration interventions 
realistically achieve?

As shou ld  be clear f rom earlier sect ions, coral reef 

resto ration Is still In Its Infancy, The sys tem  w e  are trying to 

res tore Is very c o m p le x  and It Is not w e l l -enough  

u n d e rs to o d  for us to  be  con f iden t  o f  the  o u tc o m e s  of 

resto ration a t tem pts .  W e  are still learning w ha t  w o rks  and 

w ha t  d o e s n ' t  w ork  In a largely em pir ica l way.

As w e  e m p h a s is e d  earlier, this m e ans  that the  limited 

potentia l  for resto ra tion sho u ld  not be  used  as justi f icat ion 

by d e c is io n -m a ke rs  for approv ing  pro jec ts  w h ich  will 

d e g ra d e  healthy reefs

Reef resto ra tion sho u ld  never be  overso ld  and Its l imi tations 

clearly u n d e rs to o d  (R ichm ond , 2005),  It Is hum bl ing  and 

s o m e w h a t  d e p ress in g  to  c o m p a re  the  relative sca le  of 

resto ration a t tem p ts  to da te  and the  sca le  of reef

Clearly the re Is a m ism a tch  (of severa l o rders  of magn i tude) 

b e tw e e n  the  sca le  at w h ich  reef resto ration can current ly  be 

a t te m p te d  and the  sca le  at w h ich  major Im pac ts  can 

d e g ra d e  reefs. In the  ca s e  o f  large scale, natural  (but 

p e rhap s  exa ce rb a te d  by man) a cu te  d is tu rbances ,  th is Is 

not necessar i ly  a p rob lem  as healthy reefs are resil ient and 

sho u ld  largely recover of  their o w n  a c c o rd  If not o therw ise  

s t ressed

O ne  key area for research , Is to  find out w he the r  local ised 

restora tion at sca les  of hec ta res  can  c a s c a d e  benef i ts  to 

c low n-cu rren t  areas at sca les  of  ten s  of  hec ta res  or square  

k i lometres. Another,  Is to  find ou t w he the r  small c o m m u n i ty -  

ba se d  reef resto ra tion p ro jec ts  can p r o d u c e  viable and 

sus ta inab le  func t ion ing  reef areas and w he the r  the re  Is a 

m in im um  size n e e d e d  for sustainabil ity. Th is re lates to the 

w ider  Issue of  the  m in im um  size n e e d e d  for marine 

p ro tec te d  areas to be  effective

Wide range of human 
impacts on reefs

1km2

W  1 ha = 100x100m = 10,000m2

1 I I I I I I I I
Hectares 1 0 2 1 0 1 1 10 1 02 1 03 1 04 1 05

Figure 5. The scale of degradation versus that o f restoration. A com parison  of the  approx im ate  sca les of degradation  resulting 

from  various causes with the  sca le  at w hich  reef restoration has been carried out with a degree  of su ccess . The exten t of the "w ide 

range of hum an Im pacts" Is perhaps conserva tive  and these  can build up cum ulative ly to e nco m p a ss  huge areas, as seen In Philippines 

and Jam aica,

degrad a t ion  (Figure 5), Resto ration has been carried out 

with s o m e  s u c c e s s  on sca les  o f  ten s  of squ a re  m e tres  to 

severa l hectares. However,  a w id e  range o f  local hum an 

impacts  on reefs  ac t  at sca les  of severa l s qu a re  k i lometres 

and cum u la t ive  hum an Im pac t  over d e c a d e s  has led to 

es t im a tes  of  1 0 0  -1 0 0 0 s  of s qu a re  k i lometres  of d e g ra d e d  

reef In coun tr ies  such  as Jam a ica  and the  Phil ippines,  At a 

similar sca le  w as  the  area of  reefs  In the  Indian O cea n  

a ffec ted  by m a ss  po s t -b le a ch in g  coral mortali ty dur ing the 

1 9 9 8  El Niño S outhern  Oscil la tion event.  In be tw e e n  In 

scale, are even ts  such  as major C ro w n -o f - th o rn s  

(,Acanthaster p lanci) o u tb re aks  on the  Great Barrier Reef, 

w h ich  In a bad  year m igh t severe ly  Im pac t  1 0 0 s  of square  

k i lometres  of reef.

Message J&çreLv
Coral reef restoration is in its infancy. 

We cannot create fu lly  functiona l reefs.

Active restoration has been carried out 

w ith som e success at scales o f up to  a 

few  hectares only.

Natural d is turbances and human 

im pacts on reefs can affect reefs on 

scales o f 10s to 1000s o f km 2.

Active restoration is not a m agic bullet. 

Im proved m anagem ent o f reef areas is 

the key.

Restoration

Ship groundings

Acanthaster planci 
outbreaks on GBR

1998 bleaching mortality 
in Indian Ocean
Area of degraded reef in 
Philippines or Jamaica
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Severely degraded reef with little live coral remaining. Algal turf and sediment 
cover dead coral colonies.

1.6 Is active restoration the right choice?

Resto ration n e e d s  to be  v iew ed  as on e  op t ion  within a 

b roade r  integrated coas ta l  m a n a g e m e n t  con tex t .  A  key 

factor in de te rm in ing  w he the r  ac t ive  restora tion shou ld  be 

a t te m p te d  is the  sta te  of the  local env ironm ent.  At one  

extreme, If local env ironm enta l  con d i t ions  are good ,  the 

d e g ra d e d  area small, and  the re  are no physica l 

imped iments  to recovery  (e.g., loose  rubble),  the  d e g ra d e d  

pa tch  may recover naturally within 5 - 1 0  years. In such  a 

case , act ive restoration may have very limi ted benefi ts . At 

the  other extreme, If local env ironm enta l  con d i t ions  are very 

poor (high nutr ient Inputs, sed im en ta t ion ,  overf ishing, etc.), 

the  c h a n c e s  of  es tab l ish ing a sus ta inab le  coral popula t ion 

may  be  negl ig ible. In such  a case, major m a n a g e m e n t  

initiatives (passive or Indirect  restora tion) will be  n e e d e d  

be fore  any act ive restora tion shou ld  be  a t tem p ted .  It is 

s o m e w h a t  o f  an art de c id ing  at w ha t  po in t  a long the 

co n t in u u m  b e tw een  th e se  tw o  extremes, ac t ive  restora tion 

Is l ikely to  be  e f fective and w ha t  o ther m a n a g e m e n t  ac t ions  

ne ed  to be  taken be fore  a t tem pt ing  restora tion

To ass is t in th is p r o c e s s  a de c is ion  tree, w h ich  a d d re sse s  

m any  o f  the  key q u es t ions  that shou ld  be  asked, Is sh o w n  

n Figure 6. W e  look at the se  qu e s t io n s  in m o re  detail 

below.

For true restora tion pro jects , the  first ques t ion  (“ Did the  site 

su p p o r t  a coral c o m m u n i ty  prior to d is tu rbance?" )  shou ld  

not need to be  asked, but for s o m e  tour ism  d e ve lo p m e n ts  

w h e re  the re  is a w ish to  c rea te  coral p a tc h e s  in safe  

she lte red  lagoon areas, th is m ay  be  pert inent.  W h a t  corals  

can surv ive w he re  the  resort ow ne r  w an ts  th e m ?  Ultimately 

eco log ica l  cons tra in ts  will de te rm in e  this; not m o n e y  and 

hu m an  w ishes

Even tho ugh  a site m ay  have s u p p o r te d  a healthy coral reef 

c o m m u n i ty  in the  past, water quali ty  may have de te r io ra ted  

and it m ay  n o w  only be  ab le  to  su p p o r t  a fe w  to lerant 

spe c ie s .  If you aim to res tore to  s o m e  m o re  d iverse

Assess recovery 
potential of 

disturbed s ite

Figure 6. A decision tree to

ass is t the  p rocess of decid ing  

w ha t the  natural recovery potentia l 

of a deg raded  site Is and w hat 

passive or active restoration 

m easures m ight be appropria te .

Did the site 
support a coral 

comm unity prior 
to  disturbance?

NO

Carefully consider 
whether 

‘restoration’ 
interventions are 

appropriate

Is water quality at 
site satisfactory?

YES

NO

Is substratum at 
site stable? NO

Take measures to 
improve water 

quality

Take measures 
remove rubble 

stabilise or 
substratum

jres to 
ibble, 
repair 

:um

Is the algae: 
herbivore balance 

conducive to 
coral recovery?

NO

ES

Consider fisheries 
management or 

other interventions 
to improve balance

rei
Is the site 

recruitment 
limited? NO

ES

Natural recovery 
potential is high 

(Is active restoration 
really needed?)

Develop
restoration

strategy



prev ious state, then you need to  im prove  the  water quality 

first by m a n a g e m e n t  m easures .  O the rw ise  act ive  restora tion 

a t tem p ts  are unlikely to be  su cce ss fu l

The next ques t ion  re lates to  whe ther  s o m e  physica l 

resto ration Is n e e d e d  first. If It is, this may be very 

expens ive .  If It ca n n o t  be  a f fo rded but Is necessary ,  then 

a t tem p ts  at act ive  b io logical resto ration are likely to  fail. In 

such  a situation, p e rhap s  part o f  a site can be  res to red  for 

the  fund ing  ava ilable

The next ques t ion  is p e rhap s  the  ha rdes t  to  an swe r  and 

re lates to  the  likely susta inabi l i ty  of  cora ls  that m ay  be 

t ransp lan ted  to  the  site. The aim o f  resto ra tion is to resto re 

a se lf- sus ta in ing  com m un ity .  If the re is insufficient grazing 

clue to overfish ing a n d /o r  loss of inver tebrate  grazers  

th rough  d ise a se  and m a c roa lg ae  are dom inat ing , then there 

is little c h a n c e  of rec ru i tm en t  to  establ ish the  next 

genera t ion. Transp lants may surv ive bu t if the  eco lóg ica  

p r o c e s s e s  w h ich  a l low the m  to p ro d u c e  future genera t ions  

of  yo u n g  cora ls  are co m p ro m is e d ,  the  popu la t ion  is 

u l timately not susta inab le .  W i thou t  s o m e  m a n a g e m e n t  

m e a su re s  to  res to re  eco log ica l  funct ion ing , active 

restoration m ay  be  futile. At p resen t  w e  d o  not kn o w  w ha t  

level of  herb ivory  may be needed ,  but a survey can revea 

w he the r  the re  are m any  herb ivores (e.g., parrotf ish,  

s urgeonfish, rabbitf ish, urchins),  the  p e rc e n ta g e  cover of

m acro -a lgae ,  and w he the r  the re  are any small cora ls  (say 

< 5 cm) present .  For exam ple , if he rb ivores are rare, m a c ro  - 

a lgae are ra m pan t  and there 's  no sign o f  juven i le  corals,  this 

su g g e s ts  that transp lan ta t ion  by itself will ach ie ve  little in the 

long te rm. S o m e  other m a n a g e m e n t  m e asu re s  (e.g., f isheries 

regulation, reduc t ion  of nutr ient inputs) are n e e d e d  first

Finally, c o m e s  the  ques t ion  of w he the r  the  site is “rec ru i tm ent 

l imited", that is, d o e s  it lack an a d e q u a te  supp ly  of cora 

larvae? Even on healthy reefs, s o m e  areas m ay rece ive few  

coral  and  other inver tebrate larvae in the  cur ren ts  and recover 

m u ch  m o re  s low ly f rom d is tu rb a n ce s  than th o se  areas with a 

better supply . In such  cases ,  using t ransp lan ts  to establ ish a 

viable local coral popu la t ion  may greatly acce le ra te  recovery . 

However,  on healthy reefs with a g o o d  natural sup p ly  of 

larvae, (particularly in the  Inclo-Pacific) the re is l ikely to  be little 

eco log ica l  need for act ive  restora tion. D esp i te  this, the re may 

be  other dr ivers push ing  ac t ive restora tion, such  as mitigation 

com p l iance ,  a polit ical ne ed  for a resto ra tion effort to be 

a t te m p te d  (e.g. pub l ic  outcry, concern ,  or ins is tence that an 

env ironm enta l  in justice is cor rec ted) ,  or jus t  hum an 

im pa t ience  with the  rate of natural recovery . In such  cases, 

given the  large costs ,  the  m o n e y  m a d e  available for active 

restora tion cou ld  p robab ly  be  better sp e n t  on prevent ion of 

hum an im pa c ts  or on pass ive  restora tion m e asu re s  

(i.e. better coas ta l  m a nage m en t)

2. Physical restoration

It is som etim es useful to  d istinguish between "physica l 

restora tion", w h ich centres on repairing the reef 

environm ent w ith an engineering focus, and "b io log ica l 

restora tion", w h ich focuses on restoring the biota and 

eco log ica l processes. The form er can be orders of 

m agnitude more expensive than the latter. Corals, giant 

clam s and large sponges can provide both structura l 

and b io tic  com ponents, so the d is tinction  is som etim es 

blurred. For som e im pacts, on ly b io logical restoration 

(either passive or active) may be needed; fo r others, a 

com bination  o f physica l and active b io logical restoration 

may be required. This is som etim es dubbed "dual 

restora tion". W hen planning ecologica l restoration you 

should always consider both com ponents together.

Certain im pacts such as sh ip-g round ings, coral m ining 

and blast fish ing can cause m ajor physical dam age to 

the coral reef fram ew ork or create substantia l areas o f 

unstable coral rubble and sand tha t are unlikely to 

recover even over many decades unless som e physical 

restoration is carried out. M ajor physica l restoration is 

generally a very expensive engineering exercise (costing 

in order o f US$100,000-1 ,000,000's per hectare) tha t 

requires expert advice. For th is reason m ost o f these

guidelines concentra te on bio logical restoration. M inor 

reef repair and em ergency triage is, however, w ith in the 

scope o f com m unity-based projects.

2.1 Triage and repair of damaged reefs

W h e re  a cu te  im pa c ts  have c ra c k e d  coral bou lders ,  

ove r tu rned m ass ive  corals, d is lo d g e d  and f ra gm e n ted  cora 

co lon ies  and  other sessi le  o rgan ism s,  or d e p o s i te d  foreign 

ob je c ts  on the  reef, e m e rg e n c y  tr iage in the  short  term can 

greatly ass is t recovery . This m ay  Involve ce m e n t in g  or 

epoxy ing  large c ra cks  in the  reef f ram ew ork ,  righting and 

reattach ing corals,  s p o n g e s  and other reef o rgan ism s

Thai diver righting an overturned Porites 
colony after the 2004 tsunami.
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or at least stor ing d e ta c h e d  o rgan ism s  in a safe  

en v ironm en t  until they can  be  rea t tached .  Tasks shou ld  be 

pr iorit ised with criteria such  as size, age, di fficulty of 

re p la ce m e n t  and con tr ibu t ion  to  to p o g ra p h ic  diversi ty 

de te rm in ing  w h ich  reef c o m p o n e n ts  rece ive  first aid. Foreign 

ob je c ts  that th reaten Intact areas if m o v e d  a round  by w ave  

ac t ion (e.g. tree trunks) or con ta in  po llu tants (e.g., cars, 

such  as th o s e  d e p o s i te d  on reefs after the  2 0 0 4  tsunami 

disaster)  sho u ld  be  re m o ve d  from the  reef.

Following a sh ip -g ro und in g ,  the  structu ra l integri ty of  the  reef 

f ra m ew ork  is often under threat -  with large craters, g o u g e s  

and f rac tures  of the  reef l imestone, w h ich  are likely to 

exp a n d  in the  event of  s to rm s. Physical res to ration is called 

for under th e se  c i rcu m s ta n ce s ,  and it Is essent ia l  to  seek 

expert  adv ice . W h e re  the re is major loss of to p o g ra p h ic  

complex ity ,  then the re m ay  be  a risk that un less this 

com p lex i ty  is res to red  the  area will recover to s o m e  

alternat ive state. To res tore to p o g ra p h ic  complex ity , major 

phys ica l  res to ration is l ikely to be  ne ed e d ;  again, expert  

ad v ice  sho u ld  be  sou gh t

U ns tab le  rubb le  fields, un less  very small, are unlikely to 

s h o w  recovery  for m any  d e c a d e s ,  with any cora ls  sett l ing 

on the m  be ing overturned, ab raded ,  sm o the red ,  or buried 

Survival is very low and such  m ob i le  rubb le  areas have 

been cal led “kil ling fie lds" for corals . Further, rubb le  and 

s e d im e n t  pa tch e s  c rea ted  by d is tu rb a n ce s  may be  sp read  

ac ro ss  the  reef dur ing s to rm s  and c a u se  d a m a g e  to 

ne ighbour ing  u n im p a c te d  areas. The rubb le  can either be 

re m o ve d  or stabi lised. Stabil is ing rubb le  fields in high energy 

e n v ironm en ts  is bo th  exp ens ive  and difficult. Partial s u c c e s s  

has been ach ieved  us ing flex ible c o n c re te  mats, or by 

pour ing  c o n c re te  on to  the  rubble, but at great e x p e n s e  and 

with e v ide nce  of  scou r  and underm in ing  fo l low ing s to rm s  

S uch  w ork  sho u ld  be  co n s id e re d  as major physica l 

resto ration and expert  eng ineering ad v ice  shou ld  be so u g h t

In s o m e w h a t  less e x p o s e d  si tuations, prom is ing  resul ts 

have been ach ieved  (and for lower cost)  by cover ing  loose

rubb le  with p a tc h e s  o f  large l im es tone boulders .  Boulde rs  

sho u ld  be  of  suff ic ient size to  remain s tab le  in the 

env ironm enta l  sett ing, even during s to rm s. Im pac t-re la ted  

fine se d im e n t  lying on reef su r faces  may inhibit cora 

se t t lem en t  and impair coral g row th  and  shou ld  be  re m oved  

if natural  p r o c e s s e s  do  not d o  the  jo b .  If san d  has buried 

a reas of  coral  and  other reef biota dur ing a d is tu rbance, 

then it will need to be  re m o ve d  within severa l clays if the re  is 

to  be m u ch  c h a n c e  o f  the  bur ied o rgan ism s  surviving 

R ubb le  fields in low energy  e n v ironm en ts  (e.g., lagoons  or 

d e e p e r  water) m ay  be  suff ic ient ly s tab le  to  be  reco lon ised  

by cora ls  and other sessi le  biota and may be  c on so l ida te d  

over t im e  by sp o n g e s ,  corall ine a lgae and other o rgan ism s  

w h ich  bind rubb le  f ra gm e n ts  together.

It shou ld  be  re m e m b e re d  that coral reefs  are a p a tch w o rk  of 

hab ita ts  w h ich  may inc lude sand  areas, rubb le  areas, 

corall ine algal reef, m acroa lga l  d o m in a te d  areas, gorgon iae  

plain as well as areas with high live coral cover.  If sand  and 

rubb le  p a tc h e s  c rea ted  by an im p a c t  are not threaten ing 

healthy coral on ad ja cen t  a reas and substant ia l  fund ing  for 

phys ica l restora t ion is not available then leaving them  alone 

and con cen tra t ing  efforts e lsew h e re  is l ikely to be  the  better 

use  of l imi ted fun ds

Before bio logical restora tion is a t tem pted ,  the  need for 

phys ica l restora t ion sho u ld  be  a s s e s s e d  (see sec t ion  1.6)

If major physica l resto ra tion is n e e d e d  at a site but funds  

are not available, then a t tem p ts  at bio logical resto ra tion of 

the  site are likely to be  un su cce ss fu l

Tree trunk swept onto a Thai reef by 
the 2004 tsunami.

Acropora colony damaged by debris 
swept onto a reef in Thailand by the 
2004 tsunami.
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Physical restoration o f reefs is likely to  cos t US$100,000-1 ,000,000 's per hectare.

M ajor physical restoration is fo r experts only. Seek expert civil engineering advice.

Som e physica l restoration may be a prerequisite fo r any chance o f successfu l 

b io logical restoration.

Rapid triage o f a reef after a d is tu rbance can be very cost-e ffec tive  and can be carried 

out by any com peten t divers under inform ed supervision.

Large lim estone boulders can provide an effective and relatively lo w -cos t way o f restoring 

stab ility  and topograph ic  com p lex ity  to  rubble fie lds in less exposed environm ents.



2.2 Artificial reef creation

With in the  s c o p e  of  phys ica l  resto ra tion is the  use of artificia 

reefs, w h ich  m ay range  from l im es tone  boulders,  to 

d e s ig n e d  c o n c re te  (e.g., ReefBalls™) or ce ra m ic  (e.g. 

E coR ee fs™ ) m odu les ,  to  minerals  (b ruc ite  and aragonite) 

electro ly tically d e p o s i te d  on s h a p e d  wire m e sh  tem p la te s  

(e.g. B ioR ock™ ).  Use of such  s t ruc tu res  in resto ra tion 

p ro jec ts  sho u ld  be  co n s id e re d  careful ly  and critically. There 

is a c langer that in troduc ing  artificial sub s tra te  b e c o m e s  a 

d is p la c e m e n t  activity, w h ich  avo ids  the  real issue of 

m anag in g  natural reefs, whi ls t sug ges t ing  that usefu l action 

is be ing taken in a res toration a t tem pt .  U se  in s o m e  

coun tr ies  of artificial reefs as fish ag gregat ion  d e v ice s  (FADs) 

to c rea te  m a n a g e d  “fishing reefs", fo l low ing a failure to 

m a n a g e  g ross  overfish ing on natural  reefs is an exa m p le  

There  is also the  ques t ion  of  relative sca les .  There are 

es t im a ted  to  be  in ex c e s s  of  5 0 0 ,0 0 0  “reef balls" of varying 

size de p lo ye d  w o r ldw ide .  T h ese  will p rov ide  at m o s t  a 

c o u p le  of s qu a re  k i lometres  of topograph ica l ly  co m p le x  

subs tra ta  at a co s t  o f  U S $ ten s  of mi ll ions. There are an 

es t im a ted  3 0 0 ,0 0 0  kme of sha l low  coral reefs in the  wor ld  so 

the re is p lenty  of reef sub s tra te  available. The main 

p rob lem  is that m u ch  of it is poor ly  m a n a g e d  or d e g ra d e d

Bearing th e se  cavea ts  in minei, the re are clearly spec ia l 

instances w he re  artificial reefs have a useful role in 

resto ra tion. In t roducing artificial reef s t ruc tu res  p rov ides  

(1) an instant inc rease in to p o g ra p h ic  complexity ,  (2) s tab le 

sub s tra te  for coral and  other inver tebrate se t t lem en t  (or for 

coral transplanta tion),  (3) hard s t ruc tu res  that d is cou rag e  

var ious fo rm s  of net ba se d  fishing (including trawling and 

se ine  net fishing) wh ich  c a u s e  reef d a m age ,  (4) alternat ive 

d ive s i tes for S C U B A  clivers in areas with high div ing 

p ressu re  on the  natural  reefs, and  (5) they are likely to at tract 

fish. This a s s u m e s  that the  artificial s t ruc tu res  are wel l- 

c o n s t ru c te d  and d e p lo y e d  so  that they  remain s tab le  in 

stormi cond i t ions .  For restora tion, the  ae s the t ics  and 

“natural  look" of the  artificial s tructures, bo th  initially and  after 

co lon isa t ion  by cora ls  and other reef o rgan ism s,  ne e d s  to be 

con s id e re d .  The var ious trade  m arked  sys te m s  listed above  

all c la im s o m e  level of ae s the t ics  and  natura lness, and

m a nage rs  in tend ing to util ise such  s t ruc tu res  can j u d g e  for 

th e m se lve s  via the  w e b s i te s  of the  c o m p a n ie s  involved 

Use of ty re s 1 a nd  other m a n -m a d e  ju n k  for artificial reef 

c reation for resto ra tion is not r e c o m m e n d e d  for bo th 

s tructu ra l and  aes the t ic  reasons

Potentia l ro les for artificial reefs  in reef resto ration are

1. Stabil is ing and  restor ing to p o g ra p h ic  com p lex i ty  to 

d e g ra d e d  rubb le  areas such  as th o s e  p ro d u c e d  by 

blast fishing and thu s  bringing b a ck  fish and cora ls  to 

areas with little c h a n c e  of recovery.

2. Tourism or marine park e d uca t ion  and pub l ic  

aw areness ,  w he re  easy and safe  a c c e s s  to bits o f  “reef" 

habita t are required. Several resor ts  a round  the  world 

have util ised artificial s t ruc tu res  as p la t fo rm s for cora 

transp lan ta t ion  in this way.

3. R edu c ing  diver  p ressu re  on natural  reefs  in areas with 

large n u m b e rs  of tourist clivers. A  few  resorts  have 

c re a ted  artificial reefs  att ractive to  clivers with a v iew to 

focu s ing  early d ives by t ra inees with poor b u o ya n cy  

con tro l  on th e se  s t ruc tu res  and re duc ing  overall diving 

p ressu re  on natural reefs  (by p e rhap s  1 0 %  if each  diver 

visits the  site at least o n c e  in a one  w e e k  vacation)

A pp rop r ia te  (specially d e s ig n e d  for soa de fence ) artificia 

reef m o d u le s  may also be  useful w h e re  soa d e fe n c e  

se rv ices  of reef flats are be ing lost. S uch  se rv ices  m ay  cos t  

from US$1 million - 1 0  million per k i lometre  to  rep lace  

d e p e n d in g  on the  shorel ine

The s tandard  and  regular artificial su r faces  p rov ided  by 

s o m e  artificial reef m o d u le s  are also used  by b io logis ts  

carry ing ou t restora tion research  as a w ay  of  s tandard is ing  

their exper im en ts .  This d o e s  not m ean that they are 

en dors ing  the m  for use in real restora tion pro jects.  B ew are  

also that a l though in s o m e  p laces  a lm os t  any artificia 

sub s tra te  (concrete ,  PVC, tyro, or ship) will be  rapidly 

co lon ised  by corals, in other p laces, artificial reef s t ruc tu res  

m ay  remain s tubborn ly  devo id  of  coral recru its  and  serve 

little p u rp o se

Message Board
There are at least 300,000 km 2 o f coral reefs in the world . Lack o f hard substra te  is 

not a critica l issue. M anagem ent o f degradation o f natural reefs is the critica l issue.

Use o f artific ia l reefs in restoration needs to  be considered carefu lly and critica lly  in term s 

o f need, cost-e ffectiveness and aesthetics.

Artific ia l reefs, if w e ll-designed and constructed, can provide (1) an instant increase in 

topograph ic  com plexity, (2) stab le  substra te  fo r coral se ttlem ent or transp lantation, (3) fish 

aggregation, (4) sea-defence services, (5) hard structures to  d iscourage net-based fishing 

(trawling, seining) in coral areas, (6) d ive sites to reduce diver im pacts on natural reefs in 

areas w ith  high concen tra tions o f diving tourists.

1 Tires (/A A.)
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3. Biological restoration

Bio logica l restoration should always be considered in 

the con text o f the overall environm ent o f the s ite being 

restored, both the physica l and b io tic  environm ent and 

the human and m anagem ent environm ent. As noted in 

section 1.3, "E co log ica l restoration is the process of 

assisting the recovery o f an ecosystem  tha t has been 

degraded, dam aged, or destroyed ." This assistance 

may be in the form  o f ind irect m anagem ent measures 

tha t rem ove im ped im ents to  natural recovery, or direct, 

active b io logical restoration such as transp lantation o f 

cora ls and other organism s. Examples o f the form er 

would be m anagem ent actions to  reduce fishing 

pressure, sed im ent run -o ff or sew age discharges. Thus 

passive b io logical restoration may be realised through a 

range o f coastal m anagem ent actions tha t reduce 

anthropogen ic pressures on coral reef system s.

The m ost frequent active restoration intervention is to 

transp lant cora ls (and o ther biota) to a degraded site. It 

is very im portan t to  m inim ise any dam age to healthy (or

less degraded) "d on or" reef areas from  where 

transp lants may be obtained, and to m axim ise the 

survival o f the transp lants on the reef being restored. 

Ultimately, a restoration pro ject w ill on ly be successful 

in the long term  if a se lf-susta in ing and function ing 

coral reef com m unity  is established.

The fo llow ing sections look at aspects o f active 

bio logical restoration and discuss m ajor issues. Given 

the prevalence o f coral transp lantation in restoration 

pro jects, we devote m ost o f the d iscussion to  this 

activity. There are now a range o f op tions tha t show  

prom ise in a llow ing practitioners to  m inim ise the 

collateral dam age involved in sourcing transp lants and 

m axim ise the effectiveness o f the coral m aterial used. 

These range from  care in how transp lants are sourced 

to  sexual and asexual propagation o f cora ls in either ex 

s itu  (in aquaria) or in s itu  (in the sea) culture (Figure 7). 

These op tions fo r managers are discussed m ore fu lly 

below.

â  M È È Ë  M l
Ex situ  culture In situ nursery

m S  S f l *

Collection from reef Transplantation to
degraded reef

Figure 7. Direct versus indirect propagation of corals. The ch ea p e s t route is to  co llec t corals d irectly from  the  reef and 

transp lan t to the  deg raded  area. However, to obta in  good  survival, individual transp lan ts need to be quite  large (say, > 5 -1 0  crn)

Smaller fragm ents (say, 2 -3  crn) can be successfu lly  cu ltured  in the  sea in m id-w a te r or benth ic  nurseries until large enough  to  survive 

well. This has ousts  but m akes better use of coral material. Very small fragm en ts  do not survive well in in -s itu  cu lture but can survive 

and gnaw in ex situ  cu lture. Thus for even greater oas t and a longer tw o -s ta g e  cu lture  p rocess, there is the  potentia l to  create  tens of 

thousands of small co lon ies from  sim ilar num bers of tiny fragm ents (say, 10  m m  In size). The longer the  period In cu lture the greater the 

co s t of p roduc ing  each transplant. Ex situ  cu lture  has m uch  higher set up oasts  than in s itu  cu lture. P lankton ic coral larvae can also be 

cu ltured, se ttled  onto p ieces of substra te , and grow n up In rn id -w ater cages, for 6-1 2 m onths until large enough  to  have a reasonable  

ch an ce  of surviving on the  reef.



3.1 Why focus on corals?

A  cri tic ism s o m e t im e s  levelled at coral  reef restora tion 

p ro jec ts  is their fo c u s  on corals . The cr i tics m a ke  the  valid 

po in t  that t ransp lan t ing cora ls  and ignoring the  d iverse  other 

major g ro u p s  of l iving o rgan ism s,  d o e s  not res tore the 

c o m p le x  reef ec o s y s te m .  However,  as d is c u s s e d  in sect ion 

1.3, the  restora tion practi t ioner is not try ing to rebui ld  an 

e c o s y s te m  p ie ce  by p iece, but is a t tem pt ing  to  assist 

natural  recovery  p ro ce sse s .  At present ,  the  structure , 

asse m b ly  rules and func t ion ing  of  reef e c o s y s te m s  are too  

poorly  u n d e rs to o d  for restora tion to a t te m p t  anyth ing m ore  

am bit ious . Also, restora tion is exp ens ive  and re sou rce s  

m u s t  be  fo c u s e d  w he re  n e e d e d  m os t

Cora ls  are keys to ne  sp e c ie s  o f  the  reef e c o s y s te m  in the  

s a m e  w ay  that t rees are keys to ne  sp e c ie s  of forest 

e c o s y s te m s .  Cora ls  ap pea r  to  be  essentia l  to  reef 

resto ration ju s t  as t rees are essentia l  to  re fo resta tion. They 

are also particular ly at risk from a range of im pa c ts  (sect ion 

1.2), In part b e c a u s e  of their In timate sym b io s is  with 

zooxanthe l lae  w h ich  m a kes  them  sensit ive  to  small rises in 

sea w a te r  te m pe ra tu re  ab o ve  normal yearly  max im a

• Cora ls  p rov ide  the  major cons truc t iona l  and  accre t ing  

e lem en t  for the  s e a -d e fe n c e  serv ice  p rov ided  by reefs

• Cora ls  p rov ide  structura l com p lex i ty  (usually corre la ted 

with biod iversi ty) and  shelter for bo th  fishes and 

inver tebrates

• Cora l habita ts  p rov ide  shelter for he rb ivores  w h ich  can 

he lp  con tro l  algal ove rg row th

• hiving cora ls  are att ractive and  representa t ive  o f  healthy 

reefs  in the  m ind s  of tour is ts

W h e n  cora ls  are lost then fish biod ivers i ty  and a b u n d a n c e  

m ay dec l ine  too, along with revenues  from both  div ing 

tour is ts  and  fishing. If a sus ta inab le  coral popu la t ion  and 

s o m e  structura l com p lex i ty  can be  esta b l ished , then it is 

m o re  likely that o ther e lem en ts  of the  sys tem  will 

re -es tab l ish naturally, along with func t ion ing  and  fe e d b a c k s  

M o s t  t ransp lan ta t ion s tud ies  have fo c u s e d  on s tony  corals  

with sym b io t ic  a lgae w h ich  are the  main reef bu ilders 

(zooxanthel la te  sc leractin ian corals), bu t other hard corals  

such  as the  b lue coral Heliopora, o rg a n -p ip e  coral  Tubipora 

(related to soft  cora ls  in the  s u b c la s s  Octocora ll ia) , and  fire 

coral Millepora  (c lass Hydrozoa) can be  importan t in certa in 

habita ts  and can be  succe ss fu l ly  t ransp lan ted

O ther c o m p o n e n ts  o f  the  reef e c o s y s te m  sho u ld  not be 

igno red  in restora tion. On the  contrary, sof t  corals,  spo nges ,  

giant d a m s ,  Trochus shells and urch ins  a m o n g  other 

g ro u p s  have fea tu red  s trong ly  in bo th  cu l tu re  and 

transp lan ta t ion pro jec ts .  Soft corals,  s p o n g e s  and giant 

c la m s  can all p rov ide  to p o g ra p h ic  com p lex i ty  and 

individuals or indiv idual co lon ies  m ay  be  d e c a d e s  old. In 

resto ration p ro jec ts  such  as sh lp -g rounc l lngs  they shou ld  be 

rescued ,  and re a t tached  if necessary .  Grazing urch ins  such

as Diadema  and  snails  such  as Trochus m ay  have a role in 

ass is t ing recovery  of herbivory p r o c e s s e s  in areas where  

fish he rb ivores are rare clue to overf ishing

/4 beautiful and topographically diverse reef in the Similan Islands, Thailand 
with huge Porites colonies providing shelter for fishes and invertebrates.

3.2 Sourcing coral transplants

To obta in  a t ransp lan t you have to  re m o ve  s o m e  coral  from 

a reef (unless y ou 've  g row n  the  coral f rom scra tch).  Thus, 

for every asexual ly  p ro d u c e d  transplant,  the re  is s o m e  

collateral d a m a g e .  You can m inim ize this d a m a g e  in a 

nu m b e r  of ways. The first rule is to  m a ke  the  be s t  use of 

the  live coral materia l available to  you. Note  that loca 

legislat ion may require that you obta in  a perm it  be fo re  you 

can s o u rc e  t ransp lan ts  or indeed in t roduce  the m  to  a 

d e g ra d e d  area

In s o m e  ca s e s  w he re  d a m a g e  is be ing repaired immedia te ly  

after an im pa c t  such  as a sh ip  g round ing ,  the re may be 

w ho le  coral co lon ies  w h ich  have been d e ta c h e d  and wh ich  

can have their surv ivorsh ip  e n h a n c e d  by be ing  rea t tached  in 

situ  as w ho le  co lon ies .  This is m o re  physica l restora tion 

than bio logical as no ne w  living materia l is be ing in t roduced  

In c a s e s  w he re  a reef is th rea te ned  by “rec lamation"  or a 

high im pa c t  industrial  d e v e lo p m e n t  (e.g. a po w e r  plant), 

w ho le  a reas of reef may be  t ransp lan ted  and  w ho le  

co lon ies  t rans loca ted  to a re fuge site. However,  th is use  of 

w ho le  co lon ies  te n d s  to be  the  excep t ion .  Given the 

increased likelihood of  morta li ty from transplanta tion, if w ho le  

co lon ies  are used  the re  is l ikely to  be  a net loss of  coral  

A l though  w ho le  co lon ies  are tho u g h t  to  be  less susce p t ib le  

to  t ransp lan ta t ion stress  than f ragm ents ,  for s o m e  sensit ive 

s p e c ie s  5 0 %  of co lon ies  t ransp lan ted  have d ied  within tw o  

years . Thus, even in such  cases ,  s o m e  f ragm enta t ion  of  

co lon ies  be ing t ra ns loca ted  m ay be  advisable, in an a t tem p t 

to  ba lance  likely losses. Even in the  s a m e  spec ies ,  di fferent 

g e n o ty p e s  can s h o w  dif fering suscept ib i l i ty  to 

t ransp lan ta t ion stress

Normally coral t ransp lan ts  will be  so u rc e d  as fra gm e n ts  

Small  f ra gm e n ts  may then be  reared for a per iod of  t im e  in 

nurser ies (see sec t ion  3.3) w he re  they  can be  g row n  into 

small co lon ies  w h ich  are then transp lan ted , bu t they m us t  

or iginally be  so u rc e d  from s o m e w h e re

On m o s t  reefs  on e  can  find coral  f ra gm e n ts  (often b roken -  

of f b ranches)  w h ich  have been b e c o m e  d e ta c h e d  and
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which, apart  from sp e c ie s  that naturally re p ro d u c e  by 

fragmentat ion, ten d  to  have a low  c h a n c e  of survival  un less 

they  can be  rea t tached .  Often parts of th e se  f ra gm e n ts  may 

a lready be  d e a d  or dying. S uch  coral  f ra gm e n ts  have been 

cal led “cora ls  of opportun i ty "  and  rep resen t  a genera l ly non- 

con trovers la l  so u rce  of  transp lan ts .  The logic be ing that m os t  

w o u ld  die an yw a y  if not util ised for transp lan ta t ion  (except in 

th o s e  sp e c ie s  w h ich  naturally r e p ro d u c e  by fragmentat ion) 

Even partly d e a d  b ranch  f ra gm e n ts  have been sho w n ,  o n c e  

the  d e a d  and dy ing parts  have been cu t  aw ay  with pliers, to 

prov ide  healthy t ransp lan ts  with g o o d  survival. B ranch ing 

sp e c ie s  ten d  to  supp ly  m o s t  “cora ls  of  opportun i ty " ,  with 

m o re  fragile sp e c ie s  prov id ing m ore  f ragm ents ,  and  more  

ro bus t  sp e c ie s  prov id ing less fragm ents .  Thus  the se  “corals  

of  opportun i ty "  may not p rov ide  a c ro ss -se c t io n  of  the  

c o m m o n  s p e c ie s  and o ther so u rc e s  m ay also be n e e d e d

If intact do no r  co lon ies  are used  as a so u rce  of  f ra gm e n ts  

for ei ther d irect t ransp lan tat ion or a per iod of cu l tu re  fo l low ed 

by transp lan tat ion, then the  limi ted research  su g g e s ts  that 

only a small part of  the  co lony  (less than c . 10%) shou ld  be 

exc ised  in order to m in im ise  s tress  to  the  do no r  co lony. Until 

m o re  research is c lone and w e  have a better unders tand ing  

of  the  im pa c t  of prun ing coral co lon ies,  w e  s u g g e s t  that it is 

be s t  to app ly  the  p recau t iona ry  pr inc ip le and not exc ise  

m o re  than 1 0 %  of do n o r  co lon ies .  For m ass ive  coral 

co lon ies  it w o u ld  ap pea r  bes t  to  re m o ve  f ra gm e n ts  from the 

e d g e  of the  colony.

Good Practice Checklist

r
/
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Check local legislation to ascerta in whether 

you require a perm it before you can co llec t 

transp lants or indeed in troduce them  to  a 

degraded area.

Source transp lants from  areas as sim ilar 

as possib le  to  the s ite tha t is to  be restored 

(same depth, sam e exposure, sam e 

sed im entation regime, sam e salinity, sam e 

substra te, sam e range o f w a te r tem perature)

Carefully consider how to  m ake the best 

use o f the coral transp lant source material 

available to  you.

Try to  use "cora ls  o f opportun ity", tha t is, 

naturally generated fragm ents on the reef 

tha t have a poor chance o f survival unless 

reattached.

If in tact donor coral colon ies are used to 

source transplants, then try  to  use not 

more than 10%  o f the donor coral to 

m inim ise stress.

Do not core massive colon ies to obtain 

transp lants but take fragm ents from  

around the edge o f colonies.

3.3 Coral culture

M e th o d s  for both  asexual  and  sexual p ropaga t ion  of large 

nu m b e rs  of cora ls  have n o w  been success fu l ly  

d e m o n s t ra te d .  As will be  seen from the  d is cu ss io n s  be low, 

the  main sc ient if ic  un kn o w n  Is w he the r  the  cu l tu red  corals  

can  be  succe ss fu l ly  d e p lo y e d  on d e g ra d e d  reefs and  will 

surv ive wel l there. The c h e a p e s t  op t ion  for t ransp lan tat ion Is 

to  t ransp lan t directly; cu ltu re m ay  m a ke  better use of cora 

materia l bu t It d o e s  so  at a financial cos t .  The m ore  

sop h is t ica ted  the  cul ture, the  greate r the  cos ts ;  also, the 

longer the  t im e In culture, the  greate r the  c o s ts  (Figure 7) 

Reef resto ra tion Is a lready exp ens ive  c o m p a re d  to sea g rass  

or m a n g ro ve  restora tion. Thus  the  dr ive Is to w a rd s  low -co s t  

m e thod s ,  and max im is ing  the  ef f ic iency and  cos t -  

e f fec t lveness  of  coral cu l tu re  Is a key cha l lenge . Ex situ 

cu l tu re  In aquaria Is genera l ly m o re  exp ens ive  than in situ 

cu l tu re  In the  sea In either m id -w a te r  or ben th lc  nurseries 

However,  surv ivo rsh ip  of very early s tag es  or very smal 

t ransp lan ts  (e.g. nu b b in s  of < 5 - 1 0  m m  diameter) Is 

genera l ly  only sa t is fac to ry  In ex situ aquaria. There  are thus  

a range of  t rade-o f fs  b e tw een  survival, type  o f  cul ture, and 

cos ts ,  wh ich  are as yet not well  quant i f ied

3.3.1 Asexual propagation of corals

Cora ls  can be  g row n  asexual ly from f ra gm e n ts  (known as 

ram ets  w hen  derived from the  s a m e  co lon y  (clones), and 

w h e n  very small, of ten cal led “nubbins") and  this Is the  m os t  

c o m m o n  form of cul tu re. Co lon ies  have even been g row n 

experimenta l ly  from single exc ised  po lyps  In ex situ  cu ltu re  

However,  for m o s t  p ro jec ts  larger f ra gm e n ts  (3 -10  cm  In 

size) are m ore  likely to be  used  as th e se  can be  cu l tu red  in 

situ  In ben th lc  or m id -w a te r  nurser ies at reasona b le  cos t  

The tech n o lo g ie s  Involved are within the  reach of  smal 

c o m m u n i ty -b a s e d  pro jec ts  that have a c c e s s  to  sc ient if ic  

ad v ice  and have been used  succe ss fu l ly  by such  pro jec ts  

The a lms of  asexual cu ltu re  are: 1) to m ax im ise  benefi ts  

f rom a g iven a m o u n t  of s o u rc e  materia l and  thu s  m in im ise 

d a m a g e  to do no r  areas, 2) to g ro w  f ra gm e n ts  Into small 

co lon ies  w h ich  shou ld  surv ive better than the  fra gm e n ts  

w o u ld  have clone If ju s t  t ransp lan ted  directly to the  reef, 

and  3) to have ba nks  of  small cora ls  readi ly available for 

t ransp lan t In the  even t  of an Im pac t  such  as a 

sh ip -g ro und in g .

In situ culture o f Acropora muricata nubbins in a shallow water nursery in 
Philippines



The potentia l  benef i ts  of  nursery cu l tu re  are that h u nd re ds  

of  small co lon ies  m ay  be  p ro d u c e d  from f ra gm e nts  of  a 

s ingle colony. The c o s ts  are th o s e  involved in sett ing up  the 

nursery areas, co l lec t ing  the  fragments ,  a t tach ing  the se  to 

s o m e  sub s tra te  and then looking after the m  until d e e m e d  

ready  for t ransp lan tat ion. This husbandry ,  w h ich  m ay Involve 

rem ov ing  a lgae and other fouling o rgan ism s  that th reaten to 

o ve rg ro w  the  cu l tu red  f ragm ents ,  or rem ov ing  predators  

such  as the  cora l-ea t ing  snail Drupella, can be  qu ite  t ime 

c o n su m in g .  The smaller the  f ragm ents ,  the  longer they are 

likely to  ne ed  cultu r ing be fore  they  can be  t ransp lan ted  and 

the  m o re  benign the  nursery env ironm ent will ne ed  to  be  if 

the re is to be  g o o d  survival. For b ranch ing  spec ies ,  

“nubb ins"  of  a b o u t  3 cm  in size m ay  require 9 - 1 2  m o n th s  to 

de ve lo p  into substant ia l  f is t-s ized co lon ies .  As yet, too  little 

is kno w n  a b ou t  the  trade-o f fs  b e tw een  size and survival 

(see sec t ion  3.6) to  kno w  h o w  long to  culture. This is l ikely 

to  vary b e tw een  sp e c ie s  and  also d e p e n d  on the  s ta te of 

the  d e g ra d e d  site

Trays o f coral nubbins being cultured in a mid-water coral nursery

In the  s a m e  w ay  that the  do no r  site sho u ld  m a tch  the 

t ransp lan t site with re spec t  to env ironm enta l  cond i t ions ,  so 

the  in te rmed ia te  nursery site shou ld  be as similar as 

poss ib le  to  the  do n o r  and t ransp lan t s i tes in te rm s  of 

cond i t ions .  E xper ience  s h o w s  that If the  nursery site 

e nv ironm ent  differs signif icantly from that of  the  s o u rc e  site 

for the  cu ltu re  material, you may ge t poor survival  in cultu re 

The exce p t ion  ap pe a rs  to  be  that if the  nursery cond i t ions  

are better (e.g., less sed im en ta t ion ,  better water clarity, etc. ) 

than th o s e  of  the  s o u rc e  site then the  cora ls  may thr ive in 

nursery cul tu re. However,  it is unclear w ha t  h a p p e n s  w hen  

the se  cu l tu red  co lon ies  are re tu rned to  a harsher 

env ironm ent  on a d e g ra d e d  reef. Nursery  s i tes require  

shelter from s trong currents,  s u rge  and  w a ve  action -  

con d i t ions  that are typica l on coral reefs  -  thu s  the  nursery 

site is often re m o ve d  from the  coral reef site itself but m us t 

still have su i tab le  con d i t ions  for coral survival  and  g row th

Produc ing  h u n d re d s  of c lone d  co lon ies  from a s ing le  co lony  

can be  very useful for exper imenta l  w ork  but for actual 

resto ra tion p ro jec ts  the  ge ne t ic  d iversi ty of the  nursery 

ne e d s  to be con s id e re d .  S ourc ing  the  f ra gm e n ts  to be 

cu l tu red  from “cora ls  o f  opportun i ty "  (i.e. loose  coral 

f ra gm e n ts  lying a round  on the  reef) or taking 1 0 %  or less of 

co lony  m a ss  from a variety of ap prop r ia te  do n o r  co lon ies

is one  w ay  of  ensur ing  reasona b le  ge ne t ic  diversi ty a m o n g  

the  p rospec t ive  transp lan ts .  S hou ld  it b e c o m e  po ss ib le  to 

Identify b leach ing  res is tant or o th e rw ise  to lerant ge no types ,  

then asexual cu l tu re  p resen ts  a p rom is ing  w ay  of 

p ropaga t ing  large n u m b e rs  of the se  strains

Acropora 
nubbins which 
have grown into 
small colonies in

J  Jt, -, dtm Jr 1

a mid-water 
coral nursery
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To da te  the re  are severa l e xa m p le s  of bo th  m id -w a te r  and 

ben th ic  nurser ies w he re  asexual cu ltu re  of m any  th o u s a n d s  

of small co lon ies  has been  ach ie ved  with genera l ly g o o d  

survival  (often 9 0 %  p lus over 6 months) .  A s  such ,  asexual  

cu ltu re  of  cora ls  ap pe a rs  to have great potentia l  in reef 

resto ra tion in an a n a logo us  w ay  to h o w  si lv icul ture in land- 

ba se d  nurser ies s u p p o r ts  re fo resta tion p ro jec ts  on land 

However,  the  next step, w h ich  is the  succe ss fu l  

t ransp lan tat ion of  nu rsery - rea red  co lon ies  to d e g ra d e d  reef 

areas and their long- te rm  survival  there, has yet to  be 

d e m o n s t ra te d  on a large sca le  (0 .1 -1 .0  ha) and is the  

sub je c t  of con s id e ra b le  o n go ing  research

Est imates from in situ  m id -w a te r  and be n th ic  nursery cultu re  

s u g g e s t  that in the  order of  5 - 1 0  t ransp lan ts  can be  reared 

per US dollar. At a s pa c in g  o f  0 .5  mi on a d e g ra d e d  reef this 

w ou ld  s u g g e s t  cu l tu re  co s ts  a lone of U S $ 4 ,0 0 0 - 8 , 0 0 0  per 

hec ta re  (for the  4 0 ,0 0 0  t ransp lan ts /ha  that w ou ld  be 

needed )

3.3.2 Sexual propagation of corals for seeding reefs

Tracking a coral spawning slick with Rearing o f a coral spawning slick 
a drogue. (embryos and planular larvae) in a

floating pond.

Cora ls  r e p ro d u c e  sexually either by b ro a d ca s t  sp a w n in g  or 

by internal b rood in g  of planular larvae fo l low ed  by 

“planulation" (release of p ianulae into the  su r round ing  s e a ­

water).  Cora ls  often p ro d u c e  very large n u m b e rs  of eg gs  

a n d /o r  larvae. In nature the  vast majority of  th e se  d o  not 

survive, however  if larvae p ro d u c e d  by pianulatlng or 

b ro a d ca s t  s p a w n in g  cora ls  can be  co l lec ted  and artificially 

reared, morta li ty ra tes can  be  dramat ica l ly  low ered and the 

larvae can  be a potentia lly  valuab le  so u rce  of cora ls  for reef 

resto ra tion pro jects .  Sexual p ropaga t ion  of cora ls  has tw o
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main a d van ta ges  over asexual p ropaga t ion  te ch n iq u e s  

Firstly, the re Is less need  to  f ra gm e n t  do n o r  co lon ies ,  thus 

reduc ing  collateral d a m a g e  to s o u rc e  reefs; secondly,  

sexually p ro d u c e d  coral co lon ies  are not c lona l and 

the re fo re  have con s id e ra b ly  greate r gene t ic  diversity. This 

m e th o d  may require a fe w  co lon ies  or large f ra gm e n ts  to be 

re m o ve d  from the  reef and b rough t  In to aquar ium  tanks  to 

spa w n .  A l though  co lon ies  can be  re p laced  on the  reef 

fo l low ing spa w n ing ,  the  stress  of  removal and  s u b s e q u e n t  

t ransp lan tat ion m ay  occas iona l ly  c a u s e  the  co lony  to  clio

The larvae p ro d u c e d  by planulatlng or b ro a d ca s t  sp a w n in g  

cora ls  can  be co l lec te d  and reared for varying pe r iods  of 

t im e be fore  ei ther settl ing the m  directly on to  the  reef or 

sett l ing the m  on su b s tra te s  In aquaria. O n c e  sett led In 

aquaria , the  tiny cora ls  can be  g row n  until o f suff ic ient size 

to be  better ab le  to surv ive t ransp lan tat ion to the  reef. The 

m e th o d s  are still be ing tes ted  by sc ien t is ts  and these  

te ch n o lo g ie s  require m o re  techn ica l  expert ise  to  app ly  them  

succe ss fu l ly  than the  m ore  w ide ly  app l ied  asexual  cultu re 

and transp lan tat ion m e th o d s  ab ove

Montastraea colony in the process Simple and inexpensive floating
o f spawning in Philippines. ponds can provide a means for

controlled culture o f coral spawn in 
remote areas.

A l though s o m e  plan ulatlng cora ls  may p ro d u c e  planular 

larvae on a month ly  basis, m any  b ro a d ca s t  sp a w n e rs  may 

re lease e g g s  and  spe rm  only o n c e  or tw ice  a year. The 

b ro a d ca s t  sp a w n in g  Is genera l ly synch ron ise d ,  with ma ture 

co lon ies  of  a sp e c ie s  ten d ing  to  re lease g a m e te s  on the 

s a m e  fe w  nights. Th is leads to m a ss  sp a w n in g  events  

w hen  m any  sp e c ie s  sp a w n  at a round  the  s a m e  t ime 

p rod u c in g  large sl icks of  coral larvae. B roa dcas t  spa w n ing  

Is the  m o s t  c o m m o n  m o d e  of coral  rep rod uc t ion  and the 

timing of major sp a w n in g  even ts  Is re asonab ly  p red ic tab le  

for given locat ions. But this d o e s  m ean that s o m e  

k n o w le d g e  of  the  rep rod uc t ive  pa tte rns  of the  local cora 

a sse m b la g e s  Is requ ired and  that for m o s t  sp e c ie s  supp l ies  

of larvae are available for only a few  w e e k s  a year.

There  are tw o  a p p ro a c h e s  to  ob ta in ing supp l ies  of larvae 

Either m a ture  co lon ies  o f  plan ulatlng or b ro a d ca s t  sp a w n in g  

sp e c ie s  can be  co l lec ted  and  held In aquaria until they 

re lease p lanu lae or g a m e te s  respectively , or, for 

b roadcas te rs ,  s l icks of mil l ions of coral larvae can be 

co l lec ted  from the  soa su r face  at o n e  or tw o  we l l -de f ined  

t im es  of year. T h ese  sl icks can either be  held in situ  or 

transferred to ex situ  aquaria

In the  first case , sl icks can be  s to red  In floating cultu re 

p o n d s  In the  soa (even p last ic  padd l ing  poo ls  appear 

adequa te )  for a b ou t  a w e e k  by w h ich  t im e m o s t  larvae are

ready  and ab le  to sett le  on to  the  reef (this cond i t ion  Is 

re ferred to  as “com pé te n t" ) .  At this point, they can be 

p u m p e d  clown Into m e sh  ten ts  on the  d e g ra d e d  reef and 

a l lowed to sett le In high densit ies.  The m esh  ten ts  are to 

prevent them  be ing  w a s h e d  off  the  reef by currents.  With  

such  te c h n iq u e s  you can ach ieve  a round  1 0 0  t im es  the 

a m o u n t  of  coral  se t t lem en t  that you m igh t e x p e c t  naturally. 

However,  a large un kn o w n  Is w he the r  th is m a ke s  any 

significant d i f fe rence In the  long-te rm  b e c a u s e  so  very few  

of the se  newly  sett led cora ls  will surv ive to  b e c o m e  m ature  

re p rod uc t ive  co lon ies  and  mortali ty m ay  be  dens i ty -  

d e p e n d e n t

By transferring to ex situ  aquaria, the  newly sett led corals  

can be  careful ly  reared aw ay  from the  perils of the  natura 

reef env ironm en t and only t ransp lan ted  to the  reef w hen  

they  have a reasona b le  c h a n c e  o f  survival. Survival on the  

reef Increases dramat ica l ly  with s lze/age. For exam ple , a 

s tud y  with the  plan ulatlng coral Pocillopora dam icornis  

s h o w e d  a lm os t  8 t im es  better survival  of  newly sett led 

cora ls  In aquaria over one  w e e k  (69%) c o m p a re d  to  the  

natural reef (9%) and negl ig ib le surv ivo rsh ip  In the  wi ld over 

3 w eeks .  The s a m e  s tudy  also s h o w e d  that If cora ls  w e re  

cu l tu red  for a b ou t  6 m o n th s  until they  w e re  > 1 0  mm 

diameter, they  had a round  a 2 5 - 3 0  t im es  better c h a n c e  of 

surviv ing for 5 m o n th s  w hen  t ransp lan ted  to the  natural  reef, 

as th o s e  t ransp lan ted  w hen  < 3  m m  (about 1 m on th  old)

Using sl icks from b ro a d ca s t  spa wn ers ,  m any  th o u s a n d s  of 

coral po lyps  can be  sett led on ti les (p recond i t ioned  In 

sea wa te r  for a b ou t  2 m onths)  In ex situ  aquaria. This 

se t t lem en t  can be  ass is ted  by using a t t rac tants  der ived from 

certa in sp e c ie s  of  corall ine red a lgae (so m e t im e s  re ferred to 

as larval “flypapers")  w h ich  s t imu la te  the  se t t lem en t  and 

m e ta m o rp h o s is  of  coral larvae Into juven i le  cora ls

Acropora tenuis planulae and newly settled and metamorphosed juveniles 
attached to live crustose coralline algae.

Juvenile herbivorous snails such as 
5-7.5 mm Trochus can be used to graze 
away algae that may otherwise smother 
young corals.



After a few  w e e k s  the  ti les and juven i le  cora ls  can be  c o ­

cu l tu red  In m id -w a te r  c a g e s  with small he rb ivorous  snails 

(such as 5 - 7 . 5  m m  Trochus) w h ich  graze aw ay  a lgae that 

m ay  o th e rw ise  sm o the r  the  you n g  corals . Using the se  

m e th o d s  th o u s a n d s  of A cropora  co lon ies  o f  ab ou t  4 cm  

d iam ete r  can be  ra ised from coral  spa t  within 12  m o n th s  

Again, the  s tep  w h ich  Is yet to be  d e m o n s t ra te d  Is the 

transp lan ta t ion and s u c c e ss fu l  g row th  of the se  small 

co lon ies  on d e g ra d e d  reefs.  S ince  cu l tu re  carries a cost,  w e  

ne ed  to  find ou t deta i ls of the  t rade-o f fs  b e tw een  the  t ime 

s p e n t  in cultu re (costs) and  the  inc rease in survival 

s u b s e q u e n t  to t ransp lan tat ion as a resul t o f  this (benefits) 

This Is the  sub je c t  of o n go ing  research

Acropora eggs and embryos in 
early stages o f development, 
two hours after coral spawning.

Monitoring growth and survival o f corals and cleaning algae and other fouling 
organisms o ff m id-water cages in which juvenile Acropora are being raised on 
tiles in Palau.

Nine month old 
Acropora (3-4 cm  
diameter) settled as 
spat on tiles in tanks 
and then reared In 
mid-water cages in 
co-culture with Trochus 
snails which graze on 
algae.

Corals can be successfu lly  cultured from  asexually produced fragm ents or from  larvae 

produced by sexual reproduction.

The main reason to  culture asexual fragm ents is to m axim ise benefits from  a given 

am ount o f source m aterial and thus m inim ise dam age to  donor areas. Culturing 

fragm ents can generate hundredfo ld gains in transp lantab le material.

Care should be taken to  ensure reasonable genetic d iversity o f cultured transplants.

Culture from  larvae has been carried out experim entally but requires more technica l 

expertise than asexual culture. For many species, spawning is very seasonal which 

restricts when larvae are available. Flowever, sexual propagation in culture does have 

the potentia l to  produce huge num bers o f sm all corals.

The b iggest question-m ark over culture as a source o f coral material for restoration is 

how well the nursery reared corals w ill survive when transp lanted onto degraded reefs.

3.4 Attaching coral transplants

Transp lants sho u ld  genera l ly be secu re ly  a t tached  to the 

reef un less  they  are In such  she lte red  cond i t ions  that 

f ra gm e n ts  will remain In p lace  w i thou t  ass is tance .  This can 

be  clone with cem en t ,  a range  of  e p o x y  adhes ives, nails, 

sta in less steel wire, Insulated wire, and  cab le - t les .  Nalls or 

long s tap les  h a m m e re d  Into the  reef may prov ide 

a t ta ch m e n t  po in ts  for cab le - t les  or wire w he re  o the rw ise  

diff icult to  a t tach. Small  nu b b in s  of coral have even been 

succe ss fu l ly  a t ta ch e d  to  p last ic  p ins (for m id -w a te r  nursery 

culture) and other su b s tra te s  (e.g., g iant c lam shells) using 

cyan oac ry la te  g lues  (Superg lue).  S p e c ie s  w h ich  naturally 

r e p ro d u c e  by fragm enta t ion  are usual ly ab le  to se lf -a t tach

within w eeks ,  If stable. On e x p o s e d  reefs, d e ta c h m e n t  of 

t ransp lan ts  can be  the  main c a u s e  of dea th  and can 

de c im a te  the  t ransp lan t popu la t ion

The m o s t  e f fective m e th o d  will d e p e n d  on: (1) the  size and 

g row th - fo rm  of the  transp lan ts ,  (2) the  e xp o su re  of the 

habita t to  cu r ren ts  and  w a ve  action, and  (3) the  na ture of 

reef sub s tra te  Itself. In var ious projects , a c c e p ta b ly  low rates 

o f loss (de tachm ent)  from the  reef have been ach ieved  

succe ss fu l ly  with ep oxy  c o m p o u n d s ,  cem en t ,  and  wire 

M e th o d s  of a t ta ch m e n t  w h ich  al low any m o v e m e n t  of the 

fra gm e n t m ay  c a u s e  ab ras ion and t issue  loss and are not 

re c o m m e n d e d .  This s o m e t im e s  o c c u rs  w hen  f ra gm e n ts  are 

tied to the  reef rather than c e m e n te d
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Cora l f ra gm e nts  are of ten ab le  to g ro w  over the  w ires or 

cab le - t les  a t tach ing  the m  within m o n ths .  However,  genera lly 

you shou ld  try to m in im ise  In t roduct ions of m a n -m a d e  

materials Into the  reef env ironm ent.  W h e re  living coral  t issue  

Is In s tab le  c lose  c o n ta c t  with a reasonab ly  c lean (e.g. not 

with th ick s e d im e n t  or th ick algal turf) sur face, the  coral can 

se l f -a t tach  by g row ing  on to  the  sur face. O n c e  the  cora 

fra gm e n t has g row n  on to  the  sub s tra te  then the  risk of 

d e ta c h m e n t  Is m u ch  re d u ce d .  This se l f -a t tach m en t p ro c e s s  

can o c c u r  within a fe w  w e e k s  to a fe w  m o n th s  and 

m e th o d s  w h ich  e n c o u ra g e  the  p ro c e s s  are re c o m m e n d e d .

O ne  lo w -c o s t  m e th o d  w h ich  has been  used  succe ss fu l ly  for 

t ransp lan t ing b ra n ch e s  to coral  rock  areas Is to find natura 

ho les  w h ich  are a b ou t  the  s a m e  d iam eter  as the  ba se  of 

the  branch, or to m a ke  ho les In the  reef with a chisel or 

broad  sc rewd r iver  to th is size. The area a round  the  ho le  Is 

s c ra p e d  b a c k  to bare sub s tra te  and  the  b ranch  Inserted, 

be ing fixed In p lace  with e p o xy -p u t ty  on on e  s ide  but with

An Acropora colony one month after transplantation, showing the rapid self- 
attachment to the substratum around the base (bluish growth).

live t issue  p re sse d  against  the  bare sub s tra te  on the  other 

side. This p ro m o te s  se l f -a t tach m en t  on that s ide  and 

a p pea rs  to w ork  well

C ul tured coral f ra gm e n ts  are usually a lready a t ta ch e d  to 

s o m e  substra te .  T h ese  m ay range  from plast ic  pins used  In 

m id -w a te r  nurser ies to 2 0  c m  x 5 c m  p iece s  of l imestone, 

w h ich  have been used  In s o m e  ben th lc  nurseries 

Fragm ents  or small co lon ies  from nurser ies are likely to  have 

a lready se l f -a t tach ed  to  the  su b s tra te s  on w h ich  they  have 

been cu ltu red. Plastic pins can be  fixed Into natural  or 

m a n -m a d e  ho les  In the  reef, with ep oxy  If necessary .  The 

area su r round ing  the  hole sho u ld  be  sc ra p e d  c lean and the 

g row ing  ba se  of  the  coral  shou ld  be  given every  

e n c o u ra g e m e n t  to  ex tend on to  the  reef subs tra te  Itself. 

W h e re  f ra gm e n ts  have been g row n  on p iece s  of l imestone, 

the se  have been w e d g e d  on to  the  reef b e tw een  the  

b ra n ch e s  of  d e a d  cora ls  and additiona l a t ta ch m e n t  po in ts  

e n c o u ra g e d  with b ra n ch e s  p ressed  aga ins t  the  subs tra te

Auger for boring a hole in 
soft coral rock and two-part 
epoxy putty for fixing 
transplant in hole.

Transplant inserted into hole 
in coral rock with one side 
o f base anchored with 
epoxy putty and other side 
in contact with substrate.

Transplants should in general be securely a ttached to the reef at the s ite being restored

A range o f epoxy adhesives, cem ent, w ires and cab le-ties have all been used to 

successfu lly  a ttach transp lants to  degraded reef areas.

The m ost e ffective m ethod o f a ttachm ent w ill depend on: (1) the size and g row th-fo rm  

the transp lants, (2) the exposure o f the habita t to  currents and wave action, and (3) the 

nature o f reef substra te  itself.

W here feasible, try  to  avoid in troducing m an-m ade m aterials e.g. nails and stap les into 

the reef environm ent.

Try to  encourage se lf-a ttachm en t by transp lants by ju x ta po s ing  living coral tissue to 

bare substra te. Once colon ies have se lf-cem ented the chance o f de tachm ent is 

d ram atica lly reduced.



3.5 Which species?

At p resent  the re is l imited in fo rmat ion on wh ich  cora 

sp e c ie s  are su i tab le  or unsu i tab le  for t ransp lan ta t ion. For 

s o m e  spec ies ,  the  results  of s tud ies  by di fferent 

resea rch e rs  are apparen t ly  con trad ic tory .  This cou ld  be  a 

result  of misiclentif ication, d i f fe rences  in handling, or 

d i f fe rences  in the  t ransp lan t si tes. The dearth  of con tro l led 

exper im en ta t ion  in reef resto ra tion has m e an t  that few  

spe c i f ic  re c o m m e n d a t io n s  can  be given. However,  the re  is 

s o m e  genera l g u id a n c e  that w e  can  prov ide

The first priority m u s t  be  to find ou t w h ich  sp e c ie s  w o u ld  be 

e x p e c te d  to surv ive at the  site that is be ing res to red  

Surveys  of w ha t  still su rv ives at the  d e g ra d e d  site or at 

nearby, similar, less im p a c te d  si tes (potentia l “re fe rence 

e c o s y s te m "  sites), or historical data  from the  area can  give 

s o m e  idea w h ich  s p e c ie s  may be  appropr ia te .  For 

exam ple , if only s e d im e n t  to lerant sp e c ie s  ap pea r  to  be 

surviv ing at a d e g ra d e d  site, then it is unlikely that 

introducing non sed im en t- to le ran t  sp e c ie s  will be 

s u c c e ss fu l  un less the  so u rce  of  sed im en ta t ion  is re d u ce d  

or re m oved .  C and id a te  sp e c ie s  for t ransp lan tat ion w o u ld  be 

th o s e  that pers is t at u n d e g ra d e d  (or less de g rad ed )  s ites in 

the  s a m e  env ironm enta l  sett ing. They  shou ld  be 

t ransp lan ted  only if any  ch ron ic  adverse  an th ro p o g e n ic  

impacts  w h ich  are likely to  c a u s e  their dea th  are being 

a d d re s s e d  by m a n a g e m e n t  m easures .  O the rw ise  

transp lan ta t ion  is l ikely to  be  futile

B ranch ing  s p e c ie s  such  as th o se  in the  families 

A c ro p o r id a e  and Poci l lopo r idae  ten d  to  be fas t -g ro w in g  and 

easy  to f ra gm e n t (or find natural  f ra gm e n ts  of). As such  they 

have been m u c h  favoured  in t ransp lan tat ion as they  can 

p ro d u c e  a rapid inc rease in % live coral cove r in a relatively 

short  time. On the  d o w n s id e  they  tend:  1) to be  s o m e w h a t  

m o re  sensit ive  to  t ransp lan ta t ion than s lower g row ing  sub -  

m ass ive  and m ass ive  corals,  such  that survival  ra tes can 

be  m u c h  lower, 2) to be  m ore  s u s ce p t ib le  to w arm ing  

asso c ia te d  with El N iño S outhern  Oscil la tion even ts  and 

thu s  m o re  likely to be  sub je c t  to  m a s s -b le a ch in g  and 

s u b s e q u e n t  m a ss  mortali ty (if the  w arm ing  event is 

pro longed),  and  3) to  be  m ore  s u s ce p t ib le  to d isea se  than 

s o m e  other families. Thus  the re  are s ignificant risks

View o f transplant site in Fiji with recently transplanted Acropora,

asso c ia te d  with resto ra tion p ro jec ts  w h ich  roly on such  

spe c ie s .  In the  Inclo-Pacific w he re  th e se  families are very 

prevalent, it is also the  c a s e  that th e se  s p e c ie s  are in m any 

p laces  the  first to  recruit  and  may d o m in a te  natura 

recru i tment.  In s ites that are not rec ru i tm en t  l imited, their 

po pu la t ions  are thus  likely to  recover relatively quickly. For 

example , in seven years in the  M a ld ives  o n e  can exp e c t  

tabu la te  A cropora  co lon ies  a round  1 .3  mi in d iam ete r  to 

g ro w  from naturally sett led coral  spa t

Other g row th  fo rm s  (massive, subm ass ive ,  fo l iaceous) and 

branch ing  sp e c ie s  in other families such  as the  Porit idae 

and Merul in idae, w h ich  ten d  to  be  s lower g row ing, have 

been less s tud ied  in te rm s  of resto ra tion potent ia l. A l though 

the re  is con s id e ra b le  variation b e tw een  genera  and even 

sp e c ie s  within th e se  other families, it is c lear that at least 

s o m e  of the se  less favoured  sp e c ie s  (Pontes lutea ,

A  lobata, s o m e  Pavona  spec ies )  are less sensit ive  both  to 

t ransp lan tat ion and to w arm ing  anom a l ies  and are thus  likely 

to surv ive be tter in the  long te rm de sp i te  g row ing  m ore  

slowly. The d ra w b a c k  for th e se  s lower g row e rs  is that the 

des ired  to p o g ra p h ic  com p lex i ty  (which p rov ides  shelter and 

te n d s  to  a tt ract fish and other fauna) is ach ie ved  far more  

slow ly with the se  sp e c ie s

A  sens ib le  c o m p ro m is e  is to t ransp lan t a g o o d  mix of 

sp e c ie s  and not to  put all your e g g s  into o n e  high-r isk 

baske t  by concen tra t ing  on acropor ic ls  and pocilloporicls.  In 

env ironm en ts  d o m in a te d  by the se  families, the  key ques t ion  

is w he the r  the  site is rec ru i tm en t  l imited. If it isn't, then there 

is a risk that m o n e y  spe n t  on restora tion may not be  well 

spent.  If it is, then the  risks are p robab ly  worth  taking

There  is o n go ing  research  that a ims to  p rov ide  an index of 

relative suscept ib i l i ty  to  b leach ing  for c o m m o n  coral 

spe c ie s ;  th is will be  a usefu l gu id e  w hen  c h o o s in g  sp e c ie s  

to transp lan t.  Even within coral  spec ies ,  co lon ies  with 

part icular  c lado s  of sym b io t ic  zooxanthe l lae  have been 

s h o w n  to be  m ore  res is tant to b leach ing  than co lon ies  with 

o ther c lados. W he th e r  such  res is tant co lon ies  can be 

readily identif ied in the  field and then se lec ted  for 

t ransp lan tat ion or p ro p a g a te d  asexual ly in nurser ies (see 

sec t ion  3 . 3 d )  is an in te resting area for research

Snorkel diver placing a transplant on a degraded site in Fiji,
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Only transp lant species appropria te to  the reef environm ent being restored. That is, species 

w h ich are surviving at nearby sites in the sam e or a very s im ilar environm ental setting 

("reference ecosystem " sites).

If try ing to  restore to  a prior ecosystem  state, ensure tha t any chronic an thropogenic im pacts 

w h ich may have con tribu ted to degradation, are firs t either am eliorated or rem oved.

A ttem pt to transp lant a m ix o f com m on species using surveys o f reference ecosystem  sites 

as guidance.

Consider tha t a lthough fast-grow ing branching species can provide a rapid increase in coral 

cover and topograph ic  com plexity, they also tend to  be m ore susceptib le  to  coral bleaching, 

stresses o f transp lantation, and disease.

Consider tha t a lthough s low er grow ing subm assive and m assive coral species may provide 

a s low er increase in coral cover and effect on topograph ic  com plexity, they tend to  survive 

coral bleaching ep isodes bette r and tend to  be less susceptib le  to  the stresses o f 

transp lantation and to  disease.

3.6 Size of transplants

There  is ev id e n ce  that the  size of t ransp lan t matters , with 

better survival  be ing ach ieved  at larger sizes. The benef i ts  In 

te rm s  of survival  m ay  op era te  over a w ide  range of sizes 

from 1 m m  to 1 0  cm . W ork  with very small coral  t ransp lan ts  

su g g e s ts  a m a rked  ¡improvement in survival  ab o ve  a b ou t  10  

m m  (1 cm) in d iam eter  (see sec t ion  3.3 .2),  w he reas  s o m e  

e xp e r im e n ts  w ork ing  with larger t ransp lan ts  have sh o w n  

better survival  of  t ransp lan ts  over a size of a b ou t  1 0  cm  

c o m p a re d  to smaller ones. The critical s izes may vary with 

bo th  sp e c ie s  and site, be ing d e p e n d e n t  on bo th the 

a m o u n t  and type  of a lgae (and other o rgan ism s) c o m p e t in g  

for s p a c e  and the  a b u n d a n c e  and size of  potentia l  cora 

grazers like parrotf ish If a t ransp lan t is ju s t  o n e  mouthfu l 

then one  bi te from a grazer m igh t des troy  it. If it is severa

m outh fu ls  then it m ay  survive. If the re is a lot of m a c roa lg ae  

then a small coral m ay  easily be s h a d e d  and ove rgrown, 

w he reas  a larger one  m ay be  ab le  to  pers ist

At p resen t  w e  do  not kn o w  e n ough  ab ou t  h o w  size and 

survival  vary from sp e c ie s  to  sp e c ie s  or the  t rade-o ffs  

be tw een  size and  survival, or indeed  w he the r  the re  really is 

a crit ical s ize at w h ich  survival  dramat ica l ly  ¡improves, or a 

con t inuum  of ¡improved survival  with size. However,  it s e e m s  

likely that t ransp lan t ing asexual ly de r ived  f ra gm e n ts  at a 

m in im um  size of  5 - 1 0  cm  will p ro m o te  better survival  and 

d o  m o re  to e n h a n c e  to p o g ra p h ic  diversity. Given the  t ime 

and labour involved in t ransp lan tat ion it s e e m s  m o re  cos t -  

e f fective to err on the  s ide  of larger and less vulnerab le 

t ransp lan ts  until better in fo rmat ion b e c o m e s  ava ilable

Good Practice Checklist
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Consider tha t larger transp lants may survive better.

Consider tha t fo r asexually derived transp lants a m inim um  transp lant size o f abou t 5-10 

cm  may prom ote be tte r survival.

If rearing sexually produced transp lants from  larvae, consider cu ltu ring until at least 1 cm 

in size before attem pting  to  transp lant to  the reef. Trade-offs between cost and survival 

above th is size are unclear.

3.7 Diversity and density of transplants

S ince  the  aim o f  resto ra tion is to res tore a site to its pre- 

d is tu rb a n ce  state, then the  “re fe rence  e c o s y s te m "  sta te  

(see sec t ion  1 .3 .1) shou ld  p rov ide  a reasona b le  indication 

of  the  diversity of sp e c ie s  p resen t  and the  ap p rox im a te  

dens i t ies  in w h ich  the  main s p e c ie s  o ccu r  on healthy reefs 

n similar env ironm enta l  sett ings. L ine - in te rcep t- t ra nsec t  or

qu adra t  surveys  (see Engl ish e t a!., 19 9 7 )  of  po tentia l 

so u rce  areas for t ransp lan t materia l (which shou ld  be  in a 

co m p a ra b le  env ironm enta l  sett ing to  the  reef to be restored) 

ou gh t  to  p rov ide  in fo rmat ion on relative a b u n d a n c e s  of the 

main sp e c ie s  and their densit ies.  T h ese  can be  used  to 

gu id e  t ransp lan tat ion or at least p rov ide  long -te rm  ta rgets



This e m p h a s is e s  the  im p o r ta n ce  of  resto ration goals  and 

defin ing a “re fe rence  e c o s y s te m "  s ta te to w h ich  you are 

try ing to  res tore a site. The diff icult ies of defin ing this sta te  in 

the  fa ce  o f  bo th  g lobal c l imate  c h a n g e  and the  w ide sp re a d  

dec l ine  of coral  reefs  from a n th ro p o g e n ic  Im pac ts  have 

been m e n t ione d  earlier. However,  the  perils of em bark ing  on 

a restoration p ro jec t  w i thou t  any goals  and w i thou t  any ¡clea 

of  the  sta te  you e x p e c t  the  res to red  reef to ach ieve, seem  

far greater, with little l ikelihood of a su cce ss fu l  o u tc o m e  

W ithou t  s o m e  re fe rence  state, you have no ¡clea w h ich  

sp e c ie s  to  t ransp lan t or w ha t  n u m b e rs  to  t ransp lan t or w ha t  

k ind o f f is h ,  coral, algal and  inver tebrate c o m m u n i ty  you 

m igh t eventua lly  e x p e c t  to  see. By at least th inking abou t  

w ha t  an ap prop r ia te  re fe rence  e c o s y s te m  s ta te m igh t be, 

you m ay avoid pitfalls such  as t ransp lan t ing reef c res t  cora ls  

into a lagoon and then w a tch in g  the m  die

Experimental transplants 
arranged on a degraded 
bommy in Philippines.

As dens i t ies  rise, so  d o  cos ts ,  and  very fast. Transplanting 

cora ls  one  m e tre  apart  w ou ld  require a b ou t  1 0 ,0 0 0  

transp lan ts  per hec ta re  (ha). However,  transp lan t ing  corals  

on ave rage every 0 .5  mi over on e  hec ta re  w ou ld  require  

over 4 0 ,0 0 0  t ransp lan ts /ha .  R eports  of  reef restora tion 

p ro jec ts  ind ica te  that dif fe rent g ro u p s  have s u g g e s te d  aiming 

to  res tore anyth ing from 2 cora ls  per me on reefs w h ich  

a lready had a round  2 0 %  coral cove r to  c. 25  cora ls  per me 

on totally d e g ra d e d  reef. The latter target dens i ty  w as  ba sed  

on the  dens i t ies  o f  cora ls  at a “re fe rence  ec o s y s te m "  and 

ca lcu la t ions  s h o w e d  that the  co s t  of resto ra tion w ou ld  be 

well over U S $ 4 0 0 ,0 0 0  per hectare .  From a c o s t  pe rspec t ive  

a “p lanting ratio" of 1 0 %  target dens i ty  w as  co n s id e re d  

feas ib le  in that case .  O thers  have o p te d  to  increase cora 

cove r by a fixed am ount ,  for example , from an initial 1 0 %  on 

a d e g ra d e d  site to 2 0 %  pos t- t ransp lan ta t ion .  Def in ing an 

o p t im u m  transp lan t dens i ty  is at p resen t  clearly m o re  art than 

sc ience .  Retu rn ing to  the  a ims of restora tion, w e  reiterate 

that th e se  are to ass is t natural  recovery  not rebui ld  the  reef

p iece  by p iece . The ¡important th ing is to  ass is t the  reef to 

ge t on a posit ive t ra jectory (see Figure 2) head ing  to w a rd s  

improved funct ionality.  Thus  the  dens i ty  of cora ls  at a 

re fe rence  e c o s y s te m  is only a gu ide  to a long-term  goal, not 

a t ransp lan tat ion aim. If re sou rce s  are limited it is better to 

a t te m p t  to res tore a relatively small area well, than a larger 

area poorly.

Using the  dens i ty  of  all cora ls  on the  re fe rence  e c o s y s te m  

as a gu ide  is also a s o m e w h a t  c ru d e  measure .  S o m e  corals  

m igh t be  1 c m  across, o thers  1 mi ac ross .  If s ize - f requency  

d is tr ibut ions w e re  available from surveys  of the  re fe rence  

e c o s y s te m  then dens i t ies  of cora ls  at the  average t ransp lan t 

s ize or larger w o u ld  be  a m ore  jus ti f iab le target. W he th e r  this 

target shou ld  be so m e th in g  that is the  ¡immediate aim of the 

transp lan tat ion, or the  ul timate aim after say 5 - 1 0  years of 

natural  recovery, ass is ted  by s o m e  initial transp lan tat ion, will 

m a ke  a con s id e ra b le  d if fe rence  to the  t ransp lan t dens i ty  

a t tem p ted .  An alternat ive a p p ro a ch  w ou ld  be  to  set a goal  

that -  with in say 5 - 1 0  years -  the  res to red  site shou ld  aim 

for say 7 5 %  o f  the  coral cove r (or better) of the  re fe rence 

eco s y s te m .  K now ing  ex is ting coral  cover, starting s izes of 

t ransp lan ts  and ave rage g row th  rates, one  co u ld  then 

es t im a te  the  nu m b e r  of t ransp lan ts  that w ou ld  be 

ap prop r ia te  to ach iev ing  the  goal. Th is is clearly an area 

w he re  model l ing can ass is t and  w h e re  model l ing is very 

m u ch  needed .  Interestingly, a recen t  mode l l ing  s tud y  with 

fairly s im p le  a s s u m p t io n s  has s u g g e s te d  that g reates t 

restora tion benef i t  is ob ta ined  if t ransp lan ts  are a rranged  in 

regular gr ids. However,  m o re  sop h is t ica ted  m o de ls  with 

additiona l pa ram e te rs  are n e e d e d  to  invest igate  this sub jec t  

further.

There  are a range  of cons tra in ts  that can be con s id e re d .  The 

aim is a se lf -susta in ing coral popu la t ion . C o lon ies  of the 

s a m e  s p e c ie s  will ne ed  to be  near e n ough  each  other to be 

ab le  to  r e p ro d u c e  successfu l ly .  Perhaps  s o m e  d u m p in g  

m igh t ass is t this, rather than sp read ing  transp lan ts  thinly over 

the  d e g ra d e d  area. In te rm s  of to p o g ra p h ic  com p lex i ty  gains, 

c lum p ing  m ay also be  benefic ia l  with c lus te rs  of coral 

t ransp lan ts  ag gregat ing  fish m o re  effectively  than small 

Isola ted transp lan ts .  At the  o ther extreme, s o m e  sp e c ie s  of 

coral are qu ite  aggress ive  and m ay kill o thers  if p lace d  c lose  

to  them . Incom pa t ib le  sp e c ie s  shou ld  not be  p lace d  c lose  

together, kike m any  other areas of reef restora tion, the 

u n a n sw e re d  qu e s t io n s  loom large
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Make use o f surveys o f a "re ference ecosystem " (healthy or less degraded reef in a s im ilar 

environm ental setting) to  inform  selection o f appropria te  species and provide estim ates o f 

the density o f colon ies (over 5-10 cm) tha t could be an eventual goal.

Rem em ber tha t you are not trying to  create an " ins tan t" reef but trying to  assist its recovery.

Better to  restore a sm all area well than to try  to  restore a large area poorly, because o f 

funding constra in ts.
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3.8 When to transplant?

Transplanta t ion ca u s e s  s tress  to  corals. Often transp lan ts  

s h o w  “b leach ing"  for a m on th  or tw o  after transp lan ta t ion 

be fore  re tu rn ing to  a normal colour. If dono r  co lon ies  are 

be ing used  as so u rc e s  of f ra gm e n ts  for transp lan ta t ion 

th e se  will be  s t re ssed  and the  transp lan ts  th e m se lve s  will 

be  s t ressed .  The key to  su cce ss fu l  t ransp lan t ing Is to 

m in im ize s tress  and so  transp lan ts  sho u ld  be  kept at 

tem p e ra tu re s  as near as po ss ib le  to that of  the  sea, kep t In 

the  shade,  e x p o s e d  to the  air as little as possib le ,  hand led  

as little as po ss ib le  and t ra nspo r ted  for as short  a t im e as 

poss ib le .  If cora ls  are he ld  In c losed  con ta ine rs  then try to 

e x c h a n g e  the  sea w a te r  regularly. S o m e  w o rke rs  avoid 

t ransp lan t ing In the  m idd le  of the  clay on hot sun ny  clays 

However,  s o m e  cora ls  have been fou nd  to  be  surpris ing ly  

tough  (see ca s e -s tu d le s  In sec t ion  5). A  key sign that a 

coral Is s t re ssed  Is w hen  It starts  to  p ro d u c e  lots o f  m u c u s

The main point of  th is sec t ion  Is to  e m p h a s is e  that at certain

t im e s  of year cora ls  are normally under m o re  stress  and 

th e se  t im es  of  year shou ld  be avo id ed  for t ransp lan tat ion If 

poss ib le .  In genera l It Is dur ing the  w a rm e s t  m o n th s  w hen  

b leach ing  te n d s  to o c c u r  that the  cora ls  are likely to  be 

under stress. It Is also dur ing th e se  m o n th s  that coral 

d isea se  a p pea rs  to  be  m o re  prevalent.  If you transp lan t 

then, you are likely to have greate r mortali ty of  transp lan ts  

Examine the  annual sea su r face  te m pe ra tu re  re co rds  for 

your area and try to t ransp lan t at least a few  m o n th s  be fore 

or after the  annual peak In te m pera tu re  (Figure 8). Bad 

wea the r  at th e se  t im es  may also be  anothe r  constra in t  

A no the r  factor to  con s id e r  Is the  re p rod uc t ive  s ta te of the  

corals . Cora ls  w h ich  are channe l l ing  lots of energy Into egg 

p roduc t io n  and  are ju s t  a b ou t  to sp a w n  see m  likely to be 

m o re  susce p t ib le  to  the  additiona l s tress  of transp lan tat ion 

(as ei ther d o n o rs  or transp lan ts) than co lon ies  In be tw een  

sp a w n in g  sea sons .  For sp e c ie s  with seasona l  b roa d ca s t  

spa w n ing ,  It m ay  be w ise  to avo id  transp lan ta t ion  a round 

the  t im e of spa w n ing
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Figure 8. C om parisons  of the  average m ean m onth ly sea surface tem pera tures  (55T) for the  east Yucatan co as t of Belize and M exico, 

N orthern Luzon (Philippines), Maldives, and Fiji based on the  UK M et o ffic e  Hadley Centre's, g lobal sea lee and 5 5 T  (H ad lS S TI .1) data 

se t from  1 9 8 0 -2 0 0 5 . The error bars show  the range of the  m ean m onth ly 5 5 T  over the  period. Potentially poor tim es for transp lan ta tion  

n te rm s of SST are Ind icated In pale red. Note how  SSTs In southern  hem isphere  Fiji are m ore or less the  rnlrror Im age of those  In the 

northern hem isphere  Philippines and the  relatively small seasonal change  In SST In the  equatorial Maldives, com pared  to  the  other sites

In a fe w  parts  of the  w or ld  near the  northern and sou the rn  limits of  the  dis tr ibution of  coral reefs  or In areas with seasona l  

co ld -w a te r  upwel l lng, cora ls  may also be  s t re ssed  by w inte r coo ling. It Is unclear w he the r  the  co ld e s t  m o n th s  shou ld  

a lso be  avo ided
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Transplant when cora ls are likely to  be least stressed (i.e. a few  m onths before or after the 

annual peak in sea tem peratures; and not around main spawning tim e for seasonal spawners).

M inim ize exposure o f coral transp lants to  air, sun and heat.

If transp lants are held in closed containers fo r s ign ificant periods (approaching 1 hour or more), 

then exchange w ate r w ith fresh seawater at least every hour.

M inim ize handling (wear gloves).

Beware when transp lants s ta rt to  produce a lot o f mucus. This is a key sign tha t they are 

stressed.

3.9 Monitoring and maintenance

Unfortunately, b e c a u s e  of  the  w id e sp re a d  lack of s ys tem a t ic  

moni tor ing of resto ra tion act iv it ies w e  often d o  not kno w  

w hy  the re have been appa re n t  s u c c e s s e s  or failures. W ere  

failures clue to c h a n c e  external even ts  or w ere  they  clue to 

innate f laws In the  m e th o d s  used  for res to ra t ion?  Often w e  

ju s t  kn o w  that certa in resto ra tion act iv it ies w e re  carr ied out, 

bu t have no ¡clea w he the r  th e se  w o rke d  or not. Sadly, 

w i thou t  carefu l m oni tor ing w e  learn little from either past 

m is takes  or pas t goocbp rac t lce .  Resto ration shou ld  not be 

c o n s id e re d  as a o n e -o f f  event but an on go ing  p ro ce ss  

w h ich  will benefi t f rom adap t ive  m a n a g e m e n t  over a per iod 

of  severa l years

Monitoring a 
transpiant site at 
Mayotte. Note the 
yellow tags marking 
each transplanted 
colony

If w e  are to  learn from restora tion In terventions, w e  need to 

c o m p a re  w ha t  w e  ach ieve  with w ha t  w ou ld  have h a p p e n e d  

an yw a y  If na ture had taken Its c o u rs e  w i thou t  any action 

from us. This m e a n s  that w e  ou gh t  to  leave a lone s o m e  

d a m a g e d  p a tc h e s  o f  the  s a m e  size as th o s e  w e  are trying 

to  restore, and  monitor w ha t  h a p p e n s  on th e se  as well as 

w ha t  o c c u rs  on the  p a tc h e s  on w h ich  w e  have carried out 

resto ration work .  This m ay  not be ap prop r ia te  for relatively 

small d isc re te  d a m a g e  such  as that c a u s e d  by a 

sh ip -g ro und in g ,  bu t for c o m m u n i ty -b a s e d  restora tion 

p ro jec ts  w h e re  the  d e g ra d e d  areas are usual ly far In exce ss  

of  w ha t  can be  restored, this shou ld  a lways be  c o n s id e re d  

Ideally, p a tc h e s  s u b je c te d  to resto ra tion ac t ions  shou ld  be

inte rspersed with c o m p a ra b le  pa tch e s  w i thou t Interventions 

Each restora tion p ro jec t  Is essentia l ly  an exp e r im e n t  and 

anyth ing w e  can learn from each expe r im e n t  will be  useful 

to  future restora tion pro jects .  Moni tor ing also g ives you the 

information you need to carry  out adap t ive  m a n a g e m e n t  of 

the  pro ject.  The type  o f  moni tor ing undertaken  will d e p e n d  

on the  p rec ise  goals  of  the  restoration p ro jec t  but w e  offer 

sonne genera l ad v ice  be low.

The m ore  monitor ing Information you can get, the  better In 

te rm s  of learning from your resto ra tion p ro jec t  and  Informing 

adap t ive  m a n a g e m e n t .  However,  you ne ed  to  be  realistic; a 

little carefu lly co l lec te d  da ta  Is m o re  useful than a lot of 

poor ly  co l lec ted  data. Scienti fic  s tud ies  will o ften have 

fu l l -t ime h igh ly-tra ined pe rsonne l  and  significant fund ing  to 

do  monitor ing. C o m m u n i ty -b a s e d  pro jec ts  are likely to have 

m u ch  m ore  limited resources .  Moni tor ing normally fo c u s e s  

on the  survival  and  g row th  of coral t ransp lan ts  or other 

t ransp lan ted  o rgan ism s .  In a c a d e m ic  stud ies,  the  g row th  

and survival  o f  Individual coral  t ransp lan ts  m ay  be  fo l lowed 

th rough  t im e but this Is bo th  very t im e -c o n s u m in g  and  qu ite 

difficult to  ach ieve. A  m ore  realist ic moni tor ing goal m ay  be 

to  fo l low h o w  the  area of  live coral cove r (exp ressed  as a 

p e rc e n ta g e  of the  res to red  site's area) c h a n g e s  th rough 

time. This can be  clone us ing line In tercept t ra nsec t  or 

qu adra t  m e th o d s  (English et a i,  1997)

In addition, s o m e  a t tem p t sho u ld  be  m a d e  to monitor 

c h a n g e s  In biod ivers i ty  at the  restora tion site. Corals, fish 

and other c o n s p ic u o u s  or eco nom ica l ly  Im portant and easily 

re co g n ise d  sp e c ie s  m ay  be  m on ito red . Ident if icat ion to 

s p e c ie s  can be  di fficult (especial ly for s o m e  corals!) and  

w he re  this Is the  case, sp e c ie s  g roups ,  g row th  fo rm s  or 

funct iona l  g ro u p s  can be  used. The better the  ta xo n o m ic  

resolution the  m o re  usefu l the  data, but the  m o re  likely that 

p e o p le  do ing  the  monitor ing will mix up  similar sp e c ie s  or 

d isag ree  a b ou t  Identi fications. It Is better to  have g o o d  

reliable da ta  at the  g e n u s  or family level than unre liable da ta 

at the  sp e c ie s  level. A b u n d a n c e s  of  dif fe rent taxa In the 

c h o s e n  g ro u p s  can be  m on ito red  over t im e to see  w he the r
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the  sys tem  is b e c o m in g  m o re  d iverse and in particular 

w he the r  it is b e c o m in g  m ore  like the  re fe rence  healthy reef 

e c o s y s te m  c h o s e n  as a goal (see sec t ion  1 .3 .1 ).

As well as sys tem a t ic  moni tor ing of the  kind d is c u s s e d  

above, a s im p le  c h e c k  on the  s ta tus  of  the  restora tion site 

by a snorke ler or diver every  fe w  w e e ks  can be  very useful 

Unfortunately, a lot can h a ppen  b e tw een  3, 6 or 12  month ly  

s ys tem a t ic  moni tor ing visits, inc lud ing m a ss  mortali ty of 

t ransp lan ts  from d is tu rb a n ce s  (e.g. s torms, terrestrial run-of f. 

p redators ,  var ious events  caus ing  coral b leaching). Brief 

c h e c k s  of a site every  2 -4  w e e k s  shou ld  a l low such  events  

to  be  p in -po in ted  so  that w e  can learn w hy  cora ls  have d ied 

and pe rhap s  take  s o m e  remed ia l  action

M aintenance -  Given the  e x p e n s e  and effort Involved in 

any reef resto ra tion project.  It Is sens ib le  to  a t te m p t  to 

max im ize  surv ivorsh ip  o f  transp lan ts .  S ys tem a t ic  monitor ing 

m ay  o ccu r  at Intervals of severa l m on ths ,  but it is benefic ia 

to  c h e c k  t ransp lan ts  m o re  f requent ly  for predat ion, algal 

ove rg row th  or d e ta c h m e n t  and take  remedia l action, if

Crown-of-thorns starfish feeding on Acropora,

The predatory snail Coralliophila 
on a Porites rus colony.

Grazing scar left by  Coralliophila

necessary .  S o m e  ech inoc le rm s (e.g. the  C ro w n -o f - th o rn s  

starfish Acanthaster planci}, g a s t ro p o d  m o llu scs  (e.g. 

Coralliophila , Drupella , Phestilla] and  fish feed  on live corals  

and the re is s o m e  a n ecdo ta l  e v ide nce  that t ransp lan ts  

(particularly if s tressed) m ay  actual ly a tt ract s o m e  predators  

(e.g.. the  cush ion  star. Culcita) There is little o n e  can easily 

d o  a b ou t  mob i le  fish grazers (many o f  w h ich  are on ba lance  

benefic ial  b e c a u s e  they  also have a key role in grazing 

c lown co m p e t in g  a lgae and creating s p a c e  for inver tebrate  

larval se t t lement) but the  s low er -m o v in g  starfish, cush ion  

star and g a s t ro p o d  preda to rs  can be  re m oved  from the 

vicinity o f  t ransp lan ts  and d e p o s i te d  well away  from the  

restora tion si tes. This rout ine h u sb a n d ry  can ex tend to 

rem ov ing  ex c e s s  a lgae (e.g. with a wire brush) that ap pea rs  

to  be th rea ten ing  transp lan ts  and rea ttach ing  any d e ta c h e d  

transp lan ts .  If the re  is e xce ss ive  algal g row th  then the re  may 

be  other m a n a g e m e n t  m e asu re s  w h ich  ne ed  to  be 

c o n s id e re d  as well. If the re is a s ignificant ou tb re ak  of 

C ro w n -o f - th o rn s  then m ore  drast ic  m e a su re s  m ay  be 

required

Predation o f Porites rus by the nud¡branch Phestilla, Note the egg masses 
laid by the seaslug.

The cushion star Culcita which 
is known to feed on corals.

The mouth area o f Culcita,



/
/

/

/

/

Consider restoration not as a one-o ff event but as ongoing process over a tim e-sca le  of 

years w h ich is likely to  need adaptive m anagem ent.

M onitoring o f restoration pro jects is essential if we are to  learn from  past m istakes and 

past good-practice . W ithou t it, you can evaluate neither the success nor cost- 

e ffectiveness o f restoration, nor carry out adaptive m anagem ent if needed.

Setting up and m onitoring o f a few  com parable "co n tro l" areas where no active restoration 

has been attem pted is recom m ended. These provide a clear baseline against which you 

can evaluate the cost-e ffectiveness o f your restoration interventions.

Consider how  much m onitoring can be feasib ly undertaken (both detail and frequency) but 

be realistic. Better a little  carefu lly and regularly collected data than a lot o f poorly  and 

irregularly co llected data.

Routine m aintenance vis its  to  the restoration site are recom m ended. They are likely to be 

very cost-e ffec tive  given the expense o f active restoration and could prevent wholesale 

loss o f transp lants to  predators.

4. What does reef restoration cost?

It Is very di fficult to find Information on the  true c o s ts  of 

resto ration. In the  rare Ins tances w he re  de ta i led co s t  

in fo rmat ion Is available, this usual ly deta i ls the  c o s ts  of 

carry ing ou t resto ration act ivit ies rather than that o f  ach iev ing 

restoration goals. Carry ing ou t an ac t ive restora tion 

intervention, such  as transp lan t ing  x n u m b e rs  of  cora ls  to a 

reef, Is not the  s a m e  as succe ss fu l ly  resto r ing an area of 

reef. Often It Is unclear w ha t  the  o u tc o m e s  of the  restora tion 

activities have been s ince  m onitor ing has not been 

undertaken  for a suff ic ient period, If at all. K now ing  the 

relative c o s ts  of  dif fe rent a p p ro a c h e s  to  restoration used  In 

dif fe rent p ro jec ts  Is useful bu t It Is of ten very di fficult to 

c o m p a re  such  c o s ts  In a mean ing fu l  way. Further, the  cos ts  

ne ed  to be  eva luated In the  con tex t  of the  restora tion 

benef i ts  genera ted .  For ac t ive bio logical restora tion, the 

benef i ts  are p resum a b ly  the  ¡improvements  In target 

indicators ach ie ved  over and ab o ve  w ha t  w ou ld  have 

h a p p e n e d  If natural recovery  had not been ass is ted. Thus 

w e  Inc lude the  re c o m m e n d a t io n  In sec t ion  1.3 .1 that w he re  

feas ib le  s o m e  “contro l"  s i tes be  set up w he re  no active 

restoration Is carr ied out

For the  m o s t  f requen t  ac t ive restora tion activity, that Is, 

try ing to  res tore cora ls  to  reefs, a cos t -e f fe c t lveness

e n d p o in t  that cou ld  be readi ly c o m p a re d  b e tw een  pro jec ts  

and di fferent m e th o d o lo g ie s  Is the  c o s t  per coral co lony  

surviv ing to maturity. Deriving such  a c o s t  Is m o re  difficult 

inputs may Inc lude c o n s u m a b le s ,  e q u ip m e n t  and  labour 

and sonne c o s ts  m ay  re late to o n e -o f f  s e t -u p  e xp e n se s  

(which can benefi t from e c o n o m ie s  of scale)  w he reas  others  

m ay  be  running costs ,  w h ich  are p roport iona l  to th rou g h p u t  

In theo ry  the  var ious c o m p o n e n t  co s ts  co u ld  be  re d u c e d  to 

$ values and then ad jus ted  for pu rchas ing  po w e r  parity 

b e tw e e n  di fferent countr ies .  W ork ing  out a s tandard  w ay  of 

asse ss in g  cos t -e f fe c t lve n e ss  Is clearly a priority If lo w -co s t  

m e th o d s  are to be p ro m o te d  and d issem ina ted .

Having said this, w e  can give s o m e  g u id a n c e  on likely co s ts  

o f restora tion activities. T h e se  need to  be  d iv ided  be tw een  

restora tion p ro jec ts  Involving s o m e  physica l resto ra tion and 

pu re  bio logical resto ra tion pro jects .  Data from sh ip- 

g round ing  restora tion co s ts  In the  Car ibbean, w h ich  

involved phys ica l  resto ra tion of the  si tes, su g g e s t  c o s ts  of 

U S $ 2 .0  million -  6 .5  million per hectare . Data from low -co s t  

act ive bio logical resto ration p ro jec ts  In Tanzania, Fiji and 

Phi l ipp ines su g g e s t  co s ts  rang ing from U S $ 2 ,0 0 0 - 1 3 , 0 0 0  

per hectare, w he reas  a s tudy  In Austra lia s u g g e s te d  that 

t ransp lan ta t ion to  rep lace  10 %  of the  target dens i ty  o f  corals
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w o u ld  c o s t  at least U S $ 4 0 , 0 0 0  per hectare .  The tw o  low es t 

es t im a tes  of resto ra tion c o s ts  re la ted to c o m m u n i ty -b a s e d  

pro jec ts .  The first Involved transp lan t ing 2 cora ls  per me on 

reefs  w h ich  already had a b ou t  2 0 %  coral  cover 

($ 2 ,00 0 /ha ) ,  and  the  s e c o n d  Invo lved Increasing coral 

cove r on p a tc h e s  of reef from 1 0 %  to 20 %  by m e a n s  of  

t ransp lan ta t ion  ($ 4 ,5 9 0 /ha )  T h ese  are usefu l first s tep s  

t o w a rd s  restora tion but clearly are op t im is t ic  es t im a tes  of 

the  true c o s ts  of  resto r ing reefs. The remain ing es t im a tes  

star t at $1 3 ,0 0 0 /h a ,  T h e se  es t im a tes  can  be c o m p a re d  to 

ave rage g loba l es t im a tes  of the  total value of  coral  reef 

g o o d s  and serv ices  o f  U S $ 6 ,0 7 5  per hec ta re  per year, and 

of potentia l sus ta inab le  e c o n o m ic  benef i ts  for Phi l ippines 

reefs  of  U S $ 3 2 0 —1,1 30  per hec ta re  per year.

For small sca le  c o m m u n i ty -b a s e d  restoration pro jects,  this 

su g g e s ts  that at least severa l years Inco m e  s tream from 

res to red  reef areas are likely to be  n e e d e d  to cove r the 

cos ts .  Any ¡improvement In cos t -e f fe c t lve n e ss  of  b io lóg ica 

restora tion te c h n iq u e s  can  m a ke  a big d i f fe rence to the 

e c o n o m ic s .  Clearly the  s a m e  appl ies  for physica l 

restora tion

C o m p a r iso n  with es t im a tes  of resto ra tion c o s ts  for other 

e c o s ys te m s ,  such  as seagrasses ,  m angroves ,  sa l tm arshes, 

san d  d u n e s  and lagoons, Is slightly reassur ing. C o s ts  of 

reef resto ra tion ten d  to be  h igher at the  lo w -co s t  end  but 

not signif icantly so. It Is only w hen  sh lp -g ro u r id in gs  and their 

phys ica l resto ration are co n s id e re d  that w e  find c o s ts  that 

are an order of  m a g n i tu d e  greate r than the  upper es t im ates  

for other coas ta l  e c o s y s te m s

The real isat ion o f  the  large co s ts  of resto ra tion per hec ta re  

fo c u s e s  attention on an area of research  that requires 

urgent attention but has been largely neg lec ted ;  that Is, h o w  

to sca le  up  restoration to  ass is t  recovery  o f  large areas (In 

the  o rder o f  km"). S hou ld  relatively small “sou rce"  pa tch e s  

be actively res to red  In the  h o p e  that their recovery  will 

k ick-sta rt recovery  In larger c low n-cu r ren t  “sink" a reas?  If 

d isc re te  pa tch e s  are active ly resto red, will benef i ts  spill over 

Into su r round ing  areas?  H o w  can Im proved m a nage m en t ,  In 

c o n ce r t  with sm a ll -sca le  act ive restora tion, genera te  larger 

sca le  benef i ts?  At p resen t  w e  have little ¡clea of the  a n sw e rs  

to th e se  (and m any  other) ques t ions .  To tack le  the  huge 

m ism a tch  In sca le  b e tw een  w ha t  resto ration can potent ia lly  

ach ieve  and reef degradat ion , the se  g a p s  In our k n o w le d g e  

need to  be fil led urgently, A  c om b ina t io n  of s tud ies  of local 

eco log ica l  p rocesses ,  larger sca le  connec t iv i ty  and 

o c e a n o g ra p h ic  p rocesses ,  and mode l l ing  of fers  a way 

fo rward

Beautiful reef in the Similan Islands, Thailand,

Message Board

Restoration o f sh ip -g round ing sites tha t required m ajor physical restoration o f coral 

reefs indica te costs in the order o f US$2 m illion -  6.5 m illion per hectare.

Low -cost transp lantation appears to  cost abou t US$2,000-13,000 per hectare. 

W ith more am bitious goals th is rises to  abou t $40,000 per hectare.

A rough global estim ate o f the average to ta l annual value o f coral reef goods and 

services is US$6,075 per hectare.

Annual potentia l susta inable econom ic benefits for Philippines reefs are estim ated 

at U S$320-1,130 per hectare.

Econom ic com parison o f benefits and costs o f coral reef restoration using current 

m ethods suggests tha t the econom ic case fo r active restoration is not clear-cut. 

Im proved cost-effectiveness o f m ethods fo r restoration is essential if restoration is 

to  be applied more widely.



5: Case studies

In the fo llow ing section, five case-stud ies are presented 

by Sandrine Job o f the Coral Reef Initia tive fo r the 

South Pacific (CRISP) pro ject's reef restoration 

program m e. The pro ject sites range from  the western 

Indian Ocean to  French Polynesia and illustrate som e of 

the issues discussed in earlier sections. Two o f the 

pro jects involved transp lantation o f cora ls in m itigation 

fo r developm ents tha t w ould destroy areas o f reef, tw o 

sough t to  enhance coral reef habita t tha t had failed to 

recover from  natural d isturbances (cyclone and mass- 

bleaching respectively) -  possib ly com pounded by 

anthropogen ic im pacts, and one aim ed to reduce 

erosion and restore a sand m ining site c lose to  a touris t 

resort. For each case-study, the location, ob jective and 

m ethods used are briefly outlined and lessons learnt 

from  the ou tcom es are presented, as perceived by 

those involved in the pro jects. In addition, inform ation 

on the resources (staff, equipm ent, etc.) required for 

each pro ject is sum m arised w ith  actual budgets being 

presented where available. S ta ff costs vary greatly from  

place to place, therefore num bers o f personnel and 

fie ldw ork  duration is detailed so tha t the num bers o f 

person-days required to  perform  various tasks can be 

calcula ted by those interested. Based on the 

in form ation and guidance in the previous sections, you 

are encouraged to  exam ine w ays in which these 

pro jects could have been im proved upon. A few  

com m ents in square brackets have been added to  link 

som e o f the lessons learnt to  appropria te sections of 

the Guidelines.

A key feature o f the pro jects reported be low  has been 

the recogn ition o f the need for m onitoring (with from  

about 6 m onths to  five years o f post-transp lan ta tion  

m onitoring scheduled in d ifferent projects). W ithou t this 

m onitoring, no lessons w ould have been learnt. In m ost 

o f the case-studies, initial survival o f transp lants was 

good, but in a few, high m orta lities occurred after about 

one year, em phasising the need to  m on itor fo r a 

m in im um  o f at least a year and preferab ly fo r a tim e 

period which m atches likely recovery (i.e. at least 5 

years). In m ost o f the case-studies, there was careful 

selection o f transp lant sites to  ensure tha t these were 

as s im ilar as possib le, in term s o f the ir environm ent, to 

the source sites. W here th is p recept was not carefu lly 

fo llow ed, high m orta lity o f transp lants eventually 

occurred. Im portant areas fo r fu rther consideration are 

1) the extent to  wh ich pro jects were considered w ith in a 

broader coastal zone m anagem ent and planning 

context, 2) the dom inant focus in term s o f m onitoring 

on coral transp lant survival and grow th, 3) the need for 

clearer, more detailed, restoration goals, and 4) the 

need fo r a p rio r i success criteria linked to  these, against 

w h ich progress tow ards recovery can be ob jective ly 

evaluated [see section 1.3.1],

For fu rthe r particu la rs o f  these  ca se -s tu d ie s  p lease  co n ta c t:

Sandrine Job, c /o  CRJSF1 C oord ina tinq  Unit,

Secretaria t o f  the  P acific  Com m unity, BP  C/5,

9SS4S N oum ea  cedes, N e w  C aledon ia  

Tel: + 6 8 7  2 6 5 4 7 1  Fax: + 6 8 7  2 6 3 8 1 8

View o f the Bora Bora "coral garden" with transplants on artificial reefs in shallow water
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Case Study 1 : Restoration of a reef 
damaged by sand mining operations and 
creation of a coral garden, French Polynesia.

Location
Matira Point, Bora Bora, French Polynesia 

(July 1 9 9 6  -  Jun e  2000)

Objective
As a resul t of d redg ing  opera t ions  to extract coral sand  for 

con s truc t io n  works , the  sand  m o v e m e n t  c lose  to  the  coast l ine 

a round  Matira Point w as  alte red leading to  coasta l  eros ion. In 

an a t tem p t to  rectify the  p rob lem , a tw o - s te p  s tra tegy w as  

em p loyed ,  using bo th  phys ica l and  bio logical restora tion 

te c h n iq u e s

^
Resort

' *Vp\ Filling o f 
G ro y n e s  ex troctionp¡¡

Beach »  
Nourishmem J ^^  III 'my * .

J / i  .
Artificial structure s 

as breakwattrs

Methods

Physical restoration:

• Extract ion pits c rea ted  by d redg in g  ope ra t io ns  w e re  refilled 

with 1 0 ,0 0 0  mi3 of sand  or ig inat ing from the  Inner reef s lope, 

to en ab le  se d im e n t  transit to  the  coast l ine

• Th ree  2 0  mi long g ro y n e s 2 w e re  installed and be ach  

nou r ishm en t im p le m en ted  in b e tw een  the  groynes. In addition 

the  shore l ine w as  rem ode l led  and  vegetat ion rep lan ted

• 1 2 5  artificial c o n c re te  s t ruc tu res  (weigh ing b e tw e e n  1 ,6  and 

17 tonnes)  w ere  de p lo ye d  on the  san dy  sha l low  reef flat 

a round  Matira Point to  ac t  as b reakw ate rs  to  p ro tec t  the 

coa s t  from lagoona l swel ls

Biological restoration:

• A  7 ,2 0 0  mi2 “coral ga rden " w as  c rea ted  by transp lan t ing 

311 coral  co lon ies  to  11 artificial s t ruc tu res  and 2 0 0  large 

b ranch ing  (Acropora s pp.) and  m a ss ive  (Porites spp.)  

co lon ies  to  su r round ing  san d  pa tch e s

• Coral co l lec t ion: do no r  s i tes (which inc luded  the  extraction 

pits) w ere  se lec ted  on the  basis  of  (a) having similar 

cha rac te r is t ics  to  the  transp lan ta t ion si te  with re spec t  to 

depth ,  water mot ion, e xp o su re  to  w aves  and coral diversity,

(b) proximity, and  (c) accessib il ity.  The 311 coral co lon ies  

w ere  co l lec te d  from a mix of di fferent s p e c ie s  and g row th  

fo rms, to  rec rea te  the  ae s the t ics  of a natural reef.

• Cora ls  w e re  t ra nspo r ted  im m e rsed  in con ta ine rs  of 

seawater,

• Transp lants w e re  a t ta ch e d  to the  artificial s t ruc tu res  using 

e p oxy  g lue and qu ick  dry ing c e m e n t

M onitoring surveys w e re  carried out at 1, 3, 6, 9,1 3, 28 

and 32 m o n th s  after t ransp lan ta t ion. Mon i to r ing  Inc luded

• Survival and  g row th  ra tes o f  coral transp lan ts

• Health a s s e s s m e n t  (observa t ion of  n e c ro s e s  on the  living 

tissue, b leach ing , p redat ion on t ransp lan ted  corals, etc.)

• Natural co lon isa t ion  of  the  artificial s t ruc tu res  by fish, algae, 

coral recru its  and  m acro - inve r teb ra tes

Transplants on 
artificial reefs in the 
shallow water of 
the Bora Bora 
"coral garden ",

2 Gro ins  (U .b.)



Lessons learnt

• Overall  survival  rate of coral  t ransp lan ts  after o n e  year w as  

9 5 %  sug ges t ing  that se lec t ion  of  do no r  s i tes on the  basis  

o f  their similarity to  the  transp lan ta t ion site w as  effective

• Mortali ty  rate for s u b -m a s s iv e  Porites rus  w as  high, most ly  as 

a resul t of sm o the r in g  by sand. C o lon ies  sho u ld  have been 

p lace d  higher a b o v e  the  s e a b e d  to r e d u c e  their e xp o su re  to 

re s u s p e n d e d  se d im e n t

• A e s the t ics  and functiona li ty  w a s  careful ly  c o n s id e re d  w hen  

m a nu fac tu r ing  the  11 artificial structures, with a v iew to 

c reat ing som e th ing  as na tura l- look ing as poss ib le .  This 

involved s imulating natural  reefs In te rm s  of shape,  texture 

(m ade  rough by Incorporat ion of coral rubb le  and sa n d  as 

a g g reg a te  In the  concre te ) ,  and  co lou r  (colouring w as  a d d e d  

to the  c e m e n t  to obta in  a sub s tra te  co lou r  similar to that of 

natural  reefs). Provid ing shelter Is a crit ical func t ion  of  reefs  

a nd  thu s  artificial s t ruc tu res  Inc luded holes, c racks , and  veld 

s p a c e s  as re fuges  for fish and Invertebra tes, Fish a b u n d a n c e  

a nd  diversity w as  significantly h igher after o n e  year, with 

3 0 - 5 0 %  of the  fish be ing juven i les

• U se  of  qu ick  drying c e m e n t  and ep oxy  g lue to  attach 

transp lan ts  w a s  highly su cce ss fu l  with no transp lan ts  

b e c o m in g  d e ta c h e d  dur ing the  first year. S e l f -a t tachm en t  of

co lon ies  at their ba ses  via t issue  expans ion  on to  the 

sub s t ra tu m  w as  w idesp rea d ,  prov id ing s e cu re  long-term  

a t ta ch m e n t  and s ug ges t ing  limited or only sho rt- te rm  adverse  

e f fec ts  of  ei ther the  c e m e n t  or e p o x y  on the  t ransp lan t bases

O w ing  to lack of  a w a re n e ss  the re  w as  s o m e  local ised 

des truc t ion  (2%) of coral  t ransp lan ts  d u o  to boat traffic and 

tour is ts  visiting the  coral ga rden . To avo id  such  Issues, It Is 

r e c o m m e n d e d  that resto ra tion p ro jec ts  be c o n d u c te d  In 

assoc ia t ion  with aw a re n e ss  Initiatives with potentia l  users

A  m a ss  mortali ty of the  cora ls  w a s  re co rd e d  d u o  to a 

b leach ing  event In January  2 0 0 2  that a f fec ted  both  

t ransp lan ted  and  natural cora ls  on the  sha l low  reef flat, 

w he reas  cora ls  on the  outer reef s lope  surv ived well. The risk 

of such  mortality, particularly w h e n  transp lan t ing In sha l low  

lagoon areas with limited water exch ange ,  ne e d s  to  be 

c o n s id e re d  In p lann ing pro jec ts .  S uch  risks shou ld  be 

careful ly  c o n s id e re d  w h e n  se lec t ing  bo th t ransp lan t s ites and 

the  sp e c ie s  to be transp lan ted

Dur ing the  phys ica l  resto ra tion of the  excavat ion  pits, large 

a m o u n ts  of  sand  w e re  d e p o s i te d  In the  coral  ga rden  area 

This had to  be re m o ve d  to avo id  sm o the r in g  and mortali ty of 

t ransp lan ts .  Physical and  bio logical resto ra tion activities shou ld  

be  careful ly  s c h e d u le d  so  that such  Im pac ts  are avo ided

Contractor
French A g e n c y  of D eve lo pm e n t  (AFD), G o v e rn m e n t  of French Polynesia and National  Scienti fic  Program “R ecrea te  N a tu re ” 

Costs and effort required 

Physical restoration

A ctiv ity # days # people Budget (US$)
C ons t ruc t ion  of  g roynes 6 4 1 2 ,0 0 0

Filling of extract ion pits and be ach  nour ishm ent 75 c 4 4 5 ,0 0 0

Coast l ine  profil ing and vegetat ion p lanting act ivit ies 1 8 0 c 7 3 4 ,0 0 0

C ons t ruc t ion  and  d e p lo y m e n t  of  artificial s t ruc tu res  as b reakw ate rs 2 0 0 c 41 0 ,0 0 0

Total physical restoration 1,601,000

? = N um b er  of p e op le  e m p lo y e d  by external s u b -c o n t ra c to rs  to carry ou t th e se  a s p e c ts  of  phys ica l  res to ration un kn o w n  

Bio logica l restoration

Activ ity # days # people Budget (US$)
Cora l co l lec t ion  (mainly from extract ion pits) and  t ransp lan tat ion to artificial s t ruc tu res 19 3 4 0 ,0 0 0

Collect ion and transporta t ion  of  2 0 0  large m ass ive  and branch ing  co lon ies 4 0 6 9 0 ,0 0 0

Creation of 7 ,2 0 0  me "coral  garden", Including 11 artificial s t ruc tu res 30 6 1 4 0 ,0 0 0

Cora l ga rden  monitor ing (over o n e  year) 21 3 8 0 ,0 0 0

Total biological restoration 350,000

Resources needed fo r creation o f 7,200 m 2 coral garden w ith  11 artific ia l s tructures and >500 transp lanted colonies:

Team of 3 to 6 peop le :  2 marine b io log is ts  + 1 boa t  driver + 3 field ass is tan ts  (for part o f  the  work): 1 boat; scuba-c l lv ing 

eq u ip m e n t ;  U S $ 3 5 0 ,0 0 0  or a b ou t  $ 50 /m e

Reference
Salvat, B., Chancere l le ,  Y., S ch r lm m , M., Morancy, R., Porcher, M, and Aubane l ,  A, (2002), Restaura t ion chuno zon e  coral l ienne 

d é g ra d é e  et Implanta tion d 'un  jard in corall ien, Rev. Ecol Supp. 9: 8 1 -9 6

> < V S >
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Case Study 2: Restoration of fringing reef 
impacted by a tropical cyclone, La Réunion

Location
Saint Leu, La Reunion Island (1 9 9 7 -2 0 0 0 )

Objective
During cy c lo n e  Firinga in 1 9 89 ,  m any  po rt ions  of the  fringing reef 

of  La Reunion Island w e re  devas ta ted ,  leading to  9 9 %  cora 

mortali ty in s o m e  places, particu larly on the  fr inging reef of  Saint 

Leu, The p u rp o se  of  this s tud y  w as  to rec rea te  habita t for fish to 

he lp  replenish the  fish popu la t ion  in the  lagoon of  La Réunion.

t .u  R é u n io n Jïidfcru OiMJi

t  s ta n d
Sî-Dems

Sf-Pflüi «

S t-L e u *

rndids? Ocbmi

Methods

The pro jec t  w as  c o n d u c te d  in 2 p h ases

Phase 1 (June 1997-June 1999). Transplanta t ion of  b ranch ing  

cora ls  (Acropora m uricata , the  do m in a n t  sp e c ie s  on La Réunion 

fr inging reefs) a sso c ia ted  with larvae o f  the  dam se lf ish  Dascyllus 

aruanus  p rev iously  bred  in tanks. Transplant survival  and  g row th  

w e re  asse ssed ,  as well as fish popu la t ions  on contro l  and 

exper im enta l  si tes. M oni tor ing lasted o n e  year.

Phase 2 (June 1999-June 2000). D ep lo ym en t  of locally m a d e  

ReefBalb l ike artificial reefs and  t ransp lan ta t ion of cora 

f ra gm e n ts  (5 cm  long) on to  the m  using qu ick -se t t ing  ce m e n t  

M oni tor ing w as  c o n d u c te d  to as s e s s  the  survival  and  g row th  of 

t ransp lan ts  and the  natural co lon isa t ion  of  artificial s t ruc tu res  by 

fish and  inver tebrates. Moni tor ing lasted 5 m o n th s

Lessons learnt

• O u ick -se t t ing  underw a te r  c e m e n t  can be  used  ef fectively to 

t ransp lan t coral f ra gm e n ts  on to  hard s truc tures . There  w as  

1 0 0 %  survival  and  no d e ta c h m e n t  after 2 m o n ths

• Resto ration act ivit ies shou ld  be loca ted  with in areas w he re  

hum an activ it ies can be  m a nage d .  In th is pro ject,  as a resul t 

of La Réun ion lagoon be ing heavily used  by f ishe rm en and 

touris ts, m any  t ransp lan ted  cora ls  (50%  of t ransp lan ts  from 

p h a se  1 and 30%  of t ransp lan ts  from ph a se  2) d ied from 

be ing t ra m p led  on

• During ph a se  1, fish t ransp lan tat ion w as  not d e e m e d  to  be 

su cce ss fu l  as 1 m on th  after their re lease, only 20%  of origina 

n u m b e rs  w e re  fou nd  inside the  t ransp lan ted  co lon ies .  After 

one  year, n u m b e rs  w e re  30%  of the  original, sug ges t ing

re cru i tm en t  to  the  co lon ies .  Thus, dur ing ph a se  2, no fish 

t ransp lan tat ion w as  a t te m p te d  bu t natural rec ru i tm en t  to  the 

artificial s t ruc tu res  w as  m on ito red . Juveni le  fish w e re  o b se rve d  

to recru it  to b ranch ing  coral co lon ies  within a w e e k

• During ph a se  2, 5 m o n th s  after their t ransplanta tion, 

approx im a te ly  5 0 %  of the  t ransp lan ted  cora ls  w e re  fou nd  to 

have d ied from either be ing sm o th e re d  by f i lam entous  a lgae or 

from grazing by coral l ivores. Two poss ib le  op t ions  to re d u c e  

mortali t ies w ou ld  have been s o m e  h u sb a n d ry  (maintenance) 

o f the  transp lan ts  (e.g. rem ova l  of algae), or use  of larger 

(e.g. > 1 0  cm ) f ra gm e n ts  w h ich  m igh t have been be tter ab le  to 

surv ive partial grazing and o u t -c o m p e te  algae

Contractor
University  of  La Réun ion and National M u s e u m  of Natural History  

(Paris)

Costs
The team  w as  c o m p o s e d  of an external consu l tan t ,  4 scient ists, 

8 s tuden ts ,  2 tech n ic ians  and g u a rds  of La Réunion lagoon; the 

overall b u d g e t  w as  U S $ 4 0 ,0 0 0 ;  o f  this $ 2 0 ,0 0 0  w as  spe n t  on 

materia ls, inc lud ing $ 9 ,4 0 0  to c o n s t ru c t  and  de p lo y  the  6

artificial s truc tures ; $ 2 0 ,0 0 0  w as  spe n t  on salar ies of  exte rnal-  

con su l tan t  and techn ic ians ;  sc ient is t  salar ies w ere  c o ve re d  by 

the  University and the  s tu d e n ts  w e re  unpa id  vo lun teers

Reference
C habane t ,  P. and  Naim, 0 .  (2001). Restaurat ion mixte  d 'un  récif 

détruit  par le p a s s a g e  d 'un  cyc lone .  P ro g ra m m e  d e  re che rch e  

vFlecréer la na tu re s



S urprise

P a u c i u s  e

M i s a i t

S a n d r a  b o v a

O tt í f d c  fierre

Location
M a yo t te  Island (Indian Ocean),  April 2 0 0 4  

Objective
This mit igation p ro jec t  a im ed  to  c o m p e n s a te  for degrada t ion  

c a u s e d  by the  rec lamation  of a port ion of the  fringing reef In 

order to  ex tend  the  main harbour.  The ob jec t ives  were : (1) the 

re scu e  of s o m e  6 0 0  th rea te ned  coral  co lon ies,  and  (2) a pilot 

sc ient if ic  expe r im e n t  on coral t ransp lan tat ion In the  lagoon of 

M ayo t te

M b y o tte  Isfíiíid

Long on i Balise

de LongorN

Methods

• Se lec t ion  o f  3 t ransp lan ta t ion sites

A  fr inging reef with very similar env ironm enta l  con d i t ions  

to the  th rea te ned  site (Longon Bal ise).

• A  pa tch  reef In the  lagoon further from the  c o a s t  (Vaucluse) 

A  reef site loca ted  c lose  to a p a ss  th rough  the  barrier 

reef (Surprise)

• 6 0 0  co lon ies  w ere  se lec ted  from a range of genera  and g row th  

fo rm s  w h ich  w ere  representa t ive  o f  the  th rea te ned  fringing reef 

com m un ity ,

• Small  and  m e d ium  sized cora ls  w ere  t ra nspo r ted  In large 

p last ic  con ta ine rs  fil led with seawa te r  but large co lon ies  

w e re  p lace d  In a s u b m e rg e d  ca g e  w h ich  w as  to w e d  by 

boat.  T im e for t ransport  to t ransp lan tat ion s i tes ranged 

from 30  m inu tes  to  2 hours

Transp lants w ere  a t tached  with c e m e n t  to natural coral rock 

or to c o n c re te  s labs  (50 c m  x 5 0  c m  x 1 0  cm)

Transp lants w ere  m a rked  with p last ic  cab le - t le  tag s  either 

nailed to the  natural  rock  or fixed to the  co lony  Itself,

M onitoring surveys w ere  c o n d u c te d  1 m o n th  after 

transp lan tat ion and thereafter every  3 m o n th s  for one  year. 

M on i to r ing  Inc luded

Survival ra tes

Gro w th  ra tes (greatest and  least d iam ete rs  m easured) 

A m o u n t  o f  partial mortali ty (% o f  the  co lon y  su r face  de ad  

recorded)

Colon isa t ion  of the  transp lan tat ion site by fish and 

invertebrates (a ssessed  using 3 rep l icate  belt t ransec ts  

per site o f  5 0  m x 4 mi and 2 0  m x 2 mi respective ly)

Transport o f small to 
medium sized 
transplants submerged 
in seawater in large 
plastic containers.

Transport o f large 
transplants in a 
submerged cage
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Lessons learnt

• The opera t ion  w as  broadly  s u c c e ss fu l  with an overall 

survival rate of  80%  after 1 year, w h ich  impl ies that the 

m e th o d o lo g y  for co l lecting, t ransport ing  and  at tach ing 

t ransp lan ts  w as  approp r ia te

• The c h o ic e  of  the  t ransp lan tat ion site w as  importan t:  the 

site with env ironm enta l  con d i t ions  m o s t  similar to the 

th rea tened  so u rce  site, had h ighest survival. Survival ra tes 

w e re  90% , 65%  and 80 %  respect ive ly  on the  fr inging reef 

(most similar), pa tch  reef further from the  coast,  and  reef 

loca ted  c lose  to a pa ss  th rough  the  barrier reef,

• O bserva t ion  of  partial mortali ty  is useful to asse ss  more  

prec ise ly  the  behav iou r of t ransp lan ted  co lon ies  th rough 

time. It a l lows one  to  de te rm in e  w he the r  the  surviving 

t ransp lan ts '  heal th is declin ing or improv ing with time

• Over half the  transp lan ted  co lon ies  s h o w e d  partial 

necros is  o f  t issue  at o n e  m on th  but th is d id  not increase 

subsequen t ly .  This su g g e s ts  initial s tress  within the  first 

month, w h ich  may be  re lated to  adapta t ion  to  the  new  

e nv ironm ent a n d /o r  reaction to transp lan ta t ion  handl ing. It 

is the re fo re  critical to m inim ize stress  during 

transp lan tat ion

• Regular c e m e n t  w as  reasonab ly  e f fective in a t tach ing 

co lon ies .  Even in env ironm en ts  with m o d e ra te  wate r 

motion, less than 5%  of t ransp lan ted  co lon ies  b e c a m e  

d e ta c h e d

• The flat c o n c re te  s labs  p lace d  on san d  on to  w h ich  s o m e  

cora ls  w ere  a t ta ch e d  w ere  a failure: a lm os t  all transp lan ts  

on the se  d ied  from be ing s m o th e re d  by sand. In sandy  

env ironm ents ,  it is essentia l  that t ransp lan ts  are p laced  

ab o ve  the  m o s t  s ignificant sand  m o vem en t ,  particularly in 

p laces  w he re  w ave  act ion and cur ren ts  are resuspenc l ing 

sand  part ic les and scou r ing  su r faces

• A  fe w  co lon ies  w h ich  w ere  s p a c e d  too  c lose  ove rg re w  

one  another.  T ransplants  shou ld  be p lace d  suff ic iently far 

apart  from each  other to avo id  com pe t i t ion  for s p a c e

• A l though branch ing  co lon ies  had signif icantly higher 

g row th  ra tes than m ass ive  fo rms, the  latter a p pea red  

m ore  res is tant to s tress  and re gene ra ted  m o re  quick ly  

f rom t issue necros is  or partial mortality,

• A l though tagg ing  co lon ies  w as  usefu l for monito r ing, it 

w as  t im e c o n s u m in g  and requ ired  6 p e rso n -h o u rs  to tag 

1 0 0  co lon ies .  The p last ic  tag s  required f requen t  che ck in g  

and re p la ce m e n t  ab ou t  every 6 m o n ths .  S ta in less steel 

nails w ere  fou nd  to be  e f fective in fixing the  tag s  to  the  

subs tra tum

• A b o u t  5%  of the  transp lan ts  w e re  d a m a g e d  by fishe rmen 

with anchors ,  nets  or ro cks  (in Mayotte ,  ca tch ing  fish by 

th row ing  ro cks  In the  wate r  to s tun the m  Is a traditional 

te ch n iq u e  of fishing). To e n h a n c e  the  survival  rate, It Is 

r e c o m m e n d e d  that t ransp lan tat ion be c o n d u c te d  in 

marine p ro te c te d  areas, w he re  hum an Im pac ts  can be 

better con tro l led

Contractor
Direction d e  l 'Equ ipem ent  d e  M ayo t te

Resources required to transplant 600 colonies
Team of 3 clivers (marine biologists) + 1 boa t  driver + 1 field 

ass is tan t (p reparing c e m e n t  on the  su r face  and he lp ing with 

logistics):  2 boa ts  (one s p e e d  boa t  to carry the  team and 

s m a l l /m e d iu m  size corals: o n e  s low  boat  to  pull the 

u nderw a te r  ca g e  carry ing large coral  co lon ies):  s cub a -d iv in g  

eq u ip m e n t :  fie ldwork  per iod of  25  clays (site select ion, cora 

co l lection, t ransp lan tat ion and initial monitoring):  salary 

cos ts :  U S $ 6 0 , 0 0 0  ( including $ 2 0 ,0 0 0  salary for 

ex te rnal consultant) : materia ls, t ransport  and  s u b s is te n c e  

c o s ts  for t ransp lan tat ion work :  $ 2 5 ,0 0 0 :  c o s ts  of  o n e  year 

of  moni tor ing (including salary o f  an external con su l tan t  w h o  

c o n d u c te d  the  surveys):  $ 1 2 ,0 0 0

Reference
M orancy, R., Job , S, and T hom ass in ,  B, (2005) 

Transp lanta t ion de s  co raux  du port  d e  Longon i  et suivi 

d e  l 'opération. R apport  techn ique .  Carex Env ironnem ent  -  

GINGER,

/4 tagged Seriatopora 
transplant at Mayotte, 
with plastic tag nailed 
to the reef.

Sand encroachment onto 
concrete slabs used to 
provide stable substrate 
for coral attachment.
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Methods

• Cora ls  w e re  so u rc e d  from in ter alia: co lon ies  th rea te ned  by 

s an d  sm o the r in g  (where co lon ies  or f ra gm e nts  had b e c o m e  

d e ta c h e d  and fallen on to  sand), co lon ies  very c lose  to the 

sea su r face  that s h o w e d  d a m a g e  from e xp o su re  at low tide, 

f ra gm e n ts  from co lon ies  d a m a g e d  by trlggerf lsh, anchors ,  

nets, etc.,  and  fa rm ed  corals , (Four coral fa rm s w ere  

es tab l ished  In Moturlk l  waters , o w n e d  and ma in ta ined by local 

com m un it ies , )

• Transp lants w e re  t ra nspo r ted  In the  bo t tom  of a boat, 

e x p o s e d  to  air, but with seaw a te r  con t inuou s ly  spr ink led over 

the m  during transfer. Duration o f  t ranspo rt  w as  ap prox im ate ly  

30  m inu tes

• Transp lants w e re  a t tached  us ing 3 dif fe rent m e th o d s

(1) “Plug-In m e thod " :  Inserting coral f ra gm e n ts  Into s inal  

c rev ices  and ho les  In the  coral  rock  hard sub s tra te  taking 

ca re  to  find the  right sized ho le  for each  fragment,  ensur ing 

that they  w ou ld  be  firmly he ld  In p lace  and  thu s  attach faster:

(2) “P lace-on  m e thod " :  larger co lon ies  (usually Acropora  

spec ies )  w e re  p laced  directly on rubb le  or on sand  p a tches  

(the site w a s  she lte red  with little water m o vem en t)  and  

s u b se q u e n t ly  stabi lized by s to n e s  from the  ¡immediate vicinity 

p lace d  a round  the  base;

(3) “C e m e n t  m e thod " :  fa rm ed  cora ls  w ere  a t tached  to 

d e a d  coral  he a d s  and rocks, using regular c e m e n t

Location
Moturlk l  Island, Fiji (August 2005)

Objective
This w as  a c o m m u n i ty -b a s e d  restoration project,  using lo w -co s t  

and low - te ch  tech n ique s .  The p u rp o s e  w as  to res tore a portion 

of reef d e g ra d e d  by b leach ing  even ts  In 2 0 0 0  and  2 0 0 2 ,  The 

spec if ic  goal of  this w ork  Is the  restora tion of  fisheries 

resources ,  and w as  m ore  re lated to foo d  securi ty  and 

co m m u n i ty  prosper i ty  than to  a b iod ivers i ty-dr iven ra tionale
1km M oturik i Island O s tr ic l

1 Gprmt fmrm MPA frountfjirtsa

• Th ree  sites cover ing  a total  area o f  a b ou t  2 1 5 0  me w e re  

t ransp lan ted  and  c o m p a re d  to  three c o m p a ra b le  con tro l 

s i tes of similar area dur ing monitor ing

• M onitoring w a s  carr ied ou t at 1, 3, 6 and 9 m o n th s  after 

transp lan tat ion, (M onito r ing sc h e d u le d  for 12, 15  and 18 

m o n th s  w as  a b a n d o n e d  fo l low ing m a ss -b le a ch in g  and 

mortality.) Moni tor ing included

Transplant survival  rate

A s s e s s m e n t  of  c h a n g e  In % coral cove r using five 

2 0 -2 5  mi l lne- ln tercept t ra nsec ts  per site

A s s e s s m e n t  of  fish and benthus m acro - inve r teb ra te  

po pu la t ions  using visual c e n s u s e s  and be lt - t ransec ts  

respectively .

F a n s p o it in g  la rg e  b ra n c h in g  co ra ls  to  C o ra l fa rm  a t M o tu r ik i Is la nd  in Fiji, 
transplant sites in Fiji. Corals are 
splashed with seawater from a 
bucket.



Lessons learnt

M ethod o f transportation: de sp i te  the  relatively harsh 

con d i t ions  in w h ich  cora ls  w e re  t ransported , en tang led  and 

s ta cke d  on to p  of  one  other, e x p o s e d  to air for 3 0 -6 0  minutes, 

over 9 5 %  of t ransp lan ts  w ere  surviv ing well at 6 m o n th s  with 

b ranch ing  sp e c ie s  sho w in g  g row th . W h e re  t im e and b u d g e ts  

are limited, the se  s im p le  m e th o d s  can  be  su cce ss fu l ,  [See also 

Harr iott and  Fisk (1995), However,  as re c o m m e n d e d  in sect ion 

3,8, it is adv isab le  to m in im ise  stress  and w h e re  poss ib le  to 

keep  cora ls  s h a d e d  from direct  sun light and  im m e rse d  in 

seaw a te r  w h e n  transporting,]

Coral planting method

Plug-in m ethod

• The plug-in m e th o d  w as  the  eas ies t  and  qu icke s t  o f  the 

m e th o d s  tes ted ;  little m a in tena nce  w as  needed ,  and the 

m e th o d  a p p e a re d  ap prop r ia te  for resto r ing areas o f  coral reef 

d o m in a te d  by d e a d  co lon ies /co ra l  rock  into w h ich  b ranche s  

co u ld  be  “p lugged".  However,  the  m e th o d  is restr ic ted to 

small b ranch ing  corals

• It is im po rtan t  to c h o o s e  approp r ia te ly -s ized  ho les  for the 

t ransp lan ted  fra gm e n ts  and ensu re  that l iving t issue  is in 

d i rec t  co n ta c t  with the  sub s tra te  to max im ize s u b s e q u e n t  

se l f -a t tachm en t .  If available ho les w e re  too  large, it w as  fou nd  

that f ra gm e n ts  cou ld  be  succe ss fu l ly  w e d g e d  in p lace  with a 

p iece  of coral rubb le ,  60%  se l f -a t tach m en t  w as  re c o rd e d  6 

m o n th s  after t ransp lan ta t ion

• B ased  on case -s tuc ly  3, s pa c in g  of coral t ransp lan ts  too k  into 

cons ide ra t ion  potentia l  com pe t i t ion  b e tw een  co lon ies  and 

scarc ity  of resources ,  with coral co lon ies  be ing p lan ted  at 

least 5 0  c m  apart

Placed-on m ethod

a t tached  after 6 m on ths ,  [This m e th o d  carries the  h ighest 

risk to t ransp lan t survival, and, if a t tem p ted ,  the  risk 

ne e d s  to be  careful ly  cons ide red , ]

• 3 0 -4 0  cm  ro cks  w e d g e d  a round  the  b a se s  of the 

t ransp lan ted  coral co lon ies  w e re  fo u n d  ef fective at giving 

them  som e th ing  to attach to  even w hen  on san dy  su b  

strata, increas ing their overall we igh t  and  stability, and 

prov id ing a d d e d  insu rance  aga ins t  potentia l  s to rm s

C em ent m ethod

• Th is m e th o d  w as  fou nd  ef fective for cora ls  that cou ld  not be 

easily p lug ged  into ho les  and that w e re  too  small and  light to 

be  p laced  on the  sub s tra tu m  directly  w i thou t  a t ta ch m e n t  

(small to m e d ium  sized ro u n d e d  co lon ies,  m ass ive  colon ies, 

and  fa rm ed  cora ls  g row n  on c e m e n t  discs),  9 5 %  of 

t ransp lan ts  s h o w e d  se l f -a t tach m en t  by t issue  expans ion  over 

the  c e m e n t  within 6 m o n th s

• C e m e n t  n e e d s  to be  careful ly  c on ta ined  in p last ic  bags  and 

restr ic ted to  a t ta ch m e n t  site, with great caro be ing taken not 

to  d a m a g e  ad ja cen t  l iving o rgan ism s  (other spo nges ,  

mo lluscs , urchins, etc.)

Bleaching event

Blue to a b leach ing  event that o cc u r re d  9 m o n th s  after 

t ransp lan tat ion, tw o - th i rds  of  the  transp lan ts  d ied  and one-th ird  

partially b leached .  Natural coral  c o m m u n i t ie s  on ne ighbour ing  

pa tch  reefs suffe red  con s id e ra b ly  less. From this, a few  lessons 

can  be learnt

• The do n o r  and t ransp lan t s i tes sho u ld  be  as similar as 

poss ib le  with re spec t  to env ironm enta l  con d i t ions  (wave, 

current,  dep th ,  tem pera tu re ,  light, and  d is tu rb a n ce  regimes)

In the  study, cora ls  w e re  so u rc e d  from the  outer lagoon and 

t ransp lan ted  to an inner lagoon reef area. A l though surviving 

well initially, they s e e m e d  poorly  a d a p te d  to the  more  

ex trem e con d i t ions  exp e r ie n ce d  in the  inner lagoon 

Transp lants shou ld  be  a d a p te d  to  the  prevailing 

env ironm enta l  con d i t ions  at the  restora tion site [see G o o d  

Pract ice C heck l is ts  in sec t ion  3 ,2  and sec t ion  3.5]

• Th is m e th o d  is only ap p rop r ia te  for low -e ne rgy  env ironm ents  

[see sec t ion  3,4] in w h ich  the  w e igh t  of the  b ranch ing  co lon y  

(or large f ragment) is suff ic ient to keep  the  transp lan t s tab le 

until it can  se lf -a t tach or its ba se  can sett le into sand

• W h e re  po ss ib le  t ransp lan ts  shou ld  be  po s it ioned  beh ind  

larger bo u lde rs  and in d e p re ss io n s  w h e re  they  will be 

she lte red  from current and w a ve  action until they can  self- 

at tach, However,  se l f -a t tach m en t  too k  longer than the  

p rev ious  m e th o d  with only 35%  of t ransp lan ts  firmly self-

• M oni tor ing sho u ld  be  undertaken  for at least on e  full year to 

take  a c c o u n t  o f  seasona l  c h a n g e s  in the  env ironm en t at the 

t ransp lan t site. The critical ques t ion  is w he the r  the  transp lan ts  

can surv ive dur ing the  w o rs t  con d i t ions  at the  site dur ing 

each year.

Contractor
French A g e n c y  of  D e ve lo p m e n t  (AFD) under Cora l Fleet Initiative 

for the  South  Pacific (CRISP) p rogram

Resources required for coral transplantation to

approx im a te ly  2 0 0 0  me of reef, increas ing the  coral cove r by 

1 0 -1 5 % :  Team of 2 sc ient is ts  + 2 field ass is tan ts  + 1 boat 

driver; 1 boat;  f ree-d iv ing skil ls (no s c u b a  used);  f ie ldwork 

per iod of  1 0  clays (60%  of the  t im e a l loca ted  for restora tion

activities, 4 0 %  of the  t im e a l loca ted for sc ient if ic  input (site 

se lect ion, and  basel ine monitoring);  materia l c o s ts  U S $ 1 ,3 0 0 ;  

salary c o s ts  $ 1 0 ,1 0 0

Reference
Job, S., Bowclen-Kerby, A,, Fisk, D., Khan, Z, and  Nainoca, F, 

(2006), P rogress report  on restoration w ork  and monito r ing 

Moturik i  Island, Fiji Technica l report . Cora l Fleet Initiative for the 

South  Pacific



f f  , "  r<P iie c rio n

S ^ I E  D E  P R  O N Y

n 2 -

Cora ls  w e re  t ra nspo r ted  e x p o s e d  to  air In p last ic  con ta iners  

but regularly spr ink led with fresh seawater.  Transport  t im e  w as  

2 0  to 30  m inu tes

Transp lants  w e re  a t tached  with underw a te r  c e m e n t  to natural 

coral rock

M onitoring surveys w ere  c o n d u c te d  1 m on th  after 

t ransp lan tat ion and thereafter s c h e d u le d  for ab ou t  every 6 

m on ths ;  they will c on t inue  for 5 years . Mon i to r ing  Inc ludes 

Survival rates

A s s e s s m e n t  of coral cove r th rough  t im e using the  Une- 

ínter ce p t  t ransec t  m e th o d  with a 2 0  mi long t ra nsec t  

(10 rep l ica tes  for the  1 0 0 0  me site, 5 rep l icates  for the 

tw o  5 0 0  me sites)

Colon isa t ion  of  the  t ransp lan tat ion site by fish and 

invertebrates (assessed  using belt t ra nsec ts  of 5 0  m x 4 mi 

a nd  2 0  m x 2 mi respective ly) us ing 1 0  rep l ica tes  for the 

1 0 0 0  me site and  5 rep l ica tes  for the  tw o  5 0 0 m -  sites 

■■■MIII B a l l i i  I i l l 1!  K u l
■ U nde rw a te r  c e m e n t  w as  ap prop r ia te  to  attach t ransp lan ts  with 

less than 5% of t ransp lan ts  d e ta c h e d  or loose  at the  end  of 

t ransp lan ta t ion activities. Moreover, half o f  the  co lon ies  had 

g row n  on to  their c e m e n t  ba ses  within 5 m o n ths

■ T ransp lanted branch ing  Acropora  co lon ies  w ere  co lon ised  by 

m any  juven i le  fish within a fe w  m o n th s  sug ges t ing  a useful role 

In fish rec ru i tm ent

Location
Prony Bay, N e w  Ca ledon ia  (D ece m be r  2 0 0 5  -  January  2006)

Objective
This p ro jec t  w a s  a mitigation m e asu re  Im p o se d  on a pr ivate 

nickel  extraction firm, C o ro  Nickel, In relation to the  con s truc t io n  

of a ha rbour In a reef area. The ob jec t ive  of  the  p ro jec t  w as  

tw ofo ld :  to re scue  coral co lon ies  th rea te ned  by rec lamation 

opera t ions  and to use  them  to res tore 2 0 0 0  me o f  d a m a g e d  

reef. Their  survival  and  g row th  Is be ing a s s e s s e d  over 5 years

Contractor: C o ro  Nickel, a nickel extract ion firm.

Resources required to transplant 2000 colonies to  3 si tes 

totall ing 2 0 0 0  me o f reef: Team of 3 clivers (marine bio logis ts ) +

1 field ass is tant (preparing c e m e n t  on the  su r face  and help ing 

with logistics); 1 boat;  s cub a -d iv in g  eq u ipm e n t ;  fie ldwork  per iod 

of 25  clays (1 /3  for fie ldwork  preparation, logistics and  loca 

transport ;  2 /3  for resto ra tion act ivit ies -  site select ion, col lection, 

t ransp lan tat ion and base l ine  monitoring);  c o s t  of materia ls 

U S $ 1 7 ,0 0 0 ;  salary cos ts :  U S $ 4 5 ,0 0 0 .

Reference: Job, S. (2006).  Transp lanta t ion de s  co raux  du port 

d e  C o ro  Nicke l et suivi d e  l 'opération. R apport  te ch n iq u e  

S O P R O N E R  -  GINGER.

Sprinkling fresh seawater on transplants 
during transportation from donor site.

Rescued corals awaiting 
transplantation.

^ \ S Y  / /  f f  
Lessons learnt

• Overall survival  rate after 9 m o n th s  w a s  a lm os t  9 0 %  

sug ges t ing  that se lec t ing t ransp lan ta t ion s ites on the  bas is  of 

similar dep th ,  pH, salinity, turbidity, te m pera tu re  and 

g e o m o rp h o lo g y  w as  ef fective

• It Is po ss ib le  to t ransport  cora ls  In air, at least for up to  30 

m inutes, p rov ided  they are spr ink led with c lean seawater.  

T ransplants  did not s h o w  any ob v io us  sign of s tress  (e.g. 

e xce ss ive  m u c u s  p roduc t io n  or s u b s e q u e n t  mortality) from 

be ing e x p o s e d  to air for 30  m inu tes. [See also Harriott and  

Fisk (1995). However,  as re c o m m e n d e d  In sec t ion  3.8, It Is 

adv isab le  to  m in im ise  s tress  and  w he re  po ss ib le  to keep  

cora ls  s h a d e d  from direct  sun light and  ¡immersed In seawa te r  

w hen  transport ing. ]

• In one  o f  the  si tes, half o f the  transp lan ts  suffe red  predat ion 

by the  C ro w n -o f - th o rn s  star fish (.Acanthaster p lanci) and  the 

cush ion  star (Culcita) -  30%  died, 2 0 %  su ffered partía 

mortality. W hile  monito r ing, It Is crucia l  to  re m ove  the se  

p reda to rs  to e n h a n c e  survival  of  t ransp lan ts

' Methods

• Se lec t ion  of 3 fr inging reef t ransp lan tat ion s i tes (one of 

1 0 0 0  me and  tw o  of  5 0 0  me) w he re  env ironm enta l  con d i t ions  

w e re  similar to the  th rea te ned  s o u rc e  site

• Col lect ion o f  approx im a te ly  2 0 0 0  coral co lon ies,  from a 

d iverse  range  of  genera  and  g row th  fo rms, w h ich  w ere  

representa t ive  of the  th rea tened  reef area

Case Study 5: Transplantation of corals 
from the Goro Nickel harbour, New Caledonia
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Disclaimer

The information contained in this publication is intended for general use, to assist public knowledge and 

discussion and to help improve the sustainable management o f coral reefs and associated ecosystems, It 

includes general statements based on scientific research, Readers are advised and need to be aware that 

this information may be incomplete or unsuitable for use in specific situations, Before taking any action or 

decision based on the information in this publication, readers should seek expert professional, scientific 

and technical advice,

To the extent permitted by law, the Coral Reef Targeted Research & Capacity Building for Management 

Program and its partners, (including its employees and consultants) and the authors do not assume liability 

o f any kind whatsoever resulting from any person's use or reliance upon the content of this publication,
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reproduce their photographs in the Guidelines:
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Andrew  Fleyward: p. 17 (middle, right photo), p .17 [Acropora settling), p. 18 (top left);

Sandrine Job: Figure 1 and 2 (degraded reef), p.9, p.25 [Culcita):

Tadashi Kimura: Back cover [Porites overturned by 2004 tsunami);

G ideon Levy: p .15; Figure 7 (collection from reef, transplantation to degraded reef);

Niphon Phongsuwan: p. 11 (left), background to Good Practice Checklist, p .14, p.27, p.38 (top); 

Sakanan Plathong: p .10, p .11 (right);

Shai Shafir: Figure 7 [ex situ and in situ culture), p .16 (upper left and right), p .37 (2 left and 2 right 

photos), back cover (first, fourth and fifth photos in strip);

Ernesto Weil: background to Message Boards, back cover (main photo of elkhorn coral);

Other photographs: Alasdair Edwards.
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The Coral Reef Targeted Research & C apacity  Building for M anagem en t (CR'TR) Program  is a leading international coral reef 

research  initiative tha t p rovides a coord ina ted  approach  to  credib le , factua l and sc ien tifica lly-p roven know ledge  for im proved 

coral reef m anagem ent. The CR'TR Program  is a p roactive  research and capacity  build ing partnersh ip  tha t aim s to lay the 

founda tion  in filling crucia l know ledge  gaps in the  core  research areas of coral b leaching, connectiv ity, coral d isease, coral 

restoration and rem ediation, rem ote  sensing , and m odelling and decis ion  support.

Each of these  research  areas are facilita ted by W orking G roups underp inned  by the  skills of m any of the  w orld 's leading coral 

reef researchers. The C RTR also suppo rts  four Centres, of Excellence in priority regions (S outheast Asia, M esoarnerica, East 

A frica and Austra lasia /Pacific), serving as im portan t regional centres, for build ing co n fid e n ce  and skills, in research, training and 

capacity  building

Visit the CRTR online: www.gefcoral.org

The initiative for the  pro tection  and m anagem ent of the  coral reefs, of the  South Pacific (CRISP1), cham p ioned  by France, aims 

to deve lop  a vision for the  fu tu re  for these  unique e cosys te m s and the  peop les w ho d epend  on them  for their livelihood. It 

seeks, to put in p lace  strategies, and pro jects  to p reserve the  biod iversity of the  reefs, and for the  fu tu re  d eve lopm en t of the 

econ o m ic  and environm enta l services, tha t they offer both locally and globally. A m o ng s t m any others, this p rogram m e 

addresses, the  issue of im proving the  skills, of local com m un ities  in restoring and m anaging coral e cosys te m s th rough  its 

c o m p o n e n t 2B, based  on the  jo in t venture be tw een a French opera to r SPI-INFRA and a Pacific N G O  F5PI (Foundation for the 

South Pacific People International)

Visit the CRISP online: www.crisponline.net

The research  on coral reef restoration being carried out by the  CRTR program  in Philippines, Palau and M exico  is com p le m e n ted  by the  com m un ity -b a sed  

pro jects  on restoring and m anaging coral e cosys te m s being carried out as part of the  CRISP1 program  in the  South Pacific, Further, m em bers  of the  CRISP1 team  

have w ide  experience  in reef restoration p ro jects  across the  Indo-P acific  from  M ayotte  to  French Polynesia, The co llabora tion  of C RTR and C RISP in section  5 on 

"learning lessons from  restoration pro jects" adds va luable ca se -s tu dy  experiences, to  the  broad guide lines. This coope ra tion  be tw een the  tw o  program s will be 

extended  in the  prepara tion  of the  m ore detailed R ee f R estoration M anua l p lanned for late 2008 . This practica l m anual will syn thesise  not only the  reef restoration 

research outputs  of the  CRTR and CRISP program s but also those  of the  European C om m iss ion  fu n d ed  REEFRES pro jec t (entitled "Deve lop ing  ubiquitous, 

practices, for restoration of Indo-P acific  reefs") as well as sum m aris ing  previous know ledge.
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